1 Electronic firing rate controller for renote operation of an autonatic
firing weapon. Enbodi nents of the present invention relate to the field of
weapons capable of firing a |arge series of rounds within a short period of
time, herein referred to as an automati c weapon or a sem -automati c weapon,
and in particular a rate controller for operating and controlling froma
renote | ocation the weapon and the rate at which rounds are fired by the
weapon. NMomecpanicifEisaite e fe fdnsoto bpdriv@nl dT\e RbioiE 6lak &ehna rate
controller for controlling froma renote |ocation the rate at which rounds
are fired by the weapon enpl oying a sol enoid operated trigger nmechanism
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itself, as well as external factors such as amrunition and weapon nount,
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Enbodi nents of the invention are to nmaintain suppression fire using | ess
ammuni tion, to achieve better precision (reduce inherent spread), to extend
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weapon havi ng an act uator adapted to operate a trigger mechani sm of said
weapon, said weapon exhibiting a natural free-running firing rate when held
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period of said natural free-running firing' rate in response
train geﬁ@ﬁé%%‘”neans input. In the following, the invention wll be
expl ained in nore detai I and also with reference to the acconpanyi ng
draw ng tﬁlm%lcj)ghemse’nts % %ﬂe mventlon are to maintain suppression fire using less ammunition, to
achieve better precision (reduce inherent spread), to extend the time period between
barrel replacement, to extend the time period between filling of ammunition, to achieve
semi automatic operation of a fully automatic weapon, preferably without making any
significant modifications to the weapon exploiting the embodiments of the present

invention.

An embodiment of the invention is arranged to reduce the firing rate, such as e.g. by

firing a number of single shots in a sequence with variable frequency.



figure 1 is a schematic representati on of an enbodi nent exanple of a
firearmfor automatic operation in connection wiwth a firing rate control
apparatus according to the invention, figure 2 is a graph illustrating
exanples of firing drive signals in an exanple of an enbodi nent of the
present invention, and actual firings,of a weapon, and Figure 3 is a bl ock
schematic illustration of an enbodi ment exanpl e of an electronic firing
rate contcoirdiapparaataspeced chadinvgnticn, thivee inmpenidednn dtrexie mpbantys dabodi ment
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represents si ngle shot firing or a controlled, reduced firing rate in a
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art angemantofnatic operation in connection with a firing rate control apparatus according to the

invention,

figure 2 is a graph illustrating examples of firing drive signals in an example of an

embodiment of the present invention, and actual firings of a weapon, and

Figure 3 is a block schematic illustration of an embodiment example of an electronic

firing rate control apparatus according to the invention.

An exemplary embodiment of the present invention which is adapted to a firearm with a
solenoid operated trigger mechanism includes a transient diode, which is useful in an

application of a sequence with pulsing of a voltage to the solenoid.



i 0 advantageously in conjunction with a weapon using a solenoid. An exanple
of a fully automatic man operated weapon with a renotely controll ed
triggering arrangenent is a so-called "weapon station", such as e.g. the
renot e weapon station (RAW5) nanmed "PROTECTOR', nmanufactured by Kongsberg
Def ense & Aerospace AS. 15 For a furEher det ai | ed expl anation of the firing
rate controller FRC apparatus of the Fnventi on by way of exanple, reference
is first Thadgpstrmm € the corpamy isngrefargilly eddnted ro tchetralethe fleingwpoiR¥Byy such as
t he PROTECECOR; &g%ﬁﬁgg‘ {0 above, renmote firing of the automatic firing
weapon AFVV|s ont y a trigger switch, typically a 20 swtch at the
operator |location. Upon activation of the switch, a current is allowed to
flow in th@egneichidaal thé pfdse BivEGishtis blbtsaaﬁcﬁlaﬁfogﬁrmsv@aim@@gio@b whi ch, in
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relay isgpg@yi ded in series with the trigger switch to control a single
shot also at a tinme when the weapon when set to operate in the fully
automati c node. The electronic relay is a time relay which lets the current
for the solenoid actuating the trigger nechani smof the weapon to flow for
only a fixed tine. 35 allowi ng enough tinme for the solenoid to energize,
and for the firing nechanismto activate to fire the first shot of what
could otherwi se be an automatic series of firings, and al so enough tine for
the solenoid to de-energize and retract, thereby disabling firing 4 of the
weapon, before the second shot of the automatic series of firings is ready
to fire. The solenoid (and any additional nechanisn) are adapted to operate
quickly in order to get a precise control of the weapon. Preferably, only
one shot is fired irrespective of weapon, supply voltage, environnental
changes and type of ammunition. By repeating the above sequence with a
settling time in between each shot, allowing for the weapon and nount to
stabilize, a controlled firing rate can be achieved. Various firing rates
are advant ageously nmade avail able for the operator to select from



|l o Furthernore, the firing rate controller apparatus of the invention is
advant ageousl y desi gned such that no nodifications are required on the
weapon itself for it to operate as described herein. The exanple of a
firing rate controller according to the present invention illustrated 15
generally in figure 1 includes at least a firing trigger input T, a node
select input M and an output Q for providing a signal to actuate the
weapon trigger actuator. The functions provided by operation of the T and M
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rel easisngaei®t$dt from the weapon in the single shot node of operation of
the weapon itself. Wien the fully autonmati c node has been sel ected, the
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time period TT between shots released by the natural fully automatic

free-running firing rate of the 35 weapon. In the second plot fromthe top
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In the well known RWS, such as the PROTECTOR RWS referred to above, remote
firing of the automatic firing weapon AFW i1s controlled by a trigger switch, typically a
20 switch at the operator location. Upon activation of the switch, a current is allowed to
flow in the electrical firing circuit that energizes & solenoid which, in turn mechanically
operates the trigger mechanism of the weapon. The weapon typically is provided with a
selector means, typically in the form of a selector lever, for selecting one of a single
shot operation or a fully automatic operation. Accordingly, to seiect anjf of the two
25 aforementioned operational modes from a remote location, a further selector actuator 18

- required to allow operation of the mode seiector lever of the weapon.

According to the present invention, & further operational mode 1s provided which
corresponds to the single shot operational mode aiso for the weapon when set to

30 operate in the fully automatic mode. As an example of a solution adapted to provide the
further operational mode, an electronic relay 1s provided n series with the tngger switch
to control 2 single shot also at a time when the weapon when set to operate in the fully
automatic mode. The electronic relay is a time relay which lets the current for the
solenoid actuating the trigger mechanism of the weapon to flow for only a fixed time,

35 allowing enough time for the solenoid to energize, and for the firing mechamsm to
activate 1o fire the first shot of what could otherwise be an automatic series of firings,

and also enough time for the solenoid to de-energize and retract, thereby disabling firing



5 resulting in the releasing of only a single shot fromthe weapon. In the
third plot fromthe top being drawn in solid line, the voltage is
represented by a series of eight single pulses output Q where each single
pul se of a time duration Ts is repeated at intervals of duration TR which
is shorter than the time interval TF bétween shots fired by the natural 5
fully automatic free-running firing rate of the weapon, resulting in the
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shorter® than the duration of the pulse illustrated by the top graph,
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i ncl udes, connected in series, a solenoid driver SDRV providing the pul se
output Q and receiving an input froma first nonostable nultivibrator MW1
recei vithg Farhemene. the BHRATAs parolst WhFEURALIRS IRy s ARKANIAZERE Yi ng an

i nput fromeaos AR HIPAO Sloal @ritidl &rd ghirad of (MWeapoaideld (drade op8ragont 1 ol
sel ector M arr]ig g,trj gger switch T providing inputs to any of the SDRV.
MW1, AMy 9ESCrgFe RURBL ~ Advant ageously, any of MWL and MW2 is a

non-retriggerable type of nonostabie nultivibrator Accordingly, SDRV is
driven by .an out put ravi ded e i ] ] 4 driven by
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In an advantageous embodiment of the FRC of the present invention, additional inputs
20 are provided, such as a rate control input (1/Tr). and a solenoid pulse control input (Ts).
By the rate control input (1/Tgr), which has effect the operator is allowed to control the
rate of the signal to actuate the weapon trigger actuator for releasing a shot from the
weapon in the single shot mode of operation of the weapon itself. When the fully

automatic mode has been selected, the 1/Ty 1s disregarded.

In the examples iltustrated in figure 2, four examples of outputs Q are represented by
respective plots of a voltage supplied to a trigger solenoid at the weapon. In the first piot
from the top drawn in solid line, the voltage is represented by a single pulse output Q of
a time duration T corresponding to the time the trigger switch 15 clesed and which

30 significantly exceeds the time interval between shots Tr of the natural fully automatic
free-running firing rate of the weapon, resulting in the firing of the actual burst series of
ten rounds fired by the weapon as illustrated by the dotted line plot immediately below.
That dotted line plot of the actal series of ten rounds also illustrates the time period T
between shots released by the natural fully automatic free-running firing rate of the

35 weapon. In the second plot from the top being drawn in solid line, the voltage is
represented by a single pulse output Q of a time duration T that is shorter than the time

interval Ty between shots fired by the natural fully automatic firing rate of the weapon,



a) set to output FSU (free-running shot uncontrolled). DRV provides an
output Qfor as long as T is closed, b) set to output SSC (single shot
controlled). DRV provides an output Q of duration Ts, <c¢) set to output MC
(multi shot controlled). DRV provides an output Q of a series of pul ses of
duration Is at a rate 1/Tr for as long35as T is closed, and 6 d) set to BSC
(burst shot controlled), DRV provides an output Q of duratl on Tbh for as
long as Trdssltiokastd. rel?ﬁ@&@fﬁm&ﬁ weinglesspanpbe Bf veapdy ingethirériobhvrol | er
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15 In figure 3, an embodiment exampie of a firing rate controller circuit is illustrated in a
block schematic representation. The circuit example includes, connected in series, a
solenoid driver SDRV providing the pulse output Q and receiving an input from a first
monostable multivibraior MMV 1 receiving an input from a first astable multivibrator
AMV 1 receiving an input from a second monostable multivibrator MMV2, and a mode
20 control selector M and a trigger switch T providing inputs to any of the SDRV. MMVI,
AMV1, or MMV2, Advantageously, any of MMV1 and MMV2 1s a non-retriggerable
type of monostable multivibrator

Accordingly, SDRV is driven by an output Q1 provided by the MMV 1, which in turn is
25 driven by an output Q2 provided by the AMV1, which in turn is driven by output (3
provided by the MMV2. Any of the SDRV, MMV 1, AMV1 and MMV?2 are further
adapted to be driven each by respective a respective one of mode selector M outputs
FSU, SSC, MSC and BSC provided by M and in accordance with an operation of the
frigger switch T.
30
Thus, in response 1o closing the trigger switch T with the mode selector
a) set to output FSU (free-running shot unconwolled}, DRV provides an output ) for as
long as T 1s closed,
b) set to output SSC (single shot controlied), DRV provides an output Q@ of duration Ts,
a5 ¢) set to output MSC (multi shot controiled}, DRV provides an output ) of a series of
pulses of duration Ts at a rate 1/t for as long as T is closed. and



7 Cains 1. An electronic apparatus for controlling a firing rate of an
automatic firing weapon having an actuator adapted to operate a trigger
mechani sm of sai d weapon, said 5 weapon exhibiting a natural free-running
firing rate when held triggered, said apparatus conprising an output driver
‘means adapted to provide a drive signalé for said actuator, a first single
pul se generator neans having a single pul se output coupled to an input of
the drived) seeemBSarfuraddipt entogede PENapeovadesianglipup(l € eluaftioa Tdubatsi on
shorter tﬂﬁ@a@?‘ S&p period of said natural free-running firing rate in
response to a S|ng pul se generator neans input, and a pulse train
generator neans having a single pulse output coupled to an input of said
first singhecpubsie-aennos: MBARS rAddoReAR: epliORERYIIR dWodihe first

single pul enerator neans.a tr, |n of puls ace in ti a spaci ng
per {0d ‘o ELEHIH PR A B e o TGRSO D AF A R B BP0t FeTOURA g 11 11 ng

rate inr esmmlseoﬁ @xsan]puhmﬁlet ani of )S0Er at oV veamdd bapumt?]d 13. prﬂ'\h&% gl ectronic
appar at us cl ai urther .conpri sing ri tch .adapted. to
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signal i n@ﬁ't%seé@enfc i@ gg?a%%ﬂ@ﬁg@t@@ bl E%eﬂﬁﬁg rgtgls&‘fis%n&}bkp‘“ s, said first

sel ect or to sa I nput o Ver means. said second node
sel ect or out put coupled to said input of the first single pul se venerator

nmeans, andhgaieut BianthidRerRide ek e6kRsid %‘iv@!fJSDRQU RiReenal dapikdala t he pul se
train generoaa ?e mr{hef?‘pﬁC o(% tl%rlg{f/érg%nsgfa{j cgulfd %ee rf;[prla%lecri] b\g gréeéger%rtype &n dsrzvlmn put-
module in case the weapon frigger mechanism actuator is not a soienoid type actuator.
Accordingly, 1t is contemplated to adapt the FRC of the mvention to include a driver
15 module for 2 pneumatic or hydraulic actuator at the AFW 1o allow remote firing control
of the weapon without relying on a transmission of an electrical type of signal from the

driver to the actuator at the weapon station.

It is contemplated to embody the FRC of the invention using a programmable controlier
20 device, such as for example a2 programmable microcontroller or the like. to create
therein any or all of the functional elements of the SDRV, MMV1, AMV, and MMV?2,



25 The el ectronic apparatus of claiml1l or 2, further conprising a
second single pul se generator neans having a single pulse output coupled to
an input of the pulse train generator nmeans and adapted to generate a
single pulse of a duration |onger than said spacing period of coinciding
pul ses of said train of pulses, and sakd node sel ector 30 further adapted
to adapted to couple said trigger signal input to a fourth node sel ector
out put cogplied tomsaid i nput a control input of said second single pulse
generator neans. 8 Electronic firing rate controller for renpote operation
of an automatic firing weapon. Abstract An el ectronic apparatus for

control ling a fAnrdargonatappabtuaforavhooBinge fring mg ofeapotontsivifggean act uat or
adapted t ; trl r ni i I: on..

ey bi 1 g SPELE Pty LA Lol AR ek I ERRR, S U BRI Lo s
conpr i ses weap@ueNBiniting b neurardzesundpiinng tase phovheld taggirédve signal for said
actuator,S%dgb?é%m§g&gb§iﬂylse generator neans having a single pul se output
coupled to an i nput of t%ebdriver nmeans and adapted_to generate a single

pul se of a dur 88 PBEUSHEYY SCARhaPEILD RED Vi § SdvonLa iy SAitagrstors r ee- r ur mi ng
fi lr i ngt r ah&irkt@iﬂzg@@?ﬂﬁkﬁgeﬂeﬁht@hrﬁédﬂg hevipy !a%ﬁxgﬂﬁﬁ\ﬁfa%@;ﬁut[&ﬁ;?éd iccr‘d?ﬂ«ﬁh;djutﬁd'fd a

ul se train generator neans having a single pul se output coupled to an
Phput of - SR PER TSGR AD S e ENter SPOF RS S R SBOR 8 6 de o
the finst pstiodbesaplmhserahfneraindrg feansitaintrésionscb apingesuispgaechtorn tinme a
spaci ng p@ﬁéﬁghléfggging said time period of said natural free-running
firing ratée in respohse to a pulse train generator neans input. Fig. 3

a pulse train generator means having a single pulse output coupied to an input of

said first single pulse generator means and adapted to provide to the first single puise
-generator means a train of pulses spaced in time a spacing period exceeding said time
15 period of said natural free-running firing rate in response to a pulse train generator
" means input.

2. “The electronic apparatus of claim 1, further comprising a trigger switch adapted
to provide to a mode selector a trigger signal in response to an operation of said trigger
20 switch, said mode selector adapied to couple said trigger signal input to first, second
and third mode selector outputs, said first selector output coupied to said input of the
driver means, said second mode selector output coupled to said input of the first single
puise generator means, and said third mode selector output coupled to an input of the
p'ulse frain generator means to provide said pulse train generator means input.
3. The electronic apparatus of claim 1 or 2, further comprising a second single
puise generator means having a single pulse output coupled 1o an input of the pulse train
generator means and adapted to generate a single pulse of a duration longer than said
spacing period of coinciding pulses of said train of pulses, and said mode selector
30 further adapted to adapted to couple said trigger signal input to a fourth mode selector

output coupled to said input a control input of said second single pulse generator means.



