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FI ELD OF THE | NVENTI ON [ 0001] This invention is directed to a system for
mlitary woanminge6Mre particularly, this invention isPdTruseeen43706 a
systemallowng for realistic force-on-force sinulated training with | ow
vel ocity grenade | aunchers, high vel odi ty grenade | aunchers, and certain
shoul der -1 aunched weapons. BACKGROUND OF THE | NVENTI ON [ 0002] The U. S.
mlitary, as well o i has trained
soldiers for many ymﬁ%ﬁa{,&%’d%& ggg;é&%@ﬁ{d@s engagenent system
(MLES). One aspect of MLES involves a small arns |aser transmtter (SAT),
such as a gallium arsenide 1 i.ch is affixed to the
barrel of a small arns Weap%ﬂﬁgﬁ éﬁﬁﬁgﬁ: %&%ﬂ'ﬁ%#he soldier pulls the
trigger of his or her weapon to fire a blank or blanks to sinulate the
firin f..an actyal r.ound ar multi Each sol fltted wth
| nser 1N Ve i cavenstion g Bhrasteth e AR S

har ness-aAdaREd MdEe fﬁcxtu@uamlryar athilaseiverUldreti's faltrec%e%ierﬂcp@ductor

| aser diode i'n the SAT is energi zed to enit an infrared | aser beamtoward

Lhe t @ysdien @ llewinehion ﬁ@l%@t@%%ﬁmﬁmmlm@uqﬁ rtaqaé@q%ﬂ
cach S0 aohes o o T A e o PR el e v

whet h@raumeheir ssharth cexttfdiar athculgd- ladrmthdd/ peagforzasual ty or had a near

mss, the tinme of the event and the identity of the shooter. WO

2011/ 022426PCT/ US2010/ 045796 2 [ 0003] The M LES devices allow for realistic

force-on-force traini ng (FACRERUUNDN)OPITHE |INVENTION ces. M LES systens wor k
very effectively with direct fire weapons. However, the training of weapons
with indirect fire ballistics, such as nodern grenade weapons, including

but notodozm t ed M UMSLO miK4aryWPQE Wi IMB2A01 i yWMEbr @enafleother

| aunchers, is not conpatible with MLES systens.
countries, has trained soldiers for many years with a multiple

integrated laser engagement system (MILES). One aspect of MILES
involves a small arms laser transmitter (SAT), such as a gallium
arsenide laser transmitter, which is affixed to the barrel of a
small arms weapon or a machine gun. The soldier pulls the
trigger of his or her weapon to fire a blank or blanks to
simulate the firing of an actual round or multiple rounds. Each
soldier is fitted with laser sensitive optical detectors on his
or her helmet and on a body harness adapted to detect an infrared
laser “bullet” hit. A semiconductor laser diode in the SAT is
energized to emit an infrared laser beam toward the target in the
conventional sights of the weapon. The infrared laser beam is
encoded with the solder’s player identification code. Optionally
each soldier wears a digital player control unit that tells the
player whether he or she has suffered a particular type of
casualty or had a near miss, the time of the event and the

identity of the shooter.



[ 0004] The | aunching of grenades or other projectiles in a conbat situation
Is an inportant part of mlitary operations. There has been a definite need
to provi dworrorig2efzbecti ve training for autonmati c or handcCmalsdoigioeiTace

| aunchers. SUMVARY OF THE | NVENTI ON [Q005]1t is an objective of this

I nvention to provide a novel system f& mli tary training. [0006]1t is also
an objective of this invention to provide an effective training for weapons

that | grenade r.other. projectiles. [0007] These objectives, as well
net ur AR ) e dttins AR B, R T P B ¢ ha
f ol | oWssaidlih@ClYieMAG tidNO0lcH M likdie fyeant MY isgibtdis oK ding a
novel system useful for training soldiers in the ogeration and/or use of a
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axi s), . .the 022426 / US20Q010/ 045796 3 initi at. f.
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trai nigg@seenbly is rotatably attached or

[0004] The launching of grenades or other projectiles in a
combat situation is an important part of military operations.
There has been a definite need to provide more effective training

for automatic or hand-held grenade launchers.
SUMMARY OF THE INVENTION

[0005] It is an objective of this invention to provide a novel

system for military training.

[0006] It is also an objective of this invention to provide an
effective training for weapons that launch grenades or other

projectiles.

[0007] These objectives, as well as further objectives which
will become apparent from the discussion that follows, are
achieved, according to the present invention, by providing a
novel system useful for training soldiers in the operation and/or
use of a grenade launcher. The system includes a training
assembly with a laser having a focal array to direct the laser
beam. A control unit or controller records and measures the
angle between the longitudinal axis of the training assembly

housing and the barrel bore elevation (or longitudinal axis), the



connected via a shaft or connection nenber to the body of a grenade

| auncher conprising a body and a barrel. The training assenbly initially is
posi ti onasog01tt®2a426t he | ongi t udi nal axi s of the traini ngCaasentoloys7aand/ or
the direction of the laser is substantjally parallel to the | ongitudinal
axis of the barrel. [0009] Once a soli der aims the grenade | auncher in an

i ntended direction, so that both the barrel and training assenbly are

poi nted .i,n an el evat ed .manne t he sol.idgr then pulls.the trigger to

Pl do St S AR (o, R 4T, e i i Ry Pt at s
in a dicdodish Uf RMHIEgYA6K/ .se manner (dependent upon position) at a
rate corresponding to the post firing trajectory of a projectile or
cartridge. The rotation is configured so that the |ongitudinal axis of the
trai niumosgsenbinhd aaEies Mpdssamaly ¥ talaP1af iatauesed or el evat ed
fromhorizontal, at the time that a projectile or cartridge would |and. The
out putcaameadfed Ha § fhads e gennaction menbess fantithe kodit ©€F aBeam

di ver a tim A i t j ypac ] 0] In
anot e S asiE A bRl BAEA AP RS dhd 3 MeAd POl et
noves assenthd X -idiirtdclilgn itso pisitiairede qeedihect dihief tlofig thigdlherxitshe £
inertia of the ballisti or wnd, qQr both. [00011] The |l aser conprises a

| ower DTS00 ARG POV/EH (eGSR, 41 SrtaseF Ianpl e,

Sem QR ilA%Y pMRIARK]/Q234R6AGH SN 045486 4 iadesAHd) usef ul

radi ati on havi ng wavel engths in the range of from about 850 to about 910
nanoneters. [00012] A connector nenber or connector connects the training

assenblghdd) the Y Pl iHHENAed AL RenaHIE 1GRINGHY G TRIBGtHRITY | Ses
a shaft, and a notor in the training assenbly engages the shaft to enable

t he t rHingsalg aassathlthaty hagihattheadbanedndad tAlasiging amsemhyodneent of the
i nventian, the motor .and ,shaft or shaft and .connecti on nber, ar.e .

con 1 Strtaireeh S A (BN el e, Y ) BT e Graager,

pl ane «f diigenadeilmumehenfidr de0ird o 1k 0k T iawing of

device rotation and bore alignnment are ]
assembly rotates in a clockwise or counterclockwise manner

®)

(dependent upon position) at a rate corresponding to the post
firing trajectory of a projectile or cartridge. The rotation is
configured so that the longitudinal axis of the training assembly
reaches horizontal, or an elevation depressed or elevated from
horizontal, at the time that a projectile or cartridge would
land. The output of the laser increases as the training assembly
rotates. Beam divergence can be optimized to replicate a lethal

impact area.

[00010] In another aspect of the invention, the training
assembly is positioned or moves in the x-direction to simulate
expected drift due to either the inertia of the ballistics or

wind, or both.

[00011] The laser comprises a lower power laser suitable for

emitting useful radiation. For example, semiconductor laser



configured to sinulate drift as the training assenbly deflects. Burst fire
Is sinmulated as trigger pull/blank fire initiates delayed | aser shots.

[ 00014] Thwotnaime42g assenbly conprises sensors to nmeasuPET/USRI100%0pl e, t he
direction of earth gravity, the position or elevation of the training
assenbly as conpared to horizontal or 4 he elevation of a target site or
area (an inclinoneter), the angle of the assenbly to the bore el evation,

novenecfé:ocgrsthetrat eﬁ/ﬁof nov r}_to (%n vaccelwero ter ar_the i nitieati n of a
bl ank S e d S5 Yo d? CTorANs Dr T the ™ or&y Sty 015] A
cont r dromidboud SENtHDIdERut 198 OpRIdret’ins .connected to the |aser, the
notor, and the sensors. [00016]1n another aspect of the invention one or
nore M LES sensors are positioned at the intended target area. As the

trai nimupodemi ce A Mot tidy hinbedNtadd Dnnddtdicdiidatitte Hdl2Eni\Wg

2011/ 022426PCT/ US2010/ 045796 5 el evation of a target area, a |aser beam
hits @fsemblibre ddesdiody of agignanade deamehenyl Thee cqr@@EAome strength
r

of th v traini devic t {i.zont al
or, | érrfg)t%%oérg:l gontsfaﬁaé:l ! ﬁs;ﬂaeﬁ@f/a%r? 0 %{g‘rnggi\ﬂea&erre??}ﬁtﬁléslaas%eér?&ol am
shoul eriimagets fild stiafingich erablecate thmisangpras sambilye Hoarmgeatiatar eas.

00018] I n anof her. .aspect of the_.invention,_ a_system useful for
[ Jntendé . Alsgz in one embodiment of thé/invention, the motor

and shaft or shaft and connection member are configured so that
the training assembly can rotate away from a vertical plane of

the grenade launcher, in the x-direction.

[00013] The axis of device rotation and bore alignment are
configured to simulate drift as the training assembly deflects.
Burst fire is simulated as trigger pull/blank fire initiates

delayed laser shots.

[00014] The training assembly comprises sensors to measure, for
example, the direction of earth gravity, the position or
elevation of the training assembly as compared to horizontal or
the elevation of a target site or area (an inclinometer), the
angle of the assembly to the bore elevation, movement or the rate
of movement (an accelerometer), or the initiation of a blank or

simulated trigger pull, or two or more of the foregoing.

[00015] A control unit, or controller, is operatively connected

to the laser, the motor, and the sensors.

[00016] In another aspect of the invention one or more MILES
sensors are positioned at the intended target area. As the

training device rotates to horizontal or, if not horizontal, the



training soldiers in the operation and use of a grenade |auncher having a
body and a barrel, conprises: a training assenbly capable of being

r ot at abl ywetzbaahestét o t he body of the |auncher, conpri siPAE/US201004P6OQ;

a variable output laser within the housing to produce a | aser beam along a
| ongi t udi nal axis; a shaft exteﬁhing t hrough the housing to the body
of the grenade | auncher; a notor within the housing that engages the

shaft and .i,s capabl_e ,of causing the ;housi to.r.qtate about the shaft;
ot | osiva S LR A et e o B TR Bha T G R s RS et ect
rot at it gitdtemeaisutbedsfdgaigdll |, and/or gravitational direction; and

WD 2011/ 022426PCT/ US2010/ 045796 6 a control unit within the
housi ng or attached to the housing and operationally connected to the

| aser,[gdta At | el HMRMASUE Y 1 MBelins &ih dadyeastaprhesensor to
detect |aser energy at a target site. [00019] 1 n another aspect of the
i nventir@inine dewae metataodd hanigentaldiqroctif mot aaxizengal, the

elevation of a target area, the laser beam should be at full

strength, to reach the sensors at the target areas.

[00018] In another aspect of the invention, a system useful for
training soldiers in the operation and use of a grenade launcher

having a body and a barrel, comprises:

a training assembly capable of being rotatably attached to

the body of the launcher, comprising:
a housing;

a variable output laser within the housing to produce

a laser beam along a longitudinal axis;

a shaft extending through the housing to the body of

the grenade launcher;

a motor within the housing that engages the shaft and
is capable of causing the housing to rotate about the

shaft;

at least one sensor within the housing or attached to
the housing to detect rotation of the housing, trigger pull,

and/or gravitational direction; and



[ 00020] I n anot her aspect of the invention, the control unit records and
nmeasures an angl e between the | ongitudinal axis of the housing and the
barrel elwoapin426he initiation of a blank or sinul at e#CTriSQgem43796 1, and
the direction of earth gravity. [00021]In anot her aspect of the invention,
the training assenbly is rotatably atttched or connected to the body of the
grenade | auncher. [00022] 1 n anot her aspect of the invention, the training

assenbly is attached ,or .connected,t.hr h.a shaft or nnect or
anot her aspect &t ct°rf‘et15°r?vé1rﬂlﬁ: ?‘:j% {}qi e;}

it T i o A e, 2

posi t iR iy drithlop datigiddldiyn&lormddted HaHd Aidvdiy agedy eyt t he

| aser beamis substantially parallel to a |ongitudinal axis of the barrel.
[ 000246 s&fiTFor ashdde #otare iaffenti on, sensors to sense radiation are
positioned at an intended target area. [00025]1n another aspect of the

i nventi on,

as the training device rotates to the elevation corresponding to

t he target aly deeastizorE) SETPX BPAR e l@ss BIergy at a target site.

[00019] In another aspect of the invention, the laser has a

focal array to direct the laser beam.

[00020] In another aspect of the invention, the control unit

records and measures an angle between the longitudinal axis of

the housing and the barrel elevation, the initiation of a blank

or simulated trigger pull, and the direction of earth gravity.

[00021] In another aspect of the invention, the training

assembly is rotatably attached or connected to the body of the

grenade launcher.

[00022] In another aspect of the invention, the training

assembly is attached or connected through a shaft or connector.

[00023] In another aspect of the invention, the training

assembly initially is positioned so that a longitudinal axis of

the training assembly and the laser beam is substantially

parallel to a longitudinal axis of the barrel.

[00024] In another aspect of the invention, sensors to sense

radiation are positioned at an intended target area.

[00025] In another aspect of the invention, as the training

device rotates to the elevation corresponding to the target area,



7 a laser beamhits one or nore sensors to register a successful fire.

[ 00026] I n anot her aspect of the invention, the training assenbly is

positi oneoapiwmes in the x-direction to simnul ate expeeCeEdsdriofngsdeae to at
| east one of the inertia of the ballistics and wind. [00027] I n anot her
aspect of the invention, the |aser coﬁbrises a |l ower power |aser suitable
for emtting useful radiation. [00028]1n another aspect of the invention, a

shaft _extends thro?%_r]:[ or_co risers a connecttor merrbq__r to connectr#r}Te]
trai nithd 2T M5 %é’“r?o% BT GRS I RuAGE® "G00 78T S Hhdt her
aspectfigfe the invention, a notor in the training assenbly engages the shaft

to enable the training assenbly to rotate as intended. [00030]In anot her
aspect of the invention, the notor and shaft are configured so that the

trai niumozsgenblnh Gib AR pARY Iff WR itfRfdrtGain PlaRe taidiqgr enade
| auncher, in the x-direction. [00031] | n another aspect of the invention,

t he adssesblievisc PaSttadnad axd Nesres din dgifem-dmeaderm dir edmud-afiemul at e
drift e@&:etéq:e‘ecf rﬁli@@gil?ess:%r@ty l%ggte%tn% of the inertia of the

ballistics and wind.

[00027] In another aspect of the invention, the laser comprises

a lower power laser suitable for emitting useful radiation.

[00028] In another aspect of the invention, a shaft extends
through or comprises a connector member to connect the training

assembly to the body of a grenade launcher.

[00029] In another aspect of the invention, a motor in the
training assembly engages the shaft to enable the training

assembly to rotate as intended.

[00030] In another aspect of the invention, the motor and shaft
are configured so that the training assembly can rotate away from

a vertical plane of the grenade launcher, in the x-direction.

[00031] In another aspect of the invention, the axis of device
rotation and bore alignment are configured to simulate drift as

the training assembly deflects.

[00032] In another aspect of the invention, the sensors in the
training assembly measure at least one of the direction of earth
gravity, the position or elevation of the training assembly as

compared to horizontal, the angle of the assembly to the bore



[ 00032] I n anot her aspect of the invention, the sensors in the training
assenbly neasure at |east one of the direction of earth gravity, the

posi ti on W0 2el1@2at260n of the training assenbly as conpar€d/useothosiz2ont al |
the angle of the assenbly to the bore WD 2011/ 022426PCT/ US2010/ 045796 8
el evation, novenment or the rate of novenent, and the initiation of a blank
or sinulated trigger pull. [00033]1n another aspect of the invention, a

met hod ,of tr.aining an individual tq fire a_grenade | her. cqnpr,.ses the
ot eps Shavatidd) Wbahadklof TR Aete i st gl HhY eI 0y and
a traidd rg RSy JiehAlaadd lilqdeddia t he body of the grenade | auncher;

aimng the grenade | auncher in an intended direction, and aimng the
training assenbly in the sanme direction, so that both the barrel and

trai nipgoessgenbinh arR RINtRHddt JF ARy aREABIE 'a method W i Ny a
trigger of the grenade |auncher to sinulate a firing; and - after
firingradgtiag @ tdndiviguainFadiamia granadss laune caEprisgsortdieng to

t he m§§§é¥rg{m trajectory of a projectile or cartridge and for a tine
corresponding to the tine it would take a projectile to land at a target

ar ea, t hereby causing the |laser a beamto actuate at | east one sensor

at the tar %%toxﬁrcﬁ.q‘ig [ao%g:?éﬂalz [ l"annLi!:ll'lleJ:!J %%Q}rlﬁga%d iﬂLq:r%fl tat}n% R &% and

i nvention,
a training assembly rotatably attached to the body of the grenade

launcher;

aiming the grenade launcher in an intended direction, and
aiming the training assembly in the same direction, so that both
the barrel and training assembly are pointed in an elevated

manner,;

pulling a trigger of the grenade launcher to simulate a

firing; and

after firing, rotating the training assembly rotates at a
rate corresponding to the post firing trajectory of a projectile
or cartridge and for a time corresponding to the time it would

take a projectile to land at a target area,

thereby causing the laser a beam to actuate at least one

sensor at the target area.

[00034] For a full understanding of the present invention,
reference should now be made to the following detailed
description of the preferred embodiments of the invention as

illustrated in the accompanying drawings.



reference should now be made to the follow ng detail ed description of the
preferred enbodi nents of the invention as illustrated in the acconpanying

dr awi ngs.woWm 1221426022426 PCT/ US2010/ 045796 9 BRI EF DESCRCPTISGN 0O 7IE

DRAW NGS [ 00035]Figs. | A and 2B are schematic representations of a top view
and a lateral view, respectively, of 2 traini ng assenbly according to the

I nvention attached to a grenade | auncher; [00036] Figs. 2A and 2B are
schematic representati f i all I -sectional top view and

| at eral view, respect i%%sf? D&%Wﬁr@ g@éﬁ%ﬁq@: ording to the

I nvention; [00037] Figs. 3A and 3B are schematic representations of a

f;?leﬂlsﬁ&p em ccorgﬁt%&ﬁ)ﬁue mgfgpoui 10003%g 4 is a%ra h of the

schematiieiy ra‘i'RI %Sﬂﬂit@ﬂaqn wifewd |rsPedt@ai8ly, of a training assembly

according to the invention attached to a grenade launcher;

[00036] Figs. 2A and 2B are schematic representations of a
substantially cross-sectional top view and lateral view,

respectively, of a training assembly according to the invention;

[00037] Figs. 3A and 3B are schematic representations of a

training system according to the invention;

[00038] Fig. 4 is a graph of the intensity of laser light

output versus range or time;

[00039] Fig. 5 is a schematic representation of a laser beam

dispersion pattern at a target;

[00040] Figs. 6A to 6D are schematic representations of lateral
views of use of a training assembly mounted on a grenade

launcher;

[00041] Figs. 7A to 7D are schematic representations of top
views of the training assembly and grenade launcher shown in

Figs. 6A to 6D, respectively;

[00042] Fig. 8 is a graph representing depression angle verses
time;
[00043] Figs. 9A and 9B are schematic representations of

lateral views of use of a training assembly mounted on a grenade

launcher;



di spersion pattern at a target; [00040]Figs. 6A to 6D are schematic
representations of lateral views of use of a training assenbly nounted on a
grenade |wOrohem242600041] Figs. 7A to 7D are schemati c r @pTasSeiai’ons of
top views of the training assenbly and grenade | auncher shown in Figs. 6A
to 6D, respectively; [00042]Fig. 8 i s19 graph representing depression angle
verses tinme; [00043]Figs. 9A and 9B are schenatic representations of

| at er A of_.use af..a trai,n assenbl y ,nount ed on r.enade uncher;
WD 50 AR iR (S S G G 22 S T L Hbatt A S AR
repr esadw iy Hrefi ndir)va s¥fentB18, tami R reghates aEinched Howiadea | auncher

shown in Figs. 9A and 9B, respectively;
Figs. 9A and 9B, respectively;

[00045] Fig. 11 is a graph of deflection and angular draft

versus distance;

[00046] Fig. 12 is a schematic representation of burst fire

simulation; and

[00047] Figs. 13 to 15 are schematic representations of
lateral, top, and rear views, respectively, of a training
assembly positioned on a grenade launcher according to the

invention.
DETAILED DESCRIPTION OF THE INVENTION

[00048] The preferred embodiments of the present invention will
now be described with reference to Figs. 1-15 of the drawings.
Identical elements in the various figures are designated with the

same reference numerals

[00049] In the schematic representations of a top view and a
lateral view, respectively, shown in Figs. 1A and 1B, a grenade
launcher 2 has a body 4 and a barrel 6. A training assembly 10
is rotatably attached through a connector 12 to body 4. The

longitudinal axis 14 of training assembly 10 is parallel to the

longitudinal axis 16 of barrel 6.

[00050] Figs. 2A and 2B comprise schematic representations of
substantially cross-sectional top and lateral views,

respectively, of a training assembly 10. Training assembly 10



[00045]Fig. 11 is a graph of deflection and angul ar draft versus distance;
[00046]Fig. 12 is a schematic representation of burst fire sinulation; and
[ 00047] Fiwe.20ud2242615 are schematic representati ons of [PaTASa010/0859p¢ and
rear views, respectively, of a training assenbly positioned on a grenade
| auncher according to the invention. TAI LED DESCRI PTI ON OF THE | NVENTI ON

[ 00048] The preferred enbodi ments of the present I nvention will now be
descri bed wi th referenc I dent | caI ement S
o SRrsed o gt 27 Tl BienSratad 7 et T Sinsis

[ 0004Hdda1 harreghemmt | @ MIHAas ey atd @iﬁx@tﬂ)ﬂdlﬂ.wldﬁhrﬁ&eﬁi |1ﬂi e al VI ew,
respectively, shown in Figs. | A and 1B, a grenade |auncher 2 has a body 4

and a IDRStF/shafitai2f P Ftahs Fregning asaemhily & A8 t hr ough a

;C)gpglel eci to #1 /%%%ﬁ% fzudmgéng{gsé#?ﬁgfb%ﬁszchogﬁr%cgoé(’)?(ﬁ] | gs%ﬁgz,nd aleg 'S

conpr iggreeraatee Neturcheapr esmlt &td deslyofd .substantially cross-sectional top and
| ateral views, respectively, of a training assenbly 10. Trai ning assenbly
10

[00051] Training assembly 10 has a rotational sensor 30 to
measure rotation about connector/shaft 28 and an inclinator 32 to
measure horizontal position. There is a power source 34 such as

a battery and a control circuit or controller 36.

[00052] For a hand held device, such as an M203 or M320 grenade
launcher, training assembly 10 may optimally comprise a
stabilizer (not shown). The stabilizer would allow training

assembly 10 to counter hand movement after firing.

[00053] The schematic representations in Figs. 3A and 3B
represent firing sequences. Fig. 3A represents a lateral view of
a training assembly 50 attached to a grenade launcher 52. Upon
sensing a blank firing (or simulated trigger pull), training
assembly 50 rotates (depresses) in clockwise or y- direction at a
rate that simulates a post firing trajectory (y- position/drop)
of a projectile in flight. A sensor (not shown) in training
assembly 50 measures the relative position or effect of gravity,
which will affect the ballistics of an automated grenade launcher
(AGL) , and a controller (not shown) in training assembly 50
adjusts the rate of rotation, also factoring in the relative

elevation of firing position as compared to the target position.

[00054] The rate of rotation of the training assembly 50 allows
for alignment of the laser (with targets) at time intervals. The

time intervals and alignment resulting from rotation/depression



WO 2011/ 022426PCT/ US2010/ 045796 11 conprises a |laser 22 that generates a
beam t hat passes through focal array 24. A notor 26 is operationally
connect edwbaoa/esraect or/ shaft 28 to rotate traini ng as®ERiIS010045bO UL
connector/shaft 28. Connector/shaft 28 connects to the body of a grenade

| auncher, such as body 4. [00051] Trai ﬁ?ng assenbly 10 has a rotational
sensor 30 to neasure rotation about connector/shaft 28 and an inclinator 32

to nmeasur.e hqrizontal position. Ther.e, is. r sour.ce 34.such as a
batt o} AME FTEOM AHRMRLY songhde, i dhe apated ballhabic
devi cpositabra@p MIOD Prdfeditigeenadelighicher, training assenbly 10 may

optimally conprise a stabilizer (not shown). The stabilizer would all ow
trai ning assenbly 10 to counter hand novenent after firing. [00053] The

schemgtgo F5Pr e N iihg R diblBA @b R dL e RPrdddddlg rquences.
Fig. 3Arepresents a |lateral view of a training assenbly 50 attached to a
gr enadé@ tengidiero s theyd@seseigiarpases -anld isharfqordigitanaased the gger

pul 1) ,; train I r t d ree\?ﬁp [ qg[tgxm ory Vs
di rectllaosrneayaigde}q)ra g‘%ﬁ%%?rm%?e@%as('pos | I‘i%l)’le B-'rh% ec orl'?/1 y-layser

posi t ildryidt dpy) opftimipren) ect idemsonadliygiMatoh sdies arar(geotarsh@arypansitami ni ng
assenbly 50 neasures the relative position or effect of gravity, which wll
affect°1%lr?e 40mm RRqI&CHrlen aut omat ed grenade | auncher (AG), and a
controller (not shown) in training assenbly 50 adjusts the rate of

rotation, also factoring in the relative elevation of firing position as
conparl@P 43Pt he The gERbHSRIWH 19 F3E4)4THS 2Rt eFimadaforFi& the

trai nijng A5 Yhedl 18 IRl PYENqidhi | ARG o Wikde t argets) at
time intervals. The tine intervals and alignment resulting from
rotation/depression WD 2011/ 022426PCT/ US2010/ 045796

[00057] Fig. 5 is a schematic representation of the width of a
laser beam 60 at a simulated target point 62. The laser beam
width is intended to approximate the width of a projectile burst
at that distance. The focal array on training assembly 50 can

change the laser beam dispersion at an intended range.

[00058] Another aspect of the invention is shown in lateral
views in Figs. 6A to 6D and in top views in Figs. 7A to 7D. 1In
Fig. 6A a training assembly 66 is rotatably mounted on a grenade
launcher 68 having a body 70 and a barrel 72. A focal array 74
of training assembly 66 will focus a laser beam along
longitudinal axis 76, which will be parallel in the y-direction
to longitudinal axis 78 of barrel 72. A gunner’s line of sight
80 extends from the rear of grenade launcher 68 to a target (not
shown). 1In Figure 7A, as shown in a top view, longitudinal axis

76 is parallel to longitudinal axis 78 in the x-direction.

[00059] A gunner aligns a weapon sight with a target, as shown
in Fig. 6A, and training assembly 66 is aligned with the bore of

barrel 72 when grenade launcher 68 is “fired”. After training



12 of the training assenbly coincide with the sinulated ballistic
position/drop of a projectile in flight. [00055]As training assenbly 50
rot at es owoaepvesees, the intensity of the |aser increa®EI/USAIHNTOG er
di stances, the laser output is lower._In Figs. 3A and 3B, the term nal
| aser Ilght Is optimzed to reasonabl';lr mat ch the range and dispersion of a
40mm proj ectile. [00056] The graph shown in Fig. 4 is an estimte of the
i nt enS| t I aser .put_ ov di_st.anc r. t| ne. J00057].Fi is a
schondi< Eriist B8 AT SR T WA A B8 e e o) ARPRR AR S

tar gettﬂm.rﬁtncﬁ%ssﬂitﬂ:lyaﬁeﬂ keashdwi id Figy GFEB?QIaricD smprdmmﬁtcﬁest Re oM dth
of a pI’OJ ectlle burst at that di stance The focal array on training
assentH mEe tath Rps & rfé-rlld&r We A ldiistdrs iRaf idiiomh 9% REQY

[ 0005 s IREE Y Of et s sho r \, Fi gs

6A to%légA i togfvllngv\% | rlé%lgq'%%ltdo 78% %éFriéseétéixfg'rteréa I ni Hgtnasserrbl y
66 | s pulisssaladsy trauintiedy @sseniylgndte dehatedser 68 haV| ng a body 70 and a
barrel 72. A focal array 74 of training assenbly 66 will focus a | aser beam
al ong longitudinal axis 76, which will be parallel in the y-direction to

| ongi t[th'OrGa]] axi'&e?&aﬁeﬂmr relew/ 2f Aignred 'is liimerafeds itghtrefresdrands from
the rear afge | auncher 68 to a tar et (no':s&lsqq_a:lvm ILn Figure 7A, as

shown qcl’i“p&st WS iy ddi inngg 'S qes YPa % thshdia tha&S axi s

78 i n ddpavdd RPN 1003 FNRRle I MBRRAN a5 HHaiWildy a target,
as shown'in Fig. GA, and training aggg%nbly 66 is alligned vmtaﬁ' tlﬁgg bore of

bar r elasEEmiien &fr ereddetddahecidis ddinall 'Hasidon Afwhdrch s ongzondal,

2011/02242@PCT/U%%Q%%&Qﬁ%ﬁgedepressed or elevated from horizontal.

[00061] The power of the laser increases as training assembly
66 rotates. Thus, as training assembly 66 rotates to a position
corresponding to the elevation of the target, the power increases

to a point that the light output triggers MILES sensors.

[00062] The top views of Figs. 7A to 7D correlate to the
lateral views of Figs. 6A to 6D, respectively. As training
assembly 66 rotates, the “x” (lateral) alignment between grenade
launcher 68 and training assembly 66 simulates the actual “x”

drift of a projectile in flight.

[00063] The movement of the training assembly is intended to
replicate the actual “x” drift of a projectile in flight. The
shift in “x” mis-alignment occurs as the training assembly

rotates in the “y” direction.

[00064] The graph in Fig. 8 represents the projected depression
angle in mils over a period of time for a simulated trajectory of

a grenade or other projectile.



13 assenbly 66 senses firing, the rate of rotation or depression of
training assenbly 66, as shown in Figs. 6B and 6C, coincides with the

si mul at edwpast/f2p426ng "y" ballistic position of a proj e®CIrlts2018845796
represented in the graph in Fig. 8. The laser fires |light pul ses as

trai ning assenbly 66 rotates. [00060]#ﬂe | ateral view of Fig. 6D is

I ntended to represent a conposite of the initial gunner's line of sight to

the t s C ared ta the .laser _beam aligned tq the target as training
assert P U8B T of AR T4 TV BRI O ARG (€ HoriAMES or, (f not
hor i Zi¥sEmbldeRIrRE SBd f &) esrwell Witthinnerd 2 tElcu 3806 litharigawerozof t he
| aser increases as trainhgg assenbly 66 rotates. Thus, as training assenbly

66 rottt dPBR-0 Figsi tPorrrcbrFReFFdAtETT (HEWH Qfatd dFomiTie asHRRLY t he
Pooce ARSI DO Yt Ul SN UG MR

[ 0006 top views o to correlate to the vi ews of
Fi gs. bakred @0,. r &Sigectid aleprefertrsai tmaign iass adsenbds, radt atres ,grdmadex”

(lateral | i nt, bet ween grenade .| auncher 68 and traini ssenbly 66
Si mut destochns B B Tt MISE Fist o B HARFSIPTS GECT00IEI e

NV eNeyn fGfguhia ildrivhidie assamilng issdemandert g eidade ithg actual " x”
drift of a projectile in flight. The shift in "x" ms-alignnment occurs as
t he t rcdiokwissssmansierrotates in the "y" direction. [00064] The graph in
Fig. 8 represents the projected depression angle in mls over a period of
time for a sinulated trajectory of a grenade or other projectile. WO
2011/ dODXEACT/ T e a5 assponding top views of Figs. 10A and 10B, a

longitudinal axis or centerline 94 of barrel 90 is parallel to a
longitudinal axis 96 of the laser beam from training assembly 84.
As seen in Fig. 10B, however, the angular rotation of
longitudinal axis 96 away from longitudinal axis 94 matches or

approximates actual ballistic projectile drift.

[00067] The relationship between deflection and angular draft
(mils deflection) versus distance is shown in Fig. 11. The

ordinate is the distance in meters of projectile travel whereas
the abscissa is the mils of deflection in the angle between the

two longitudinal axes.

[00068] In one aspect of the invention burst fire can be
simulated, as shown in Fig. 12. 1In this sequence a training
assembly 102 or grenade launcher 104 senses multiple blank fires,
or bursts. Once the training to assembly 102 rotates to the
proper deflection, e.g., to horizontal, multiple laser bursts 106
simulate the blank fires. After the shots or bursts are final,

the training assembly rotates back to its starting position.

[00069] It is possible to select an axis of rotation (relative

to the gun barrel) according to the invention that allows for a



14 [00065] The rel ati onship between rotation of a training assenbly and
drift is shown with nore particularity in Figs. RAto 10B. Figs. 9A and 9B
are | at ers 20i1en28426f a trai ning assenbly 84 positioned ®OTAISQIIO08ET06

| auncher 86 having a body 88 and a barrel 90. Fig. 9A represents training
assenbly 84 and grenade | auncher 88 at>firi ng, while Fig. 9B represents a
post firing configuration where training assenbly 84 has rotated in a

cl ockwi se, manner 0066] n, t he carr.es Vi e Fi 10A and
Con, Bt T e ket v e oF argidftad e Dol L Oh

| ongi tAddHmiAlas Bl A6 eihltdhe alx@serastwmﬁdzﬁmatrrﬂblensg s%a:seraxlﬁh 8h thse seen
in Fig. 10B, however, the angular_rotation of |ongitudinal axis 96 away

from I%ﬂ%{ﬁ%%d‘le%ﬂ%@@m@n&f @'rlgfppr](%ﬂtrﬁat]er’s SARFASDHMG Rgsition
f |
Proj egdd nﬁedfd(fwﬁ L Hidia %! | Ry S%P@lnfiﬁal;%ﬁﬂa(lfli %}ﬂ@“gu ar

draft ver sus |stan ers own 1 n ordi nate
i's the(ﬁiu.g}a:nceimrfmeters of projectile travel whereas the abscissa is the
mls of deflection in the angle between the two | ongitudinal axes.

[ 00068] I n one aspect of the invention burst fire can be sinulated, as shown
in Fig. 12. In t¢d)s Faguerpiorem ttriaie'\i(rn;ara;zas)erﬁﬂa/ chEhge igr éhade | auncher
104 se&sﬂfgl?rml toqu)}I e blank fire or bursts. the trai n| ng to assenbly
102 ro e I GFRTERS] As @nreesud'tancto Forithl®- mul tiple | aser
bursts 106 simulate the blank fires. After the shots or bursts are final,

the training assenbly rotates back to its startr (r}g] posi tion.
2011/ 022426PCT/ USRdo1d¥o i Bigers o Eanase ange difnd] a‘tqrr}rf"af is

bal | i ehir-dliddd -asThe Jedyitlan Rel0e Wi @ are based upon vari abl es set

forth in the schematic representations of Figs. 13 to 15, express the
position of the device rotational axis to properly sinulate ballistic

(flight) drift. ch (P 1UMER ) T ddAWYOndde GhpRge 1n X
(deflection) is ecx)pressaen(?easl a régdtﬁit ant change e?("‘rn :
(drift) as determined by the mounting angle A.

A = cot (XTfotx)
Hence
A = cot (©/9)

In cases where the relationship between X and Y is (or near)

constant, a single angle provides a satisfactory solution.

[00070] The angle is selected for the design use of the (above)
geometric relationships along with an analysis of the standard

ammunition ballistics. The resulting angle is a device simulates
(proper alignment) of a laser impulse corresponding to the drift

of a grenade (projectile) in flight.

[00071] There has thus been shown and described an improved
training system for grenade launchers which fulfills all the
objects and advantages sought therefore. Many changes,

modifications, variations and other uses and applications of the



(b) At a given tinme (range) the change in Y (drift) is expressed as a
resul tant change in 4). (c) Change in X (deflection) creates
change | rw@20dra2e42p as det erm ned by the nounting angl e PAT/US26100@3796
(X.rx,rYtx) Hence A = cot (0/4)) In cases where the rel ationship between X
and Y is (or near) constant, a singl eléngl e provides a satisfactory

sol ution. [00070] The angle is selected for the design use of the (above)

geonetric. relation s al wi th _an anal ysis of th ard a itjon
ol 1 SRR o TS el e, e (7 e ) o
a | asam idRalaaa %Irﬁeﬁ:swﬂﬂaﬁl@ld hehity iddediff it agfivndmd pHyy ectile) in

flight. [00071]. There has t hus been shown and descri bed an inproved training
syst erﬁ‘-’r“(ﬂm@m dzavidies yhiighedirsaliasg £he Prefe e ambodidentsmnt ages

SO RL O A G T 0 R, SO eSS

I nventusas \add aprdvisnsdri orlse cdnichaploamertt departtosirapkitHeepirittharat t af t er
consi derl ng speci fication and the, acc anyin rawi ngs .whi ch .di scl ose
e prREE GF A5 TS S et isn e e St e pved i e ARt on

vari atwl-ﬁ.rhfh and @ Y 1USAXRNGrARP IHE AtHO NS At ki &o1depart fromt he
spirit and scope of the invention are deened to be covered by the

invention, which is to be limted only by the clainms which foll ow



WO 2011/ 022426PCT/ US2010/ 045796 17 CLAIMS What is clained is: 1. A
systemuseful for training soldiers in the operation and use of a grenade
| auncher Wewvbing2a2body and a barrel, which conprises: PCT/US2010/08379¢ ng

assenbly capabl e of being rotatably attached to the body of the |auncher,

conprising: a housing; a variablé output laser within the housing to
produce a | aser beam al ong a | ongi tudi nal axis; a shaft extending

t hrough the housing to the bqd f _the.grenade | auncher; a notor
wi t hin the housing that engageé—ghé—ghgft and is capable of causing the
housing to rotate about the shaft; at | east one sensor within the
hOUS|§§1 att ched Q the hou5|ng to detect rotation of the housing,
trigg %ﬁn avi tational direction; and a control unit

wi thin the hou3|ng or attached to the housing and operationally connected
to the | aselr., tAhesyastteIme%sstefcl)ﬁe e1:‘nStcg:‘raz.nair}'xdg tshe.l.cfmetrosr 'in q:qle operation
and use of a grenade launcher having a body and a barrel, which

comprises:

a training assembly capable of being rotatably attached to

the body of the launcher, comprising:
a housing;

a variable output laser within the housing to produce

a laser beam along a longitudinal axis;

a shaft extending through the housing to the body of

the grenade launcher;

a motor within the housing that engages the shaft and
is capable of causing the housing to rotate about the

shaft;

at least one sensor within the housing or attached to
the housing to detect rotation of the housing, trigger pull,

and/or gravitational direction; and

a control unit within the housing or attached to the
housing and operationally connected to the laser, the at

least one sensor, and the motor; and

at least one sensor to detect laser energy at a target site.



WO 2011/ 022426PCT/ US2010/ 045796 18 2. The systemof claim1, wherein
a power source is in comunication with each of the control unit, the

| aser, arwiotzhe/0ro826r . 3. The system of claim 1, WRAEUS2100559¢ aser
has a focal array to direct the |aser_beam 4. The systemof claim
1, wherein the control unit records ah8 measures an angl e between the

| ongi tudi nal axis of the housing and the barrel elevation, the initiation

of a bl ankzor j,ul at%d trﬁiﬁ%ﬁr pull, v&{ld t.he direction q_j earth gravity.
5. The syst%em of cISHHE Uh&r &M the TIEHHG &EEGHIPIES dtcatdbl y

at t acheshnfin icHIRH of H10 ddvh ek ddiplenaia | aiHiCRiser, and the The
systemof claim5, wherein the training assenbly is attached or connected

t hr oudiP¥®*onnect or. 7. The systemof claim1, wherein the training
assenbly initially is positioned so that a |ongitudinal axis of the
training assenbly and/or the |aser beamis substantially parallel to a

| ongi t udi n@- axdhe cfystem |of radjaim 1, whegeithdhg diagarthas & focalnher ein

t he C(g]:trra?) égﬁiéidﬁiescf_gq:q{eat]{avsegryfbce%?rgect ed to the laser, the notor, and the

sensors. e systemo im1l, wherein two or nore sensors to
detect | aser energy are positioned at an intended target area. WO

2011/ 022426PCT/, 2(%%5%){ 57 . .The .sys of i v]y_tzﬁ[ei n
as the t ra?ln'i ng';Il]311 %ew cei-'%?;noto?ift6 ecil %\lén t]He nge%\?a-ﬁ (;q:r%'1 e:/)fctot%:?er %laﬁjgrlglénstl]étce? a | aser
beam hirids nas e STErE HBRf1XO MR iwedre gilat dlorgyitiietienslf Wxifd o€ the

housing and the barrel elevation, the initiation of a blank or

simulated trigger pull, and the direction of earth gravity.

5. The system of claim 1, wherein the training assembly is
rotatably attached or connected to the body of the grenade

launcher.

6. The system of claim 5, wherein the training assembly is

attached or connected through a connector.

7. The system of claim 1, wherein the training assembly
initially is positioned so that a longitudinal axis of the
training assembly and/or the laser beam is substantially parallel

to a longitudinal axis of the barrel.

8. The system of claim 1, wherein the control unit is

operatively connected to the laser, the motor, and the sensors.

9. The system of claim 1, wherein two or more sensors to

detect laser energy are positioned at an intended target area.



11. The systemof claim1l, wherein the training assenbly is positioned or
noves in the x-direction to sinulate expected drift due to at | east one of

t he i nertwea 20fr/keebal 1i stics and w nd. 12. The $¢ItUSA10/047b@I M 1,
wherein the | aser conprises a | ower power |aser suitable for emtting
useful radiation. 13. The syst%?n of claim1l, wherein a shaft extends

or conprises through a connector nenber to connect the training assenbly to
t he body of gr.enade |.auncher.. . 4. The s em.of_ .cl.aim wherein a
otor 1 LA PRy SR g s ‘IR AT e T e g
assentdotdted datthaaeldaided.of the takyetlhg tw/StEMadercitiai hitsherein
the notor and shaft are configured so that the training assenbly can rotate
anay fAEmoF MaHe EANSAEH D adie e maddqeasfddr £i4e t he x-directi on.

16. The systemof claim1l, wherein the axis of device rotation and bore
alignment are configured to sinulate drift as the training assenbly
deflects. 11. They syptempf ahagm d aivhereithdhE traiqigenssysenbls He

traini . %63 . | reci.i f earth.: Ly, i {i:Q4)L or
el evat’ or?'q%’f%q-{%ie X ai 31%;?3 lglts]g:e}%olxs(&alsr%&otqrrfélr g._ré, to %ﬁée\/orﬁ%%ot%qf t#erll%

el evatduen taf dathddamtgeinesidfe, tHehedmria @ff tthe DADlistics and wind.

2011/ 022426PCT/ US2010/ 045796 20 assenbly to the bore el evation, novenent or
the rate of novenment, and/or the initiation of a blank or simulated trigger
pul | . 121.8. Thehaijyidnofoft rdidiinthd ,awherdiin dital laser reaonprgrsaace

| auncher, which cqnprises the steps of: . provi di ng..a grenade | auncher
havi ngd ¥SfameLi@seh it takl & iitding asatudgRasiaF 9™ ni ng
assenbly rotatably attached to the body of the grenade |auncher;

ai mng the grenade | auncher in _an intended direction, and aimng the

trai ni ng assenblfpe Fustem afe dididttli oherpitha RATE GRESRES AT and t he

trai nidgASSRIP ch Yy Y Udithd dt AN ntlned! 85 BYHMICt the training
assembly to the body of a grenade launcher.

14. The system of claim 1, wherein a motor in the training
assembly engages the shaft to enable the training assembly to

rotate as intended.

15. The system of claim 1, wherein the motor and shaft are
configured so that the training assembly can rotate away from a

vertical plane of the grenade launcher, in the x-direction.

16. The system of claim 1, wherein the axis of device
rotation and bore alignment are configured to simulate drift as

the training assembly deflects.

17. The system of claim 1, wherein the sensors in the
training assembly measure the direction of earth gravity, the
position or elevation of the training assembly as compared to

horizontal or the elevation of the target site, the angle of the



pulling a trigger of the grenade | auncher to sinulate a firing; and

after firing, rotating the training assenbly at a rate corresponding to the
post firiwe20tiaj2eebory of a projectile or cartridge andPCOUS20100#E796
corresponding to the tine it would take a projectile to land at a target

ar ea, t her eby causing the | aser?Beam to actuate at |east one sensor
at the target area.

assembly to the bore elevation, movement or the rate of movement,

and/or the initiation of a blank or simulated trigger pull.

18. A method of training an individual to fire a grenade

launcher, which comprises the steps of:

providing a grenade launcher having a barrel and a body and
comprising a laser-equipped training assembly rotatably attached

to the body of the grenade launcher;

aiming the grenade launcher in an intended direction, and
aiming the training assembly in the same direction, so that both
the barrel and the training assembly are pointed in an elevated

manner,;

pulling a trigger of the grenade launcher to simulate a

firing; and

after firing, rotating the training assembly at a rate
corresponding to the post firing trajectory of a projectile or
cartridge and for a time corresponding to the time it would take

a projectile to land at a target area,

thereby causing the laser beam to actuate at least one

sensor at the target area.



