1 DESCRI a&g%%bﬁgER SMALL ARMS TRANSNITTER TECHNI CAL FI ELDp ?
invention relfates to mlitary training equipnent, and nDre partlcu arly,
o a laser transmitter nounted on a rifle for use by a soldier in war
‘yanes. BACKGROUND ART For many years the arned services of the United
States have trained soldiers wwth a nultiple integrated | aser engagenent-
system (M LES). A laser 10 snmall arns transnmitter (SAT) is affixed to the
stock of arifle such as an ML6. Each sdl dier carries detectors on his

hel met and on a body harness adapted to detect a laser "bullet” hit. The
soldier pulls the trigger of his or her rifle to fire a blank to sinulate
the firing of an actual round and an audi 0 sensor triggers the SAT. 15

It is necessary to align the SAT sod@_g_c%#im)l di er can accurately hit the
€

target once he or she has it |located In ~conventional rifle sights. In
t he past an LASER SMALL ARM SMITTER
CAL FIELD

_ The present invention relates to military training equipment, and more
5 partlcularly, to a laser transmitter mounted on a nﬂe for use by a soldier in war
games.

BACKGRO ART
For many years the armed services of the United States have trained
soldiers with a multiple integrated laser engagement system (MILES). A laser
10  small arms transmitter (SAT) is affixed to the stock of a rifle such as an MI6.
Each soldier carries detectors on his heimet and on a body hamess adapted to
detect a laser "bullet” hit. The soldier pulls the trigger of his or her rifle to fire
a blank to simulate the firing of an actual round and an audio sensor triggers the
~ SAT. - |
15 Itis necessary to align the SAT so that the soldier-ean accﬁrately hit the
target once he or she has it located in the conventional rifle sights. In the past an
early version of the SAT was bolted to the rifle stock and the mechanical sights
of the weapon were adjusted to align with the laser beam. The disadvantage of
this apprea_ch is that the inechanical weapon sights must be readjusted in order to
20 - use the riﬂe with live rounds. To overcome this disadvantage the conventional
- SAT now in use mcorporates mechanical linkages for changing the orientation of
the laser.
Thepnorartsmallarmsahgnmentﬁxture(SAAF) usedbytheUS Army
for ahgnment of the conventional MILES SAT consists of a complex array of one
25 hundred forty-four detectors which are used i in conjunction with thirty-five printed
circuit boards to determine where the laser hits with respect to a target reticle.
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early version of the SAT was bolted to the rifle stock and the nechani cal

si ght s of wénesamgpon were adjusted to align with the | aser pregwsosdkess

di sadvantage of this approach is that the nechanical weapon sights nust be
readjusted in order to 20 use the rifle with live rounds. To overcone .
t hi s di sadvant age the conventional SAT now in use incorporates nmechani cal

I'i nkages for changing the orientation of the |aser. The prior art snall
arnms alignment fixture (SAAF) used by the U S. Arny for alignnment of the
conventional MLES SAT consists of a colrrj’pl ex array of one 25 hundr ed
forty-four detectors which.are used in conjunction.wth thirty-five printed
circuit boards to determine where the laser hits with" respect to a target
reticle. 2 The difficulty in using the prior art SAAF is that the

sol di er ai ms (e diffiewlty incusing the prioeartrSA4F inithat the sthertgmtslhlé onghedr s
away W t hout the usetﬁlf a st bl e. gthr%n{ygﬁveme&rs@w%m%ﬁoustththe gaﬁ fires

his or her wedP6HR
platform. In many cases, the soldier fires his or her_ weapon in a manner which

results in the aim point not being at the desired locafi’_oh. The fact that the array
5 - is located twenty-five meters away from the soldier introduces visibility limitations

due to snow, fog, wind and poor lighting condiﬁongs,isi sunrise or dusk.

The prior art SAAF calculates the number of error "clicks" in both azimuth
and elevation. The number of clicks is then drsplayed on the prior art SAAF using ‘ '
four sets of electro-mechamcal display indicators. The soldier must then turn his

10 conventional SAT’s adjustors the correspondmg number of clicks in the correct

' direction. He or she must then aim and fire the weapon agam and make additional
correspondmg adjustments Th1s iterative process con’anues until the soldier
obtains a zero mdlcauononthepnorartSAAF Thxs is a very time consuming
and tedious process due to normal aiming errors mcurred each time the soldier has

15 to reacquire the target reticle. It is not uncommori"fo’r a soldier to take fifteen
minutes to align his or her weapon to the best of hls or her ability and still not
have it accurately ahgned. ’

Not only is the a.hgmnent process utlhzmg the prior art SAAF time
consuming, it also expensive because a large amount of blank ammunition must

20 be used. The laser of a conventional SAT will not ﬁre without a blank cartridge

' belng ignited or by using a specml dry fire tngger cable. The pnor art SAAF does
not support optical s1ghts drfferent small arms weapon types, nor mght vision
devices. Nor does the pnor art SAAF accurately venfy the laser beam energy and
encoding of the received laser beam.

25 It would therefore be desirable to prov1de an lmproved SAT which would
eliminate the need to utilize a large target array. Such a SAT would also
preferably be autom_atlcally adjustable for more raprd and accurate alignment. In

 addition, preferably the laser output of the improved SAT could have different
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time consumn | ous process -due to nor almng errors Incurred

each tinme the d:isd:rdnmatekbetwdﬁhtsma@bmdlfferemrmdlaargst reticle. It is not
unconmon for a soldier to take fifteen mnutes to align his or her weapon
to the best of his or her ability and still not have it accurately aligned

Not only is thpiRti@ OFP lizing the prior art SAAF time
consumi ng, it al'so expensive because a | arge anount of blank ammunition ,
must 20~ be used. zkn@rdusbm1tosthemmmqushofthsmﬂmvmnft¢pmvwdetmut a

blank cart rg dgﬁnproved laser small arms transmitter for use in a multiple integrated laser

engagement system.
The present invention provides a laser transmitter that can be mounted to
a small arms weapon. The laSerﬁansmitterhasaldserenergizableto emit a laser
~ beam generally along the aim of the weapon. An alignment head of an electro-
10  mechanical alignment system is connectable to the laser transmitter for adjusting
the transmitter to steer the laser beam in azimuth and elevation until the laser beam
is substantially aligned with a boresight of the weapon.

BRIEF DESCRIPTION OF DRAWING
| | The objects advantages and features of this invention will be more readily
15 . apprecxated from the following detailed description, when read in conjunction with
the aocompanymg drawing, in whxch
Fig. 1A is a perspective view of a soldier aiming h1s or her nﬂe in an
automauc player identification small arms laser alignment system
. Fig. 1B is a side elevatlon view of the ahgnment system of F1g 1A w1th
20 portions broken away to reveal further details.
' Fig.2isan enlarged ﬁ'ont elevation view of the dxsplay panel and switches
of the control unit of the ahgnment system of F1g lA and 1B.
Fig.3isan enlarged exploded perspecnve view of a preferred embodlment
of our small arms n‘ansmltter (SAT) whxch is mounted on the rifle shown in Fig.
25 1A and 1B.



being ignited or by using a special dry fire trigger cable. The prior art

oipoport optical sights, different small ar nspeggs8pRsisypes,

SAAF doesydiodss
Nor does the prior art SAAF accurately verify the

nor ni ght vision devices.

-l aser beam energy and encoding of the received | aser beam 25
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Fig. 5A and 5B are side and front elevation views of the alignment head
of the alignment system of Figs. 1A and 1B. '

It

preferably thed aser output of the inproved SAT

Fig. 6 is a diagrammatic illustration of the lens, beam splitter, target reticle

and position sensor detector of the optics unit of the alignment system of Fig. 1A

and 1B.

Fig. 7 is an overall block dragram of the ahgnment system of Fig. 1A
and 1B.

Fig. 8 is a block dxagram of the optical output power and code accuracy
verification circuit of the control unit of the alignment system of Fxg 1A and 1B.

BEST MODES FOR CARRYING OUT THE INVENTION
Referring to Flg 1A and 1B, the preferred embodlment of our invention

is illustrated in the form of a laser small arms transmitter (SAT) 12 bolted to the

stock of a small arms weapon 14 such as an M16 nﬂe for subsequent use by a
solder in war games. Our SAT 12 s deslgned to be automatically adjusted by an
alignment system 10 wluch includes a rectangular hollow transit case 16 whxch is
horizontally oriented when in use. A lockable hmged end cover 18 of the case 16
may be swung upwardly to reveal a control unit 20 mounted to the inside thereof.
A soldier 21 aims the weapon 14 inside the case 16. The soldler 21 wears a
helmet 21a and a harness 21b equipped with laser detectors which detect laser
"bullet" hits in subsequent war games. The control unit 20 _includes a box-like
housing 22 (F ig. 2) having an LCD display 24. The housing 22 also has a keypad
in the form of a membrane switch panel ‘This switch panel surrounds the display
24 and includes pressure-type switches 26, 28, 30, 32, 34, 36 and 38.

A retractable sliding rack 40 may be extended horizontally from the rear
end of a base unit 42 (Fig. 1B) mounted to the bottom wall of the case 16. A

)

i nvention may



OP El ectrgy $4 | ndustries Limted published 11 August 1 s dgSURE
OF | NVENTI Cﬁg&icordl ngly, it is the primary bject of the p?lg%gﬁtgsl nventi on
to provi de an inproved |aser snmall arns transm for use in a nultiple

I ntegrated | aser 10 engagenent system The present invention provides a
| aser transmtter that can be nmounted to a small arns weapon. The | aser .
transmtter has a |aser energizable to emt a |aser beam generally al ong
the aimof the weapon. An alignnment heads of an el ectro- nmechani cal
alignment systemis connectable to the |aser transmtter for adjusting 15
the transmtter to steer the |aser beamin azimuth and el evation until the
| aser beamis substantially aligned with a boresight of the weapon. BRI EF
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system in a vise 48 on the rack 40. The vise 48 has knobs 50 and 52 for manua.lly

~ 5 - adjusting the azimuth and elevation, respectively, of the barrel 44 of the rile 14.
After mounting the rifle 14 on the weapon rest 46 and vise 48, the soldier 21 (Fig.
1A) aims at an image of a target reticle 54 (Fig. 6) projected in the line of sight
of the weapon as hereafter described in detail.

A box-shaped optics unit 56 (Figs. 1A and 1B) is rigidly mounted on the

10 forward portion of the base unit 42 (Fig. 1B). The optics unit 56 includes a convex
lens 58 (Fig. 6) and a beam splitter 60. The beam splitter 60 is transparent to
infrared light from the SAT 12 but reflective to visible light. The target reticle 54
(Fig. 6) is mounted inside the optics unit 56 below the axis of the laser beam. The
beam splitter 60 is positioned forward of the lens 58 and is angled at forty-five

15 degrees to project the image V of the target reticle through the lens 58 at infinity.
A position sensor detector 62 in the optics unit 56 receives the laser beam L2 and
generates an error s1gnal representative of a displacement between a received
location of the laser beam and the image of the target reticle. The SAT 12 is then
adjusted until its laser beam L2 strikes the center of the detector 62.

20 A eontrol circuit inside the control umit 20 (Fig. 1) is connected to an
alignment head 64 which is mechanically coupled with a rear end of the SAT 12
bolted to the rifle 14. The control circuit causes the alignment head 64 to
repetitively trigger the laser in the SAT 12. Utilizing the error signal, the control
circuit causes the alignment head to independently rotate a pair of wedge prisms

25 66 and 68 (Fig. 3), each including a surrounding spur gear, in the SAT 12 to steer
the laser beam in azimuth and elevation until the laser beam is substantially
aligned with a boresight of the barrel 44 of the weapon.




Fig. 1B is a side elevation view of the alignnent systemof Fig. 1A wth
porti ons wookaoz2away to reveal further details: 25 PCTGS95/05253 s an
enl arged front elevation view of the display panel and sw tches of the
~control unit of the alignenent systemof Fig. 1A and 1B. Fig. 3 is an

enl arged expl oded perspective view of a preferred enbodi nent of our snall
arnms transmtter (SAT) which.is nounted on the rifle shown in Fig. 1A and
1B. REPLACEMENT SHEET 4 Fig. 4is a
diagrammatic illustration of |aser bean%t eer using optical wedges. Fig.
5A and 5B are side and front elevation views of the ali gnrrent head of the
al i gnnent system of Figs. 1A and 1B. 5 Fig. 6 is a di agramati c

illustration of the I ens, beamsplitter, target reticle. and position sensor
detector of the opThe alignmentosystame H) ingynbat useglsfasnths awtogatic sboresight

~ alignment of all U.S. mlhtary specified small arm weapons and machine guns with
unlimited adaptabxhty to new weapons. The automanc operauon of the system
assures rapid (less than one mmutc), accurate and consistent boresxghtmg of the
5 ISAT 12 after a smgle initial sxghtmg of the weapon 14 by the soldier 21. Use of
the sighting vise 48 assures that optical sights and night vision devices on the
weapon 14 will not interfere with the boresighting process. The entire alignment
system 10 is contained within theruggedu'anmt case 16 which also servesasasun
~ and foul weather shield. The 'alignhieht system 10 does not use blank ammunition
10 during the alignment process and therefore it may be used at any location such as
| indoors on a table top. - The initial set up of the alignment system 10 involves
" three simple steps which include installation of battery into the control unit
‘housing 22 (Fig. 1), activdting the BIT switch 30 (Fig. 2) and selecting the weapon
type to be ahgned by depressmg the switch 34. The dlsplay 24 will give
15  appropriate text messages and du'ectlons to the operator as to how to proceed to
the next step. Once the ahgnment system 10 is ready for allgnment the soldier 21
follows the directions on the display 24 to align his or her weapon. The typical
sequence is as follows:
a) The soldier attaches the ahgnment head 64 to the laser small
20 arms transmitter (SAT) 12;
b) ' The soldier places his or her weapon in the SIght vise 48 and'
front weapon rest 46; '
c¢) The soldier aims his or her weapon at the image of the
| xllummated target reticle 54 visible in the optics unit usmg the
25 slghtmg vise azimuth and elevation adjustment knobs 50 and 52;
d) The soldier depresses the proceed switch 28 (Fig. 2) .and follows
the instructions on the display 24. The weapon type is selected by



‘and 1B. Fiyggodj3d184 @an overall bl ock di agram of the alignnmentpéypbegseds Fi 9.
1A and 1B. 10 Fig. 8 is a block diagramof the optical output power

and code accuracy verification circuit of the control unit of the alignnent
system of Fig. 1A and 1B. BEST MODES FOR CARRYI NG OUT THE | NVENT] ON -
Referring to Fig. 1A and 1B, the preferred enbodinent of our invention is
ifTlustrated in the formof a laser small arnms transnmitter (SAT) 12 bol t ed
to the 15 stock of a small arns weapon 44 such as an M6 rifle for
subsequent use by a solder .in war ganes. Qur SAT 12 is designed to be
automatical ly adjusted by an alignnent system 10 which includes a
rectangul ar hollow transit case 16 which is horizontally oriented when in

~use. A lockabl e hi ndepgessing tho¥@itchl 84 Gt thé8ppaptatd tintein Ag aupwardly to
reveal a control unit.20 nobunted to the inside thereof. A soldier 21

ai ms the weapon 14-1WESQBthh@ﬁBbEe 16. The soldler 21 mears a hel net 21a -
S s quen: “TREGubt bl 3y i hcrb B wt ek oo o o 0
housing 22 (Fig. 2)conéreél tgit abudisgd22h spl ay 24. The housing 22 also has a
keypad 5 1) The soldier waits for an "ALIGNMENT COMPLETE" message
on the display 24 which will occur less than one minute later; and
- 8) Thesmkﬁmrumunmsthevwmponihxntheaﬁgnnmmtsyﬂmm
followixig an alignment completion instruction.
In the event any problems are encountered by the alignment system 10
10  during the alignment process such as low power, incorrect laser coding or
triggering problems, the system will inform the soldier that the weapon’s SAT 12
1sdeﬁmﬁveandtuxdsﬂobetephwai _ | |
The overall operation of the allgnment system 10 is illustrated in the block
diagram of Fig. 7. The weapon 14 is mounted in the sxght vise 48 with the
15  alignment head 64 attached to the SAT 12. The optics unit 56 includes the
~ illuminated target reticle 54 at which the weapon’s sights are aimed. When the
align switch 26 (Fig. 2) is activated the control unit 20 causes the SAT 12 to be
repetitively triggered while monitoring the SAT’s fire LED (not illustrated)
nmumwdbdﬁmdavﬁmmnw70(Fn;3)hnkmnnibrpuum:opmmﬁon.Thcommm
20  unit 20 senses the location of the laser and sends that data to the control unit 20
which in turn determines the ,amout_it of correction needed. The control unit 20 in
' turn causes the alignment head 64 to make the necessary adjustments to the SAT
12. The process continues in real time until the SAT 12 is precisely aligned. The
control unit 20, in conjunction_with_ the optics'unit 56, also checks for laser power -
25  levels, laser codes and that the SAT’s alignment optics are performing as desired.
~ The five major sub-assemblxes of the ahgnment system 10 are dxscussed in further
" detail hereafter.



in the formof a nmenbrane switch panel. This switch panel surrounds the

di spl ay Zjg9sdeh2@nd i ncl udes pressure-type switches 26, 28pcpRsosioresss4. 36
and 38. Aretractable sliding rack 40 may be extended horizontally fromthe
rear end of a base unit 42 (Fig. 1B) nounted to the bottomwall of the case
16. A 5 barrel 44 of the rifle 14 is firmy supported on the apex of. a
rigid triangul ar weapon rest 46 whose base is securely nounted via bolts to
an internmedi ate portion of the base unit 42. A trigger guard (not visible)
of the rifle 14 is mounted in a vise 48on the rack 40. The vise 48 has
knobs 50 and 52 for manually 5 adj usting the ‘azimuth and el evati on,
respectively, of the barrel 44 of the rile 14. After nounting the rifle 14
on the weapon rest 46 and vise 48, the soldier 21 (Fig. 1A) ains at an

i mage of a target Tisdopticeuhié 56 (Figs. 1B) ipthe assembly which peojedtsithedliurningtetl of t he

D 38 " i ot b g e s i 9%
weapon’s laser beam with respect to the reticle. The illuminated reticle 54 assists
the soldier 21 in boresighting during reduood lighti_tig conditions such as dusk or
5 dawn. Fig. 6 illustrates the operitioh of the pnncxpal _componénts of the optics
unit 56. The single large convex lens 58 serves the function of collimating and
focusing the laser beam to a spot at the longitudinal_ poSition sensor detector 62

which is located at the focal .po_int of ﬂie lens 58. When the imgle of incidence to ‘

the lens 58 of the laser beam isnot perpendicular (mi_s_.-al_igned) the position of the
10 spot on the detector 62 is offset. The detector 62 passively quantifies the amount
of offset and sends the error to the control unit 20. - The detector is preferably a
solid state device such as a quad-detector or it may be a linear detector with an
analog output. Within the path of the laser beam is the beam sphtter 60 which is
reflective to visible light whlle allowing the infrared light from the laser to pass
15  through the same. The beam splitter 60 is suppo_rted at a forty-five degree angle
“to project an image of the target _rétiélér 54 through the same lens as the incoming
laser. The sighting target reticle 54 is illuminated by a visible light source such
as an LED 72 and is positioned such that the projected image is on the same
optical axis as the zero poiot of the position sensor detector 62. No field
20  adjustments of the optics unit 56 are required and the system 10 need not contain
any electronics other than the detector 62 and the LED light source 72 for
illuminating the target reticle 54. - o
An L-shaped protective barrier 74 (Fig. 1) is rigidly secured via bolts to the
base unit 42 between the tip of the barrel 44 of the weapon and the optics unit 56.
25 It prevent_s the soldier from inadvertently striking the lens 58 of the optical unit
with the barrel 44 when .mount'ing. the rifle 14 on the weapon rest 46 and vise 48.
The barrier has a hole therethrough covered by a metal screen 76 for allowing the |
loser beam, which may be eight millimeters wido to pass through the same to the



10 forwa%gg%i#on of the base unit 42 (F| g. 1B). The opt igernsvsiosixs
I ncl udes a convex lens 58 (Fig. 6) and a beamsplitter 60. The beam

splitter 60 is transparent to infrared light fromthe SAT 12 but reflective
to visible light. The target reticle 54 (Fig. 6) is nounted inside the
optics unit 56 below the axis of the |aser beam The beamsplitter 60 is
positioned forward of the lens 58 and is angled at forty-five 15 degrees
to project the image V of the target retdicle through the lens 58 at
infinity. A position sensor.-detector 62 in the optics unit 56 receives the
| aser beam L2 and generates an error signal representative of a '

di spl acement between a received | ocation of the |aser beam and the i mage of

the target retoptiteunif56. ¥Masslct somel dther sulidrdneparent ¢oveting forathe rholemay L 2
strikes the center of the detector 62. 20 A control circuit 1nside

the control uiot bodesitablg beaguse i couldheceme dirty, attenyate;thedaser beammy o deflpgtch i s
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64 contains an inductive coil 78 (Fig. 5A) whxch is used to trigger the SAT’s laser

- and if requested via switch 30 (Fig. 2) transfers a testing player identification

(PID) to the SAT. The head 64 also has a detector 80 which monitors the SAT’s

10 fire LED 70 to determine its operational status. Two miniature reduction geared
motors 82 and 84 (Fig. SB) and an associated offset gear trains 86 and 87 within
theaﬁgmmmnlmad64amnmzdu)nnmenoﬁsﬁpcmmpmmﬁ(mMHdﬁbkoone;mh
of geared shafts 118 and 120. The couplings fit over the ex_ids of the SAT’s
adjustment shafts 106 and 108. The alignment head motors 82 and 84 are driven

15 and controlled by the control unit 20 during the boresighting process while the

| optics unit 56 senses the SAT’s laser and provides real time feedback to the
control unit 20,
The laser small arms transmxtter (SAT) 12 (Fig. 3) mcludes a housing
_ assembly 88 with a removable cover assembly 90 which forms a rear end thereof.

20 A laser diode assembly 92 is mounte_d within the housing assembly 88 and is
energized by a power circuit on a controller board 94 also mounted within the
housing essembly' 88. The power circuit is actuated to energize the. laser diode
assembly 92 by an inductive switch 96 mounted to the inside of the rear cover
assembly 90. The inductive switch is actuated by energlzanon of the induction

25 coil 78 (Fig. SA) which overlaps the top on the housing assembly 88 (Fxg 3)in
ahgnnmmmvnﬂlﬂm1mmumweswudh96

The forward end of the SAT housmg assembly 88 (Fig. 3) is formed with
| holes 98 and 100. An audio or optical sensor (not musu'ated) for detecting the



aligned with a boresight of the barrel 44 of the weapon. 6 The al i gnment
system 10wowsisexasused for the autonatic boresight alignnenpcofusssids2ss S.
mlitary specified small arm weapons and machi ne guns with unlimted
adaptability to new weapons. The automatic operation of the system assures
rapid (less than one mnute), accurate and consistent boresighting of the 5
SAT 12 after a single initial sighting of the weapon 14 by the sol dier 21.
Use of the sighting vise 48 assures thié optical sights and night vision
devices on the weapon 14 will not interfere with the boresighting process.
The entire alignment system 10 is contained within the rugged transit case
16 which al so serves as a sun and foul weather shield. The alignnent system
10 does not use blank amunition 10 during the alignnent process and

therefore it firing ¢fen blanki cantridgeyisilocated iarthe k=Hx)mnbﬁmmgwunkumpabMBﬁtop
i ch' i nel uddm e Parroller onde S R argben e QYR BE Pyl pisblge or° °PS
the beam from the laser diode assembly 92 is mounted in the other wmdow 98.
 An optical sleeve 104 is pos_ltlone_d behind the window 102. The optical wedges
'5 66 and 68 are rotably supported behind the window 102 for independent rotation
via drive shafts 106 and 108, respectively. The forward ends of these shafts have
pinion gears 106a and 108a for engaging toothed penpheral (spur gear) portions
of the optical wedges 66 and 68, respectively. The drive shafis 106 and 108 are (
journaled in bearings such as 110 and 112. The rear ends of the drive shafts 106
10  and 108 extend through holes (not visible) in the rear cover assomhly 90 which are
sealed by O-rings 114 and 116 These shaft ends are protected by a ngld flange
90a that extends perpendlcularly from the rear cover assembly 90.

When the alignment head 64 (Flgs. SA and SB) is ooupled to the rear cover

assembly 90 of the SAT 12, the hon_-slip couplings (not visible) on the geared
15 shafts 118 and 120 (Fig. 5B) of the alignment head 64 connect with the ends of
the shafts 106 and 108 to provide driving connections to the motors 82 and 84.

Fig. 4 illustrates diagrammatically the steenng of the laser beam B by
mdependent rotation of the optlcal wedges 66 and 68 via motors 82 and 84 of the
alignment head 64. (hnumlwuhﬁsnmytwnmwdasbammenngekmmnm1n'

20 optical systems. The nnmmum deviation or deflection expenenced by a ray or
beam in passing through a thin wedge of apex angle 0, is approxlmately given by
6,=(m-1)8, where n is the reflective index. The "power” (_A) of a prism is

measured in prism diopters, a prism diopter being defined as a deflection of lem
at a distance of one meter from the prism. Thus A = 100 tan(o,,)

25 By combxmng two wedges of equal power (equal devratton) in near contact

' and independently rotatmg them about an axis roughly parallel to the normals of
their adjacent faces, a laser beam B passing through the combmatlon can be
steered in any direction, within a narrow cone, about the path of the undeviated

|->




housi ng 223y6bkMe124) . activating the BIT switch 30 (Fig. 2) peguseddssss ng
the weapon type to be aligned by depressing the switch 34. The display 24

will give 15 appropriate text nessages and -directions to the operator as
Yo how to proceed to the next step. Once the alignnent system 10 is ready
for alignnment the soldier 21 follows the directions on the display 24 to-
~align his or her weapon. The typical sequence is as follows: a) The sol dier
attaches the alignment head 64 to the |dder small 20 arns
transmtter (SAT) 12; b) The soldier places his or her weapon in the sight
vise 48 and front weapon rest 46; c) The soldier-ainms his or her weapon at
the inmage of the illumnated target reticle 54 visible in the optics unit
using the 25 beam. Thei gigulargradiuseofathisrcotie §s)dpprorinztelp nf,adApex rangle isnobs

T bl i BB e o o B o
wedges. As a result of the melt-to-melt index tolerance, deviation angles
(functlons of wave-length) are nommally specified.

5 " The deviation angles are specified with the assumption that the input beam
is normal to the perpendicular face. At other input angles the deviation will, of
course, be different. To determine the deviation ,angle for the same input direction
but other wavelengths, the equation is: 6, = arcsin(n sin 8,) - 6,, where 0, is the
deviation angle, Ow is the wedge angle and .n is the nominal index at the

10  appropriate wavelength. Optical wedges are available in various materials, such
s synthetic fused silica, and in different shapes and sizes.
The control unit 20 (Fig. 1A) provides the user-friendly LCD display 24
-(Fxg 2) and controls which continuously inform the user of hxs weapon status
~ while progressively mstructmg him throughout the alignment process. The control
15  unit 20 is mounted inside the transit case cover 18. The LCD display 24 can be
'easil.y read when the cover 18 is in raisecl'open position. As described above the
control unit 20 provides all controls and monitors all activities of the optics and
alignment head units 56 and 64. The front membrane switch panel with its
integral 4X20 LCD display 24 prov1des the user interface. The switch functions
20 are descnbed as follows
a) ALIGN (26) - This switch is acnvated by the soldier after he or
she has aimed the weapon’s s1ghts at the optics units target reticle.
'b) PROCEED (28) - This switch is activated any time the soldier
~ desires to move to the next altgnment step or to acknowledge a
25 displayed message.
¢) BIT (30) - Tlus switch is actlvated during initial setup of the
system to verify its ready status.



7 depressing the switch 34 at the appropriate tinme in response to a query
on the dlﬁ@b%ong) The sol di er backs away and depresses thmbsmg,m tch 26
on the control unit housing 22; 5 f) The soldier waits for an

"ALI GNVENT COVPLETE" nessage on the display 24 which wi.ll occur |ess than
one mnute later; and g) The soldier renoves the weapon fromthe alignnent
systemfollowi ng an alignnment conpletion instruction. In the event any _
probl ens are encountered by the.alignnent system 10 10 during the alignnent
process such as | ow power, incorrect | d3er codi ng or triggering problens,

the systemw || informthe soldier that the weapon's SAT 12 is defective
and needs to be replaced. The overall operation of the alignnent system 10
is illustrated in the block diagramof Fig. 7. The weapon 14 is nounted in

the sight vise 48 dji PID LIBARN (32l - Hnsrswitchlrsatseﬁtb ums&rnhdsymmﬂse SAT 12.
The optics unit 56 | rl’(ibucjetﬁe ER% 12 in order to verify that the transfer function
operators. Use of this sw1tch is optlonal and is only used if there
is some question as to the SAT of the cradled ‘Weapon bemg able
5 to accept other PIDs.

¢) WEAPON SELECT (34) - This switch is used in conjunction

with the two arrow switches 36 and 38 to select the type of weapon

to be aligned (M16A2, M2, M240 etc.). Thls selection determines |

which power levels and codes are to be venﬁed by the system.

10 f) ARROWS (36 and 38) - These sthches are used to select the
different weapon types.

The sighting vise 48 (Fig. 1B)is a stable mechamsm used to hold and aim
the weapon 14 under ahgnment. It allo_ws the soldier to boresight using any
aiming bias introduced by his method of aiming' and eliminates any weapon

15  wandering away from the aim point. The vise 48 is attached to the sliding rack
40 which retracts into the transit case base unit 42 to accommodate the different
lengths of weapons. The sight v1se 48 has both elevation and ammuth adjustment

| knobs 50 and 52 allowing the soldier to accurately mm hxs weapon’s sights at the
image of the target reticle 54. The front portion of the weapon barrel 44 rests on

20 theweaponrest4610catedmthmthetransxtcase 16 on the transit case base

- unit 42, .

The major components of the ahgnment system 10 are mtegral to the
transit case 16 which provides a secure and rugged environment during transport
and operation. The case 16 also provides a sun and foul weather shield to allow

25  the alignment process to be accomplished in any expected_em_rironment. The base
unit 42 is mounted on the bottom wall of the case. The optics unit 56, weapon
rest 46 and sliding sight vise rack 40 are attached to the base unit battery (not



P11 um nat%;?:;ogﬂz reticle 54 at which the weapon's sights %ﬁu?ﬁs’iﬂ?&:; When
C 6

the align sw (Fig. 2) is activated the control unit causes the
SAT 12 to be repetitively triggered while nonitoring the SAT's fire LED
(not illustrated) nounted behind a window 70 (Fig. 3) indicator for proper
operation. The optics 20 - unit 20 senses the location of the |aser and -
sends that data to-the control unit 20 which in turn determ nes the anount
of correction needed. The control unit 2® in turn causes the alignnment head
64 to nmake the necessary adjustnents to the SAT 12. The process continues
inreal time until the SAT 12 is precisely aligned. The control unit 20, in
conjunction with the optics unit 56, also checks for |aser power 25

| evel's, |aser (GBRY férsbwditg the Sysiéh is hdldedIHRAE tHRPbdsE Unft 42. PEhé QoMrd1Y S

desired. The five nmpjor sub-assenblies of the alignment system 10 are
di scussed in fumitt2{bis atackad torthe dnsidecof the framt Thoeerd8A.cs unit 56 (Figs. 1B)

Is the z_as_senbl y W‘“I%E. ﬁ)rlgﬁ%fécfc ciiar\]geraxinch é%%&gﬁ output power and code accuracy
verification circuit of the control unit 20. An encoding circuit 122 is connected
5 via a serial data bus 124 to a microcomputer (not illustrated). An optical bt
amplifier 126 in the path of the laser beam outputs signals to the encoding
electronics. | | |

While we have described a preferred embodimeht of our laser small arms
transmitter and its automatic adjustment by an alignment system, it will be
10  apparent to those skilled in the art that our invention can be modified in both
| arrangement and detail. Thdwﬁne,ﬂm:pumanﬁnlaﬂbnkﬂtnminvmmhnxdmnﬂd

only be limited in accordance with the following claims. |



target reticle 54 to the soldier 21 during boresighting and senses the

| ocat i on wad oddiga4\eapon’' s | aser beamwi th respect to the repdftcnsodsxad
ilTumnated reticle 54 assists the soldier 21 in boresighting during
reduced lighting conditions such as dusk or 5 dawa_ Fig. 6 illustrates

the operation of the principal conponents of the gg\ﬂﬂs SHEET 1945 BERE |Si ngl e

{ arge convex |l ens 58 serves the function of collinmgting REFiLA sing|the

| aser beamto a spot at the |ongitudinal position et-aet-aimi2l Whi ch .
t-e—ef—nei-dence
-al i

is locate focal point of the |bhs 58. Wermrthe—angte—
to the lens 58 of the |aser beamis not perpendi ¢UEAL girs: Al A0 d%i t he
posi tion 011 mmﬂmn the detector 62 is of fsqigm 462
passi vel y i wmfﬂmunt of offset and sendsEmm he
control unit 20. The" det ect or is prefELABMS a solid i uch as a
quad-detector or it may be a linear detector with an analog output. Wthin
the path of the | aser beamis the beamsplitter 60 which is reflective to
visible I'ight whilje al |k 'eq,gm?]- Yfitt sl gﬂnﬁe#ﬁ 5 ss 15
t hrough t he sane. lThe eam spl | Eutu!ee{r:I %‘Sﬂ‘ﬁ% s_%gg%?%éelgmyti a orﬁ?é/-glpilﬁil/dg@degr ee

angl e to pr ojthecfiring) of amgetualf rouhd, dompyising:eti cl e 54 t hrough the sanme |lens as
the incom ng | aser. The sighting t.ar reticle .54 is illumnated by a
visible Iight soyPc!@“?BEﬁssgg‘tbbhﬂ{‘Eﬁfagﬁ’%aiegd&} ?Wmsuch that the
proj ectedsi mage ig l%rtdi'@désﬁﬁﬁnted inside the housing assembly for emitting a laser
beam through the window§ | - |
a power circuit fmduntedinthe housing assembly and connected to the laser ‘

CITOoUT

diode for energizing the diode to cause it to emit the laser beam;
first and second optical wedges positioned between the laser diode and the
10 "window; : o _ R - |
means for supﬁértir_xg the first and second optiéal wedges for independent
rotation about a common optical axis for steering the laser beam; and

drive means connected to the optical wedge supporting means having
portions extending through the housing assembly for coupling to an alignment

15 head.
2. A laser transmitter according to Claim 1 wherein the optical wedges
having substantially equal deviation.

3. A laser transmitter according to Claim 1 wherein each optical wedge
has a first face perpendicular to the common optical axis and a second face which
20 extends at an angle relative to the common optical axis.

4. A laser transmitter according to Claim 3 wherein the first and
second optical wedges are supported with their first perpendicular faces in near
contact. ' : '



optical axy§e@sp1bde z€ro poi nt of the position sensor detecpefnSesnshes field
20 adj ust rrents of the optics unit 56 are required and the system 10 need
hot contain any el ectronics other. than the detector 62 an he |LED |ight
Source 72 for illumnating:-the target reticle .-. A Qg

barrier 74 U-Ig 1) S :'“y secured via bolt o:the base unit 4L ©

bét ween the 44 of the weapon 0

It prevent s Dﬁam ,H'ﬁ i nadvertendfy stri k| ﬁ%f the
optical uni t*vm 44 when nounting the he weapon
rest 46 and vise 48 The barrier has a hole therethrough covered by a netal
screen 76 for allowing the |aser beam which nmay be eight mllineters wde
to pass through thes sameA tlaset Inﬂnsmntﬁmpeordmtml Claith.1 Gherein die seans forher

solid transparent covering for the hoI e not be desi rabl e because it
coul d become duppartingthedirstand seepnd &eﬁ@ndmse%am and

thereby introdice (hiGtAE E@rf‘espondmg one of the wedges.

6. A laser transmitter according to Claim S wherein the drive means

5 includes first and second adjustment shafis and first and second pinion gears

" mounted on corresponding ones of the. adjustment shafts for engaging

corresponding ones of the spur gears, and the adjustment shafts having ends which

extend through a correspondmg one of a pair of holes in a rearward end of the
housing assembly for dnvmg connection to the alignment head.

10 7. A laser transmitter according to Claim 6 including a flange
| ~ extending from the housing assembly adjacent the holes to protect the ends of the
~ adjustment shafts which extend therethrough.

8. A laser transmitter according to Claim | wherein the rearward end
of the housing assembly has a second window and a fire LED mounted behind the
15  second window.

9. A laser transmitter according to Claim 1 wherein the transmitter
further comprises a sensor for detecting the firing of a blank cartridge.

10. ._A laser transmitter accordmg to Claim 1 wherein the transmitter
further comprises an inductive switch connected to the power circuit and actuable
20 by an induction coil in the alignment head to energize the laser diode.

1'1. | Alasertransmntterformountmgtoamnall arms weapon to simulate
the ﬁnng of an actual round comprising:



The alignment head 64 (Figs. 5A and 5B) is an el ectronechani cal device 5

which i swobdsspigd to the SAT 12 via a cable 65 (Fig. 1A) arcirrassseszssi cal ly
adj usts the SAT's | aser position as directed by the control
al i gnnment head 64 contains an inductive coil 78 gwﬁﬁgﬁf used to

trigger the SAT's laser and if requested via sw JM&SB&LH}gASZQ ansfers a
testing player identification (PID) to the SAT. The h

det ector 80
oper at i onal

unit 20. The

EBl so hhs a

VIR TOFHTIRA A0.7e"  Sal6 i on' ear ca motor s 82 and s ¢

Fi g.

5B) and an assdci ated dff Set *gear trains 86 and 87 within the alignnent
head 64 are used to rotate non-slip couplings (not visible) on a pair of
geared shafts 118 and 120. The couplings fit over the ends of the SAT s
adj ust nent shaf t s al@@singhssettbly having laj fgrwardtent owith ardirsirwmagwand 84 are

driven 15 and cont | ed t he. control. unit rin he or ht i
process while the? o%fq' ‘l'}ﬁ%/q gﬁ asgeéﬁ dﬁ% quﬁ/ﬁﬁ%é

. time feedbaclkyy hﬁﬁg{lmowmt 20. The | aser small arns transnitter

(SAT) 12 (Fig. 3

s mount e§' “dse} for'ehBrgtty a6 Hahek 1§§OMthélaserbeam,

10

15

20

driveable means for steering the laser beam

means for dnvxng the steering means, and

an inductive switch connected to the power circuit and actuable by an
induction corl in an alrgnment head mountable on the: housmg assembly to energize
the laser.

12 A laser transmitter aceordmg to Claim ll wherein the means for -

steering the laser beam includes first and second optical wedges positioned
betweenthelaserandtheﬁrstwmdowandmeansforsuppomngtheﬁrstand
second optrcal wedges for mdependent rotatron by the dnvmg means about a

common axis.

13. A laser transmitter according to Claim 11 wherein the housing
assembly has a rearward end with a second window and a fire LED is mounted
behind the second window inside the housmg assembly

14, A laser transmitter according to Claim 11 wherein the housing
assembly includes a hollow rectangular box and the rearward end of the housmg

assembly is a removable cover assembly

15, A laser transmitter according to Claim 12 wherein the optical

" wedges each have a first face perpendicular to the common optical axrs and a

second face which extends at an angle relative to the common optical axis.

i ng
r eal

i ncl udes a housi ng assenbly 88 with a renovable cover -
assenbly 90 whi chafmwescucmewmdmtbebomassmbhrs@mwdaMabl y 92

This Sheet Has Been Repl
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“ener gi zedghy, wer circuit on a controller board 94 al sopg@Eitegas24st hi N
t he housi ng asgenbly 88. The power circuit is actuated to energize the

| aser di ode assenbly 92 by an inductive switch 96 nounted to the inside of
the rear cover asserrbly 90. The inductive switch is acty

ener gi zat i on—of —the—i nauctlon 25 coil 78 (Fig.:5A) whi ?HK@HEEBM\&EEEN
on the housi |g 3) in alignment with the i ndRUAGEDsWI t ch
96. The foriﬂmﬂ ﬂE T housing Wdssenbly 88 (Fi'g. 3) is formed wth
hol es 98 an o*or optlcal sensor (not" i1l ustrat ed) for

detecting the 10 f|r|ng of -a blank cartridge is located in the hole 100
and connected to the circuit on the controller board 94. A transparent

p

wi ndow 102 for perp§.tti AGlapsStea@mittdr ddaerdafntd Uldim 15 avienéifi'thélifisteaissenbl y

92 is nounted in the other w ndow 98. An optical sleeve 104 |s posi ti oned
behi nd the wi sreeud eptical Predges are suppastadgwith sheir fist perpepdiculas facss dp ingar
supported beh&ﬂlqa&he wi ndow 102 for independent rotat I on

17. A laser transmltter accordmg to Claim 12 wherein the means for
5  supporting the first and second optical wedges include the first and second spur
gears each surroundmg a corresponding one of the wedges.

18. A laser transmitter according to Claim 17 wherein the driving means
mcludes first and second adjustment shafts and first and second p:mon gears
mounted on corresponding ones of the adjustment shafts for engaging

10 corresponding ones of the spur gears, the adjustment shafts having ends which
extend through a rearward end of the housmg assembly for driving connection to
the alignment head. |

19. A laser transmitter according to Claim 11 wherein the forward end

of the housing assembly includes a second window and the transmitter further

" 15  comprises a sensor mounted behind the second window for detecung the firing of
a blank carlndge

20. Alaser transmﬂter for mounting to a small arms weapon to simulate
the firing of an actual round comprising: |
| a housing assembly having a forward end with a first window and a second
20 window, and a rearward end with a third window; '
a laser diode mounted inside the housing assembly for emitting a laser
beam through the first window; '

' This Sheet Has Been Repla
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via drive shafts 106 and 108, respectively. The forward ends of theseée
shafts hayg opagyapn dgears 106a and 108a for engagi ng t oot hegfichpkesuaesial
(spur gear) portions of the optical wedges 66 and 68, respectively. The
drive shafts 106 and 108 are journaled in beari{j&i

. 1§EE‘IW]| 112. The
rear .ends ofthe drive shafts 106 10 and 108 ext@h# X Jg\aﬁé e$ (not .
vi si bl e) #+—rA—the—rear cover assenbly 90 which arle seal'ed by OTings 114 and

116. Thes rotected by a rigid T| ahg8hdds BAaRegxEENDS
perpendlc ﬂﬂi‘ﬂﬁmﬁmi mgér cover asd8nbly 90. Wh mlﬂmummnt head 64

(Fig 'e coupled to the rear cover assef SAT 12,
the non S|Ip coupl i ngs (not VISIb|e) on the geared and 120
(Fig. 5B) of the alignnment head 64 connect with the ends of .the shafts 106
and 108 to provi deapifwerlcﬁgmcmnuntedumﬁnlbusmglassembbratd&anmﬂbd&éthd:lew 4

il lustrates diagrammaticall esteerln, of. the r be
i ndependent rdieds; fos gnergizing: %!ﬁfg‘g 99“&]’&1 %ﬁaﬁ‘ﬁﬁ"t&hﬁ%ﬁrﬁnd 84

of the ali gnr@k &ead 64. Opt|cal wedges may be used as beansteering
el enents .in 2 optical systens. The .m ni num devi ation or deflection
experi enced by a ramyinductiveaswitch parmected to [the pgiven cirbuinh and dgtnable bypar angl e

et bl o e b Gy

the laser diode; _
a sensor mounted inside the housing assembly behind the second window
for detecting the firing of a blank cartridge, _ {

a fire LED mounted inside the housmg behmd the third window for
10  producing an opttcal stgnal to mdtcate to the alxgnment head that the laser diode
has been energlzed
first and second optical wedges posmoned inside the housmg assembly
between the laser diode and the first window;
means for supporting the first and second optical wedges for independent
15 rotation about a common optical axis for steering the laser beam; and
drive means connected to the optical wedge supporting means having
portions extending through the rearward end of the housing assembly for coupling |
to the ahgnment head.



r‘reasured | wapesyzemqdi opters, a prismdiopter being defined a?&?"f@%‘ﬁi on
of 1cmat a distance of one neter fromthe prism Thus A = err][. 25
By conbining two wedges of equal power (equal deviation) in-near contact,
and i ndependently rotating them about an axis roughly parallel to the '
normal s of their adjacent faces, a |aserl/beam B passing through the ]
conbi.nation can be steered in any direction, wthin a narrow cone, about
the path of the undevi ated beam The angul ar radius of this cone is
approximately [err]. Apex angle is controlled to within very tight _
tol erances in the manufacturing process of the wedges. As a result of the
melt-to-nmelt index fol erance, deviation angles (functions of wave-Iength)
are nomnally specified. 5 The deviation angles are specified with
the assunption t T Yeam is normal to the perpendicul ar face. At
ot her input angl o Wi ||, of course, be different. To

determ ne the dg the sanme input direction but other

wavel engt hs, = arcsin(n sin [err]) - [err], where
[err] is the -

FIG. 1A

21



devi ation @RQkea o herr] is the wedge angle and n is the nom pefrusosissat the
10 appropriate wavel ength. Optical wedges are available in various

mat eri als, such as synthetic fused silica, and in different shapes and
%izes. The control unit 20 (Fig. 1A) provides the user-friendly LCD display
24 (Fig. 2) and controls which continuously informthe user of his weapon
status while progressively instructing ?Minthroughout the al i gnnment
process. The control 15 unit 20 is nounted inside the transit case cover. 18
The LCD display 24 can be easil o s he—eowQr .18 is in raised open
position. As described above th mrt=mlovi des all controls and
nonitors all activities of the I nd—aki gnnenty head units 56 and 64.
The front nenbrane sw tch pgpel JT AX20 LCD display 24

provi des the user interfacedt i fungt==aas 10 are described as
follows: a) ALIGN (26) - This s i sL& ly the soldier after he
or she has ai ned the weapon's 4i{¢ units targ reticle. b)
PROCEED (28) - This switch §§~§, e sol dier sires to

move to the next alignnent 'stef { 25 .di spl ayed
message. o
L.
r\__$




c) BIT (30 sy SWtch is activated during initial setup of the system
to verify i)wtlosggrygé%‘y st at us. 12 d) PID LEARN (32) - This ' °§2;E!sed
t.,o transfer the systems test PIDto the SAT 12 in order to verify that the
« . . . . . .

transfer function operators. Use of this switch is optional and is only
used if there is some question as to thg,SAT of the cradl ed weapon being
able 5 to accept other PIDs. e) PON SELECT (34) - This switch is
used in conjunction with the two arrow switches 36 and 38 to select the
type of weapon to be aligned (ML6A2, M2, M240setc.). This selection _
determ nes whi ch power |evels and codes arg#Q be verjf~ed by the system
10 f) ARROAS (36 and 38) - These s@ '
di fferent weapon types.




The sighthng%%% 48 (Fig. 1B) is a stable nmechani smused tprifdoSnsa§ ai m

t he weapon 14 under alignnment. It allows the soldier to boresight using any

ai mng bias introduced by his nethod of aimng and elim nates any weapon 15

fvandering away fromthe aimpoint. The vise 48 is attached to the sliding

- rack 40 which retracts into the transi%,gase base unit 42 to accomobdat e.
the different | engths of weapons. The sight vise 48 has both el evati on and

azi mut h adj ust nent knobs 50 and 52 allowi ng the soldier to accurately aim

his weapon's sights at the inage of the target reticle 54. The front

portion of the weapon barrel _ n rest 46 | ocated
within the transit caseﬁég\ﬁ i \ u-+382. The nmj or
conponents of the alignfiEnt syt em. 10 are_integrag 10 transit -case 16
whi ch provides a secure and|rygged T opgent fing nsport and
operation. The case 16 al so|prlpvid &% sufranf f ul er shield to all ow

25 the alignnment process tqgde_acconp peeéPed environnent.
The base unit 42 is nountedjorfithejfbo of . The optics unit
56, weapon rest 46 qﬂg_sb?ﬁingAsig *fv eref e latTached to the base-
unit battery (not 26 28 30 32 ,ﬂl FIG. 2

./
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13 vi si bl e)Womsspmeri ng the systemis housed inside the bas$fg.&}
unit 20 is attached to the inside of the front cover .

out put power .and code accuracy verification

unit 20. An encoding circuit 122 is connected 5

contr ol

a, bl ock di agram of the opti cal

circuit of the control
via a serial

data bus 124 to a m croconputer (not

t 42. The
sgﬂPﬁ:”S S

illustrated). An optical

"bit anplifier 126 in the path of the Iasér’5beamoutputs signals to the

encodi ng el ectronics.
| aser smal |
system it wll

Whil e we have described a preferred enbodi ment of our
arns transmtter and its automati c adjustnment by an alignnent
be 10 apparent to those skilled in the art that our

invention can Re modified in_hoth arranggmrent and detail. Therefore, the
protection affg‘lr ed our i nvenﬁ“o‘nxs_h\oul d ly be limted in accordance with
the follow ng i ms. f Bl
\ S~—m 62
~—58 T s
FIG. 6 60
——54
Nz
14 56
L1, L2 :
_______ WEAPON [ YV VYV OPTICS
— SAT A YAYAYAY UNIT
. J f N
48 106, 120 i —108, 118
ALIGNMENT '
20 HEAD 64
8 78
CONTROL
UNIT [T
FIG. 7
{
- LASER  fomm—m—— g —
122 }
124 S 126 !
' |
ENCODING | OPTICAL BIT ______} :
ELECTRONICS AMPLIFIER

FIG. 8
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(54) Title: LASER SMALL ARMS TRANSMITTER \/

(57) Abstract

. A laser small arms transmitter (SAT) which may be affixed to the stock of a rifle such as an M16 used by a soldier in training with
a multiple integrated laser engagement system (MILES). The transmitter includes a housing assembly having a forward end with a window
: through which the beam of a laser diode is emitted. A pair of optical wedges are positioned inside the housing assembly between the

laser diode and the window. The optical wedges are supported for independent rotation about a common optical axis for steering the laser
beam. An alignment head may be physically mated to the rearward end of the housing assembly for driving a pair of shafts to rotate the
optical wedges in the alignment of the transmitter so that a soldier can accurately hit a target once he or she has located the target in the
conventional sights of the rifle. The laser transmitter may also include a sensor for detecting the firing of a blank cartridge, a fire LED
mounted inside the housing for producing an optical signal to indicate to the alignment head that the laser diode has been energized, and
an inductive switch connected to a power circuit and actuable by an induction coil in the alignment head to energize the laser diode.
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3. A laser transmtter according to Caim21l wherein each optical

has a first face perpendicular to the

whi ch 20
4). 4. |
second opti cal

hear contact (Figs.
wherein the nmeans for 25
i ncl udes first and second spur gears (Fig. 3),

3-4). 5.

correspondi ng one of the wedges.
Claim5 wherein the drive nmeans includes first and second adjustnent shafts

(106, 108) and first and second pinion gears (106a, 108a) nounted on
correspondi ng ones of the adjustnent shafts for engagi ng correspondi ng ones
ends (Fig. 3) which
correspondi ng one of a pair of holes in a

of the spur gears,and the adjustnment shafts having-5
extend through

6.

nmon opti cal

extends at .an angle relative . to the common opti cal
A laser transmtter according to Claim3 wherein the first and
wedges are suppor d with their first perpendicular faces.in
A laser transmtter according to Claim.l
supporting the first and second opti cal
each surrounding a
A laser transmitter acco dlng to

wedge
axi s and a second face
axis (Fig.

wedges
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rearviard end of*“PRESERHTE] Mg T8 THBFY* 2 or d
al’i gnnent head. 7. A | aser transmtter

flange (90a) extending-fromthe housing as
protect the ends of the 10 adj ustment s
8. A laser transmtter acording to C ai

the housi ng "assgiileYs RAS cbdREBORd eitdblélatie (
behi nd the second wi ndow. 9. A laser tr

wherein the trar@#ﬁ@é&l@m"cﬁ@ﬁ%ﬁh by
firing of a blank car-{-ﬁ ?,

1 wherein the transmter furt er co
connect ed to t hethpdeliowirgr caferenceschedpfiirafll)
the ali gnrrent head t ergize, the |
transnitter3for ’H’B’Gﬁﬁﬁ%lbﬁr E% ﬁ&i\f
-an actual round OP@l%ngc{‘Qpn@s htisiiad 1 35

with a first w ndow

I ving convection to the
ccording to Claimé6 including a
| y adj acent the holes to

afts which extend there rough.
1 wherein the rearward-end of
ranportiohi 6£ al MYLBSI8y®em to
nsm'tt according to aim1l .
PeRissIzR Lé’ﬁ%r for detecting the

kg iR Qe EEREH By ot
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LOSK OF INVENTION
Accordingly, it is the primary pbject of the present invention to provide an

improved laser small arms transmiétcr for use in a multiple integrated laser
10 cngagement system.

The present invention provi

a small arms weapon. The laser tran;

beam generally along the aim of the

s a laser ransmitter that can be mounted to
smitter has a laser energizable 10 emit a laser
weapon. An alignment head of an electro-

mechanical alignment system is connectable to the laser transmitter for adjusting
15 the transmitier to steer the laser beary in azimuth and elevation until the laser beam
is substantially aligned with a boresjght of the weapon.

BRIEF DESC ON _OF DRAWING
The objects, advantages and featurcs of this inventon will be more readily

appreciarted from the following detailed description, when read in conjunction with
20 the accompanying drawing, in whidh:

Fig. 1A is a perspective view of a soldicr aiming his or her rifle in an
automatic player identification smajl arms laser alignment system.

Fig. 1B is a side elevation yYiew of the alignment system of Fig. 1A with
portions broken away to reveal further details.
25 Fig. 2 is an enlarged front elevation view of the display panel and switches
system of Fig. 1A and 1B.

Fig. 3 is an enlarged exploded perspective view of a preferred embodiment

of the control unit of the alignme:

of our small arms transmitier (SAT) which is mounted cn thc rifle shown in Fig.
1A and IB. REPLACEMENT SHEET
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a | aser (93),
(B) through

inside the h
| aser to cau
steering the
and an induc
an i nduction coil
assenbly 5

-

,@w@mﬁmn dgmceudiaisi ng-
t e

Tirst w ndow, 25

assenbly and connect q4_to the | aser f
Waser bea driveabl e (

ans (106, 108) for driving
connected
(‘78

al i gnmen
to energl ze the | aser.

ssenbly for em ,
a power cir

0 the power cijrc .
(64) nountiahl e on the hou5|

A laser transm tter accore

to Claim1l wherein the neans for steerfing the | aser beamincludes first d

second optical wedges (&£ GsetiBinspitdrtfon
wi ndow and neans .(Fi g. r
wedges for i HcBERYS ta“rgﬁ?‘éflr%‘ﬁ%bgnﬁl

axi s.

10

L5

t.

a housing assembly (12) havig

ting tocesmalharnkseweapoartd sinndate r st
a:rt he first and second opti cal
i vi ng means about a 10 conmon

g a forward end with a window (98);

a laser diode (92) mounted inside the housing assembly for emitting a laser

beam (B) through the window;

a power circuit {94) mounted i
laser diode for energizing the diode

first (66) and second (68) opti
and the window;

the housing assembly and connected to the
cause it to emit the laser beam;
1 wedges positioncd between the laser diode

means (Fig. 3) for supportifg the first and second optical wedges for

independent rotation about a commo
drive means (106, 108) conn

optical axis for steering the laser beam; and
ted to the optical wedge supporting means

baving portions extending through{the bousing assembly for coupling to an

alignment head (64).

2. A laser transmitter acgording to Claim 1 wherein the optical wedges

having substantially equal deviation,

-

3. A laser transmitter ac%:ording to Claim 1 wherein each optical wedge

has a first face perpendicular to the fommon optical axis and a second face which

extends at an angle relative to the dommon optical axis (Fig. 4).

4. A laser transmitter Lccording to Claim 3 wherein the first and

second optical wedges are supportgd
contact (Figs, 3-4).

with their first perpendicular faces in near

s, A laser transmitter pecording to Claim 1 wherein the means for

supporting the first and sccond optical wedges includes first and second spur gea.rs

(Fig. 3) each surrounding a corresponding one of the wedgcs
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13.. A | aS QL el BASIAL S, xsRisii@ to C

has a rearwar
behi nd t he second wi ndow nside the hous$
transmtter according to Caim1l where

en with second wi ndow

I ncludes a holl ow rectangul ar box (88)
assenbly is a renovabl e cover assenbly

according to
per pendi cul a
an angle rel
transmtter

wedges are supported wi'th their

(Figs. 3-4)

5

10

15

Cai § 12 Aileser mansmidenpea

90)

ass

15.

m@ey

s s AR BonRond e pacg ttog

a| m 11 \AheLeJ..n_Lhe_housJ_ag—assenbl y

and'a fire LED is nou

52, <o ARIAER, .

and the rearward end of the housi ng

A Iaser transmtter :
e glryve means ce

&%ﬁfﬁﬁ%}%’%@ ARG e

ge&8 q1064)01088) ao@hmdlﬁn vhressponding emés of theaadjusteran shaity foral

engaging corresponding ones OE‘
ends (Fig. 3) which extend through

rearward end of the housing assemb]

head.

7.
extending from the housing assembly
adjustment shafts which extend there

8.
of the housing assembly has & seco;

A laser transmitter aco

t di
the dgur ears,

gnd fhe ad

corresponding one of a pair of holes in a

f.aces in_near contact

adjustment s having

y for driving connection to the alignment

A laser transmitter according to Claim 6 including a ﬂange (90a)

adjacent the holes to protect the ends of the
through.

ording te Claim 1 wherein the rearward end
nd window (100) and a fire LED mounted

behind the second window.

9.
further comprises a sensor for dete

A laser transmitter agcording to Claim 1 wherein the wansmitter

ing the firing of a blank cartridge.

10.

further comprises an inductive swi

A laser transmitter agcording to Claim 1 wherein the transmitter
ch (96) connected to the power circuit and
actuable by an induction coil (78)|in the alignment head to energize the laser

diode.

1L

the firing of an actual round incl

A laser transmitter for mounting to a small arms weapon o simulate

ing:
ing a forward end with a first window (98);
the housing assembly for emitting a laser beam

a housing assembly (i 2)

a laser (92) mounted inside
(B} through the first window;

a power cireuit (94) mounted inside the housing assembly and connected
to the laser for energizing the lasek 1o cause it to emit the laser beam; .
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17.. A laser transmtter according to {daim12 wherein tHg
supporti nQFMUhmm’mmﬁsﬂbtlc dges incl ude the|iM4EALAY COORE
spur gears (Fig—3)yeach surrounding a orrespondi ng one pflt vv-u.-- rii ox

A l'aser transm aimfigZ wherein the drfvjn ' ’
i ncl udes first %Eg“@ggm a“ﬂmﬂ nt shafts (106, 108) ard flgﬁgﬂdﬁ‘iﬁac
pi nion gears (1 a)m nount+ed ion correspondl ng ones ¢f .

shafts for engagi p ﬁ'ﬁw bedRA' S
shafts havi ng encfg’g’n"cit%ﬂ (3@,)6)&\},‘%% englt"?%rou a ’end of

assenbly for dri %qu@os;emsl) dex &nv:h@ahalaegmemeahgamd 10 19. A

| aser transmtter Clalmll éh*let n th é% réqu%g%frg{mth as@‘ﬁﬁlﬁr@ assenbl y

i ncl udes a secon®VIPAUHNEEHE R
sensor nount; g?mw SR8l Bse@ bl ank
2‘8&1&%% ol (BFivoar tt n'ﬂ‘ﬂe r 6rlr’guntl ng ?ggéﬁégﬁrr%&lﬁ%rrm \ixllejgpon to

cartridge. l'aser” trans
simul at® 15 to entipizef theilaggr.of an act uaI round said | aser transmitter
characterized by: a housing assenbly (12) having a forward end with a first
w ndow (98) and a second w ndow (100), fand a rearward end with a third

wi ndow (70); 12. A laser transmitter according to Claim 11 wherein the means for
steering the laser beam includes first .
between the laser and the first wmdo
and second optical wedges for independent rotation by the driving means about a
10 common axis.

d second optical wedges (66, 68) positioned
and means (Fig. 3) for supporting the first

13. A laser transmitter agcording to Claim 11 wherein the housing
assembly has a rearward end with 3 second window (100) and a fire LED is
mounted behind the second window Inside the housing assembly.

14. A laser transmitter ag¢cording o Claim 11 wherein the housing
15  assembly (12) includes a hollow uler box (88) and the rearward end of the
housing assembly is a removable cojver assembly (90).

15. A laser transmitter according to Claim 12 wherein the optical

wedges each have a first face perpendicular to the common optical axis and a

second face which extends at an angle relative to the common optical axis (Fig.

20 4.

16. A laser transmitter pccording to Claim 15 wherein the first and
second opiical wedges arc supported with their first perpendicular faces in near
contact (Figs. 3-4)
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a l.aser diode.(92) nounted.inside the h(L,usi ng assthi ng a | aser
beam (B) t HFrOERHFERENETMINSERIFHBHE20 a power circuirt—(-94) nount.ed
in the housing assenbly and connected t9 the Iaserm,’m rgi zi.ng the
diode to -cause it to emt the |aser beapiZ-hrough 't m’ ”MMH% o
i nductive switch (96) co nected to the power circuit ahd @ac Wy an

i nduction coil (78) in an alignnent heafd (64) nountable to the housihg

‘assenbly 25 . tojgner g ffled BehshdRE addo 't@@ﬁaﬁ@n_vmwahqﬁe!rﬁufah@%'ghe'
housi ng assenbly behind the second w ndow for detecting the firing of a

bl ank artri dgupportinglthe £irst prd sEprdnopricaliovedees dncludeethieoirst aed Bedonddptthe
third wi ndow_for .aro ' LGa ' .. [ ndi t he al.i gnnment
head that nEFhCRE o SR ndduRRink ForfteiRtind Bab BF Nl )

18. A laser transinitter acconding to Claim 17 wherein the driving means '
5 includes first and second adjustment s (106, 108) and first and second pinion
gears (106a, 108a) mounted on corresponding ones of the adjustment shafts for

engaging corresponding ones of the sgur gears, the adjustment shafts having ends
(Fig. 3) which extend through a rearward end of the housing assembly fo: driving
comnection to the alignment head. '

10 19. A laser transmitter accprding to Claim 11 wherein the forward end |
of the housing assembly includes af second ‘window (100) and the transmitter
_ further comprises a sensor mounted pehind the second window for detecting the

firing of a blank carwidge.

20. A laser transmitter forjmouniing to a small arms weapon to simulate
15 the firing of an actual round, said laser transmitter characterized by:

a housing assembly (12) havifig a forward end with a first window (98) and

a second window (100), and a rearvard end with a third window (70);
a laser diode (92) mounted inside the housing assembly for emitting a laser
beam (B) through the first window;
20 a power circuit (94) mounteq in the housing assembly and connected to the
laser diode for energizing the diode|to cause it to emit the laser beam ﬁirough the
first window,
an inductive switch (96) cornnected to the power circuit and actuable by an
induction coil (78) in an alignmenthead (64) mountable to the housing assembly
35  to energize the laser diode; |

a sensor mounred inside th¢ housing assembly behind the second window
for detecting the firing of a blank jcartridge;
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flrst and segnpd Q (6. 68
assenbl y bet wee
supporting the first and second opti cal
about a common optical axis for steerin
(106, 108) connected red to the optical
portions extending through the rearward

coupling to the akiGRMETD htaghted inside

10

S R . - T e

ﬁTm a"s"e e and th

L T Y JR SR S P Ttrd .00

)|, posi ti oned—l—nsrkde—l—hc,thusJ_ng 5

g first vmn ow neans
vvedges for t| on
g 18he | aser means

wedge supportlng neans haV|ng
end of the housing assenbly for ‘10

dlre housing behind the third window for

producing an optical signal 10 indicate(ta the alignment head that the laser diode

has been energized;

first and sccond optical wedg%s (66, 68) positioned inside the housing

assembly berween the laser diode and
means (Fig, 3) for supportin,
independent rotation about a common
drive means (106, 108) conneq
having portions extending through thg
coupling to the alignment head.

the first window;

the first and second optical wedges for
pptical axis for steering the laser beam; and
ted to the optical wed'ge supporting means
rearward end of the housing assembly for
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