US.Department 400 Seventh Street, SW.

of Transportation Washington, D.C. 20590

Research and
Special Programs
Administration

Nov |2 1998 °

Mr. R. A. Van Duzer Ref. No. 98-0331
Hazardous Materials Consultant

Remington Arms Company, Inc.

Post Office Box 700

Madison, NC 27025-8700

Dear Mr. Van Duzer:

This is in response to your letter of September 23, 1998, requesting classification of your company’s
electrically initiated small arms cartridges under the Hazardous Materials Regulations (HMR; 49 CFR
Parts 171-180). You also submitted technical information for our review.

After reviewing the information provided in your letter we have concluded that, for classification
purposes, electrically initiated small arms cartridges should be treated in the same manner as
conventional percussion primed small arms cartridges. It is the opinion of this Office that electrically

initiated small arms cartridges meeting the provisions of § 173.56(h) may be assigned a classification
code of 1.4S by the manufacturer.

IfIcan be of further assistance, please do not hesitate to contact me.
Sincerely,

(L5

Edward T. Mazzullo
Director, Office of Hazardous
Materials Standards
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Note to the file of Remington Arms Company

Subject: Classification of electrically initiated small arms cartridges

The issue raised by Remington Company is whether DOT concurs with Remington’s view that
their electrically initiated small arms cartridges may be classed as 1.4S item according to the provision
of 49 CFR 173.56(h). Ihave reviewed the technical information submitted by Remington Arms Co.
and concluded that for classification purposes we shall treat the electrically initiated small arms

cartridges the same as the conventional percussion primed stnall arms cartridges. My recommendation
is based on the following analysis:

1. The electrically initiated small arms cartridges are physically constructed in the similar manner as the
conventional percussion primed cartridges except the initiation mechanism is different. Both type of
cartridges are similar in physical dimensions (caliber) and function characteristics.

2. The electrically initiated cartridges were designed and tested (shown by studies conducted at
Picatinny Arsenal, U. S. Army) to be safe from accidental initiation by Stray Electrostatic Discharge or

Electromagnetic Radiation under transport conditions.

(/675
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Remington.

REMINGTON ARMS COMPANY, INC.

870 REMINGTON DRIVE
P.O. BOX 700
MADISON, NC 27025-0700
1-910-548-8700

September 23, 1998

Dr. Charles H. Ke

U.S. Department of Transportation

Research and Special Programs Administration
Office of Hazardous Materials Transportation
400 Seventh Street, S.W.

Washington, DC 20590-0001

Subject: Classification of Electrically-Tnitiated Cartridges, Small Arms
Dear Dr. Ke:

Irefer tomy letter of August 14, 1998, copy attached, and our meeting of September 17,
1998 regarding the classification of electrically-initiated Cartridges, small arms.

Specifically, we wish to classify these cartridges in accordance with §173.56(h) of
49CFR which permits the manufacturer to assign a classification code of 1.4S provided
the cartridges meet the criteria stated in §173.56(h)(1)(2)(3)(4). The
electrically-initiated cartridges do meet this criteria.

During our meeting you requested that I obtain some additional information to
supplement the data attached to my letter of August 14, 1998. As this information was of
a technical nature, I requested David Schluckebier, Staff Engineer, of our Research &
Development Center, Elizabethtown, KY to provide me with the requested information.
Attached you will find his letter to me of September 18, 1998 which covers the
clarification and explanation of the below listed points:

¢ Remington’s statement on the safety of the electrically-initiated cartridge versus the
safety of the conventional percussion primed cartridge

¢ Description of how the electrically-initiated cartridge functions
¢ Description of how the “electronic” firearm functions

¢ Standards associated with Hazards of Electromagnetic Radiation to Ordnance
(HERO) testing
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* Packaging identification for electrically-initiated cartridges

In addition, attached you will find product drawings and a copy of U.S. Patent No.:

5,755,056 which covers the electronic firearm. Theé patent for the cartridges has not yet
been issued, it is pending.

We believe that the provisions of §173.56(h) are applicable for the classification of

electrically-initiated Cartridges, small arms. Please advise if you concur with our
opinion.

We are hopeful of introducing this new cartridge in the very near future (November
1998). One of the conditions for us to satisfy, of course, is the classification issue. We
therefore, trust that you will be in a position to advise us of your decision shortly.

Please let me know if you require any additional information. I can be reached by phone
or fax at (610) 444-2696.

We appreciate your assistance and look forward to your reply.
Sincerely,
Robert Van D%

Hazardous Materials Consultant

rvd/hs
Attachments

cc:. D. Schluckebier

S. Dwyer
A.D. Johnson

compaqg#Sremarms electric dot letter #3 sept 98.wps



Remington.

REMINGTON ARMS COMPANY, INC.

RESEARCH & DEVELOPMENT TECHNOLOGY CENTER
315 W. RING ROAD
ELIZABETHTOWN, KENTUCKY 42701-9318
(502) 769-7600 FAX (502) 737-9576

September 18, 1998

Mr. R. A. Van Duzer
121 Beverly Dr.
Kennett Sq., PA 19348

Dear Bob,

Per our discussion this morning, the items below contain further clarification and explanation required by
DOT personnel.

Ammunition utilizing the electric primer is as safe to handle as conventional percussion primed
ammunition. To ensure the product safety and to confirm design safety margins, Remington hired the
US Army Electromagnetic Environmental Effects (E3) Team at Picatinny Arsenal to conduct tests
involving Personnel Electrostatic Discharge (PESD) and Hazardous Electromagnetic Radiation
Ordinance (HERO).

PESD: As aresult of this testing, PESD results showed that the ammunition would not fire when
subjected to a 25,000 Volt electrostatic discharge in free space testing,

HERO: Remington will control electric primer sensitivity with an allfire/nofire specification for which
all primer lots will be qualified for use. The allfire voltage specification is 130 volts and is the
statistical voltage level at which all primers will fire. The nofire voltage specification is 20 volts and is
the statistical voltage level at which all primers will not fire. The nofire voltage specification is used
directly in the determination of the ammunition safety when considering HERO test results. After the
ammunition was subjected to HERO field strengths/frequencies, it was shown that the worst case
HERO condition provided an induced voltage across the primer mix that was less than 45% of the
nofire voltage. Most of HERO field strengths/frequencies test showed induced voltages well below
45% of the nofire voltage. In summary, the worst case HERO test condition provided a safety factor of
at least 2.2 (of the product not firing)with most test conditions exhibiting a much higher safety factor
(approaching infinity for many test conditions where no measurable voltage was measured). The HERO
frequency range includes potential sources of commercial as well as military radio frequency emitting
devices. These include but are not limited to walkie talkies, cellular phones, Cbs, AM, FM stations,
ground radar, VHF and UHF TV, Aeronautical radionavigation, satellites transmissions, etc..
Description of how the ammunition functions: The primer in the cartridge is initiated by current
flowing through the high explosive mix. A conductive ingredient is included in the otherwise
nonconductive high explosive mix to allow the current to flow. The primer mix acts as a resistor.
When a high enough voltage is applied, an adequate current flows through the primer mix to heat the
“resistor”. The heat is what is believed to initiate the primer mix. The primer mix detonation is
channeled through a “flashhole” in the shell to the shell interior where a propellant charge is ignited
due to the high explosive shock, high temperature, and superfluous deflagrating particles which is
identical to conventional ammunition. The propellant builds enough pressure until it exits the shell via
the path of least resistance. The pressure would normally exit an “unconfined” shell (unconfined
meaning not in a gun chamber) at either the bullet end, primer end, or by rupturing the shell wall at its
weakest point, again, identical to conventional ammunition.

Description of how the gun functions: The function of the gun is described in the attached US Patent
#5,755,056. A brief summary of how the gun functions can be described as follows. The gun is built
in the likeness of a Remington Model 700 bolt action rifle. It is powered by a single 9 volt battery. A

- 1 DOT4.DOC
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cartridge as depicted on drawing C22108 is chambered in the bolt action gun as you would with any
conventional bolt action gun. With the cartridge in the chamber and the bolt locked down, the gun is
prepared to fire by pushing the safety “off” (identical to a conventional bolt action gun). When the
safety is pushed to the fire position, a capacitor in the gun stock is charged up to 150 Volts. When the
trigger is pulled, the circuit is completed and the 150Volt potential is applied to the contact (EXP3850,
see attached drawing EXP4104) via an insulated firing pin which is housed in the bolt of the gun. The
150 Volts forces a current to flow through the primer mix which initiates the cartridge.

Proposed Packaging: Caliber, Index Number, and Product Name will appear on the ammunition
packaging as stated below. The product name may or may not infer electrically initiated cartridges. For
instance, we may "invent" a new word that becomes the Brand or Product Name such as Xerox.
However, there will be, at the very least, a descriptor on the packaging that states " electrically initiated
cartridges”, "electric ammunition" or "electric primed ammunition"... or words to that effect our

marketing department envisions this message to be on the front and back panels and perhaps the end
flap.

If you have any other questions, please contact me.

L Lok

Dave Schluckebier
Staff Engineer

cc: J. Dwyer

S. Uebele
R. Shanks

2 DOT4.DOC
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LAW OFFICES

HUNTLEY & ASSOCIATES

1105 NORTH MARKET STREET
P.O. BOX 948
WILMINGTON, DE 19899-0948

TELEPHONE: (J02) 428-0810

F, SIMILE: S OS2
DONALD W. HUNTLEY Ac (3o@) 42 E-MAIL:
HUNTLEYS#MONOPOLIZE.COM
] v
MARK C. GREGOR GREGORYS®MONOPOUIZE,COM
May 29, 1998
IN TURN

Mr. Dale R. Danner

Mr. Vincent B. Norton

Mr. James W. Ronkainen

Mr. David S. Wolterman
Remington Arms Company, Inc.
R&D Technical Center

315 West Ring Road

-Elizabethtown, KY 42701-9318

Re: RA-0269
U.S. Patent No.: 5,755,056
Issued: May 26, 1998
Title: Electronic Firearm and Proc r Hing an Elec ¢ Firegr

Gentlemen:

The above case issued on May 26, 1998 as U.S. Patent No. 5,755,056. An original copy
of the patent is enclosed.

Congratulations on the issvance of this case!

Yours sincerely,

Donald W, Huntley
sir

o CAONPIrrraremasn 4

Enclosure

¢: Wayland E, Hundley, Esquire (W/o encl.)
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ELECTRONIC FIREARM AND PROCLESS
FOR CONTROLLING AN ELECTRONIC
FIREARM

Inventors: Dale R. Danner. Glendale; Vincent B.
Norton, Elizabethtown; James W,
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Assignee: Remington Arms Company, Inc.,
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ELECTRONIC FIREARM AND PROCESS
FOR CONTROLLING AN ELECTRONIC
FIREARM

BACKGROUND OF THE INVENTION

This invention relates to fircanms and mexe particularly to
clecwrouie fiseans [or ficing electrically activated ammuni.
ton. Specificaily. the present invention relates 1o ag elee-
tropic firearin for firing elecwically activated ammunition
and a process for coutrolliag ag electronic firearm,

While there are many prior references 10 elactronic fire-
arms i gendral, agd wore specifically to clectronic firearms
for fring electrically activated ammunition. these prior
references have failed to provide a control system for
coordinating and congolling the firsarm’s electronic com-
ponents and the functions they ¢xecute and regulate. Much
Like there is a need for a brain to control the many compo-
nents in 2 human body and communicate with and moniter
those componeats through an slectronic network of nerves.
thae is 2 need for a system control o train in an clectronic
firearm to regulate the flow of elecuricity. control the many
electronic ¢omponcnts. aud moaikx the functions of each
componem and the whole 1o assure 2 more refiable and
accurate firearm.

Accordingly. a need remains for 2 mwxe gelizble and
accurate clecwonic fireamm for fising electrically activated
aoryunition.

SUMMARY OF THE INVENTION

The present invention provides an electronic fireata and
2 systern for conteolling the firearm which exhibits & reli
ability and level of control that has heretofcre been Unavails
able,

Specifically, the present invention provides, in an elsc.
gonic firearm for firing i activated ammunition
comprising 2 barre! attached to 2 receiver, 2 charber formed
in the barrel adjacent to the recciver, the receiver being
adapred to receive at Jeast one round of electrically fired
smmurition. the barrel and recciver eucased i 2 stock. 2
moveable bolt assembly positiooed within the receiver, the
bolt assembly being adapted to convey a round of amrmu.
nition from the receiver into the chamber of the barxel, the
bolt asserobly corprising a bolt body, 2 bolt handle capable
of moving the bolt assembly among open. closed. and closed
and locked positions, and an electrically conductive firing
pin. 8 trigger assembly operatively connected to the bolt
assembly, & voltage supply roeans. and 2 safety wechanism
having at least a “safe” and “fire™ position. the improvement
comprising:

A, A system contro! means receiving power from the
voltage supply means. prograrmed to control firing. safety,
powes coaservation. and diagnostic functions. he system
congol means comprisiag:

i, Voltage increasing raeans coanected {0 transmit

increased voltage to the firing pin:

i. Switching means {oc jsolating the fising pin from the
voltage increasing mesus. and the voltage increasing
means from the voltage supply means, the switching
means deing activated upon the occurrence of i least
on¢ condition selected from:

2. the absence of 2 round of ammunition within the
chamber of the darrel;

b, the safety being in the safc position;

<. the bolt being in the unlocksd position;

4. the bolt belng in the opea positica:

H)

10

135
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¢. the passing of a prederermined period of inactivity of

the ficearm: and
(. the failwe or raalfuaction of the system coatol
meas oF agy compotent conuected thereto;

Ui. Means for elecwonically detecting the prescnce of &
round of ammunition within the charaber of the barrei:

iv. Means for monitoring the capacity of the voltage
supply meaas: and

v, Electronic safery operatively connected to the safety
mechacism for prevesting voltage from reaching the
ficing pin when the safety is in the safe position and for
prevendng the system control means from detecting 2
trigger pull wheu the safety is in the safe position;

B. Electronic trigger switch operatively coamectad to the
wrigger and the system controt means, the elsctronic tigger
switeh adapred 10 send 2 signal 10 the system control means
when the Tigger is pulled:

C. Electrical isolation means insulating the body of the
firing pin. the firing pin having a forward conductive end and
3 rearward oonductive area, the forward conductive end
positioned to trapsmit voltage to 2 sound of ammiaition
within the chamber of the barrel oaly when the bolt assem-
bly is in « closed and locked position. the rearward condoc-
dve area positioned to receive voltage only when the bait
assernbly i in the ¢losed and locked position; and

D. At least ons indicator operatively comnected to the
systern control means.

The instat invention further provides a process for firing
electrically activated ammunition from the electronic firer
arm deseribed above. compeising:

A, Controlling and coordinating all firing, safety, power
conseyvation. and diagnostic fuactions, and regulating the
distribution of power to the firing pin by

i, Increasing the voitage from the voltage supply means,
andrcgulating the transmission of the increasad vojtage
to the fiting pin:

ii. Copsagving powsr by isolating the Ssiog pin from the
voltage incrensing means. and the voltage increasing
means from the voltage supply means. upon the occur-
reace of at Ieast one condition salected from:

a. the absence of a roued of ammunition within the
chamber of the barrel:

b. the safety being in the safs position;

<. the bolt being in the unlocked position:

d. the bolt being in e open position;

¢. the passing of 2 predetesmined period of inactivity of
the firearm;

{. the failwe or malfunction of the system coutrol
means & agy coruponeat connected thereto;

iii. Eiectronically detecting the preseuce of ammunition
withia the chamber of the barrel:

iv. Mouitoring the capacity of the voltage supply mesns;
and

v. Preventing voltage from reaching the firing pin when
the safery is in the safe position and preveating the
systera control from: accepting the signal from the
trigger switch generated by a tigger pull when the
safety is in the safe position;

B. Scoding a signal to the system ¢ontrol means when the

trigger is pulled: and

C. Indicating the sums of the fircarm.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of 2 firearm of the
. :

13r20
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FIG. 2 is & lett cear clevational view of a fircarma of the
present invention,

FIG. 3 is a wiring diagram of one embodiment of a fircarm
of the invention.

FIC. 4 is 3 aoss sectional view in elevation showisg one
embodiment of z bolt asscrubly and trigger assembly of &
fircarm of the present invegtion with the fixing pin ir its
rearwardimost position.

FIG. 5 is a fragmental side elevational view showing
pastion of the bolt assembly as it is moved Fom the closed
and locked position to the ualocked position.

FIG. 6 is a cross sectiomal rear slevational view taken
dosg line 6—6 of FIG. 4.

FIG. 7 i3 a side efevational view of a firing pin electrical
¢oatact asserubly. showing the contxct housing in phantom.

FIG, 8 i3 & cross sectiopal view in elevation showing the
bolt assegmbly of FIG. 4 with the firing pin biased forward

FIG. 9 is & side ¢levational view of & fixing pin and firing
pin clectrical contact of the present invention

FIG. 10 is 2 fragmental top plan view of 2 figsarm of the
present invention with the barrel assembly removed

FIG. 11 is a fragmental exploded view of & firearm of the
present invention,

DETAILED DESCRIPTION OF THE
INVENTION

The preseat invention will be more fully understood by
reference 1o the figures, '

The description below pertains to one emabodiment of an
cperational sequetes that can be utilized by a system conirol
means of 3 firsarm of the mresent invention. Varistions and
medifications of this operagonal sequence cxn be substitnted
without departing frotn the principles of the invention. as
will be cvident 1o tose skilled in the at

The system conuol means can vary widely, and can be
selected from software. firmware, microcode.
raicroprocessor, missocontroller. discrete digial logic, dis-
ete agalog logic. and custom integrated logic. and the like.
The specific system control rocans sclected cap be pro-
grammed or otherwise directed to gtlize an operational
sequence of the prescot invention by various methods
knows in the x7s, The system control roeans is
preferably crabodied on a circuit board, and the circuit board
can be of a modular type commooly used in parsonal
comptiters. To dearease the possibility of malfupction from
eavironmental or other external conditions. the circuit board
preferably comprises a protective surface modification. The
system control neans can be within the firearm or exteraal
to it. Howaver, it is prefarsbly within the firewm. and
posidoning within the stoek of the fircarm is especially
prefared.

The operational sequence is based upon an crbodiment
of a firexrra of the present invention in which the system
conuol means is activated by the insertion of 3 voltage
supply mexns. such as a battery. Once activated, there are
two coaditions from which the systema control means will
proceed to soalyze iaformation and coutrol the components
of the systems. depending on the circwnstanees, these being
a cold start and a warm start.

A cold start is defined as the initial activity of the system
conrol means upon being activated, The system coatral
means is activated by the installation of a voltage supply
eans, preferably a commercially availabie 9 voit battecy. A

45

50

$S

65

4

cates with the system contol to activate the frcanm. In 8
preferred embediment, the system awhorization switch is
key activated (o provent unauthorized activation of the
ficearm,

According 10 the operational sequence discussed above, if
the voltage supply means, it this embodiment & battery. has
been foscrted into the (rearm the system control will
recelve power and cheek W assure the battery is viable.
viable bamery is oae that the system control determines
exceeds & predetermined voltage lovel. In the embodiment
shown, an Indicator such as an LED is operatively coanected
1 the systern control means 1o convey infocmation from the
system coutol means regarding the status of the fircarm ©
the operator. Specifically, the system control means ¢ag
cause the LED 10 be illuminated in one color to signify that
the system conrol means is operational and it can cwse the
LED 1 be illuminated in a different color to convey other
taformation, Alternately. the systems ¢ootrol can be cone
netted o several LEDS or other visual indicators, or the
indicator can cousist of audio signals, In the cmbodiment
shown. if the systerm control detects 2 weak battery. it causes
the LED 1o intermittently flash an error code to signal an
error and alert the operatos 1o the problem,

Aceoxding to the present operaticnal sequence. if the
systemn control has been activated and has determined that
the battery is viabie, it will then check to determine whether
the fixeany™s electronic safety switch Is in e safe position.
If the safety is not In the safe position. the system control
will fash an errar code and recheck to detarmine whether the
battery is viable. While the systern control is communicating
an cwor © the operator via the LED. it will not pamit the
firearm to be fired, If the condition causing the system
contyol to communicate the aror £ a0t corrected within a
predetemmined pexiod of time. the system control will place
the firexrm in a $leep mode. The slecp mode is discussed in
detail below, If the system control detarmines that the
battery is viable and the safety is not in the safe position, &
will continue to flash the etror eode on the LED until the
safety is moved 1o the safe position, After the safety has been
placed in the safe position. the system control will plxce the
firearm in the slecp mode uatll the operatoe causes the
system contro] 10 awaken the fireama. The peocess of awak-
ening the firemrmn om the siesp wiode, called a warm stat,
is accomplished by switching the safety from the safe
position to the fire positicun.

After detarmining that the bantery is viable, the system
control roeans will place the firearm in a siecp mode to
conserve power The firearm will remain in the slecp mode
until the actions of the fircarm's oparator cause the system
control to awaken the fircarm from the sleep raode. The
system contro) means can aoufy the operatoe that it has
placed the firearm in the slesp mode by extinguishing the
LED. Whep the fireasmo is in the sleep mode, the system
control isolates the firing pin from the voltage indxtasing
means. In the slesp mods, power couswaption is signifi.
cantly decreased. and the poteatial of the fircarm being
accidentally discharged or activated is significantly reduced
because the firing pin is clkctrically isolated and cap0ot
recsive power. and thus cuoot discharge any power to
ammunition ¢t roay be peesent in the chamber of the barrel
In addition to isclating the firing pin from the voltage
increasing means whes the firearm is placed in the sleep
mode. e sysiem coanol will also isolaxe the voltage
incyeasing means from the baktery and cause it to safely
discharge any encrgy stoced therein,

For example, if the firearmy were foadod and dropped

system suthocization switch is peovided which communai-  while in the sleep mode. the force of the drop would oot

14720



SEP-23-98 10:49 FROM:REMINGTON ETOWN

I1D:5027378576 PAGE

3.755.036

D

cause the ammunition to be activated because the firdug pin
would have been electrically isolated by the system control
means, Even if the forcs of the drop was sufficiont to cause
the trigger to close and activate the electronic trigger switch,
the logic signal seat by the trigger switch to the system
control would not cause the system control to dixect power
to flow from the voltage igereasing means to the firing pin.
and encxgy stored in the voltage increasing means will bave
been eliminated and thus would be Insufficient to activate the
auntaition. Acecrdingly, the sleep mode fugerion of the
systemy, control can help prevent accidental activation of
aeraunition that may be in the chamber of the firearm under
the above circumstances. and it provides 8 mexrns of ¢on-
serving the cuergy of the bamery effectively extending the
battery life. Consequently the firearm is more likely o be
capablc of firing over a longer period of time,

When the fircarm is in the sleep mode. the system controf
will inidste 3 wanm stast when the safety is swicched from
tic safe to the fire position. After the safery has been placed
in the fire position. the system control determines whether
the tigger bas been pulled and held while the safety was
switched from the safe to the fire position. This feature
fusther limits the possibility of accidental firing and is not
found in many previous electronic firsaras. If the trigger has
been pulled and held as the safety is being switched to the
firc position. the system control will activate the emor code.
and will continue to flash the emor code until the safety is
switched back o the safe position. After the safety has been
switched 10 the safe position. the systerm control Will return
the firearm to the slecp oods ugtil a wam start is again
initiated The system conrod will not awaken the firesrm
unt the safety is swirched from the safe 10 the fire position
and the systan contral docs mot dotect the igger being
pulled during the transition from safe to fire position.

According 10 this operational sequence. if the safety has
been switched from the safe to the fire position and the
systarm coutrol does not detect wigger pull by sensing the
coudition and position of the switch in the trigger assembly.
the system control wiil check to datarmine the voltags level
of the baney. If the system determines that the battery
voltage level is below 2 first predeteymined miniraum level,
an etxor code will be flashed to nobify the operator that the
battery should be repiaced. The system coatrol will then
corapare the voltage level of the barery to a second prede-
tesmined minimum. and if the voluage level is below the
second predelcrmined minimpm, the system control will
shutdown the fircarm. When the firearm is shut down, 2 new
banery must be inserted before the system conwol can be
reactivated, Once the battery has been installed, the firearma
restarts in the cold start state as previously discussed.

If the system control determines that the voltage level is
below the first predetermined minimum dut excesds the
second predeterrnined minimrun, it will flash an error code
while ¢hecking to detcrmine whether the bolt assembly is in
the closed and locked position. K the system contol deter-
rmines that the bolt assembly is not in the closed and Iocked
position, it will continue to check the voltage level of the
bauery to determine if it exceeds the second minimum until
the bolt assembly is closed sod locked, However, if the bolt
assembly is oot closed and locked within a predetermined
period of tinge. the system control will place the fircarm in
the sleep mode,

After the system costro] determines that the leve] of
voltage from the batvery exceeds either predetermined mini-
roum level and that the bolt assembly is in the closed and
locked position, it will proceed to check for the presence of
4 sound of ammunition within the chamber of the baryel, I
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w0 round of ammuaition is detected within the chamber of
the barrel. the system conuwol will recheck the safety to
determine whether it is in the fire positioa, If the safety is not
in the fire position, the firearm will be placed in the sl
mode. If, however, the safety is ia the fire position and no
round is detected. the systern will recheck the battory voltage
level to assure that the battery is viable, At this stage of the
sequence. if the system control determines that the battery*s
voltage level is above the second minimum limit. the battery.
boit. and round present check process will continue for 2
predetermined time period. after which the fircarm will be
placed in sle¢p mode.

The system coauol, by communicating with the means for
detecting a tound of amumunition within the chamber, can
dewect the presence of a round in the chamber. In altermate
embodiments. the system coatrol can also be adapted 1o tast
the detected round 1o detemine if it is viable. as is moxe
tully described below.

As the system control continues to follow this operational
sequence. it will supply the voltage ineveasing means with
power from the battery if it determaines 2 round is presenr, or
in alternate embodiroents. if the round in the chamber is
visble. When the systam control means determines that the
voltage ipcreasing means is charged, it can notify the
operator that the firearm is ready to be fired by illuminating
the LED. At this point in the process. the power in the
voltage increasiog weans will be relcased to the firing pin
whea the system conwol receives 2 logic signal from the
trigger switch when the tigger is pulled. thus fising the
sleetxically activared round of smmunition, If the tigger is
not pulled within 2 peedetesmined period of time, the systen
will place the firearnn in the sleep mode and cause the
voltage ipcreasing means to safcly discharge the energy
stored therein. The system coatrol will notify the operator of
the change in -the fircwrm's status through the LED. Whea
theﬁmisp!aecdhmcslecpmodewithmesafayinmc
fire position. the operator may reawakes the fircarm from the
sleep mode by cycling the safety switch from fire back to the
safc position. and back again to the fire position.

Accoeding to this sequencs. after the firsarm bas been
fired. the voltage inceasing means and the LED will be shart
down by the sysiem control. which will then ¢heck to
determine whether the safery is in the fire position.
Subsequently, the system control will check the voltage level
of the battery, whether the bolt assembly is closed and
locked, agd whether & round is present in the chamber, If the
safety is in the firc position. the battery is viable, the bolt is
closed and locked. and & visble round of amunition is
presemt in the chamber. the system coatrol will rerura o the
firing sequeace detailed above,

By directly controlling the voltage increasing means and
the reans for detecting the peasence and viability of a round
of ammanition within the chamber. the system coantrol
provides a means of increasing the reliability of an alec-
troaic firearm for ficing electronically activated ammunition.
The system contol recetves 2 logie signal when the trigger
is pulled, dut this signal is not ransformed info & commasd
to fire the weapon uotil the systern control has commini-
cated with the electronic safety switeh. the bolt assembiy.
and the rocans for detecting the presence and viability of a
round within the chamber. Oaly after the system control bas
determined that all conditiogs for which it has beeg peo-
grammed © check have been satisfied will it aliow the
fircarm to be fired. If the preprogrammed coaditioas have all
been met. upon the puiling of the tigger the system coatrol
will cause the voltage increasing means to discharge its
power 10 the electronic contact on the trigger assembly,
through the ficing pin contact and the firing pin and to the
anunupition.
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FIGS. 1 through 11 show various aspects of possibic
erabodiments of a firearma of the present [nventon that c3n
be adapted to utlize the operational sequence described
above. Variadons and modifications of these crubodiments
can be substituted without departing from the principles of
the iavention. a5 will be evident 10 those skilled in the art.

In FIGS. 1 through 11 the firearm has a barvel 10 which
is aached to receiver 11. and a stock 12. The stock ¢onsists
of a forcann, 124 at a forward poction thereof, a pistol grip
12B ar 2 middle portion. and a butt 12C ar a rearward postion
thereof. Both the barrel and receiver are encased in the
forearm 124 of the stock 12, The barrel bas 2 chambear
fortned in its rear end whers it is acached o the receiver. The
chamber is councered and adapted 1o reccive ammition
from the receiver. A bolt assenbly, geacrally indicated as 20.
is movably positioncd within the receiver. behind and sub-
stantially aligned with the barrel. and has & handle 21, The
bagrel 10. receiver 11, bolt assembly 20, and trigger assero-
bly 40 comprisc the barret assembly of the fircarm. A safety
switch 14. is shown tehind the bolt assembly, whick is
shown iz FIGS. 1 and 2 in a closed and Jocked position.

The fireacra bas a sysiem coowol means 1, which in the
erabodiment shown is in the butt of the stock. The firerm
fusther compriscs a voltage supply means 2, showa i the
butt of the stock. The voltage supply means. which in the
cmbodimment shown is a battery. provides power to and is
operatively connected to the systém control means, I the
Figures. the firearm has an clectronic safety 14, ag0 LED
indicator 3. and a system authorization switch 4 foc control-

ling access to the firearto. The selection and positoning of 3¢

the LED indicator cag vary widely. acoopding to the design
parameters of the partcular firsarm. In the ebodiment
discussed above, at least one visual LED indicator is posi-
toned on the stck of the fircwrm directly behind the
receiver. Similxly. the selection aed positioning of the
systern authosization switch can vary widely. bat in the
cmbodisnent of the fircarm shown, the systein authorization
switch is key activated and located on the bottoin postion of
the pistol grip of the stock.

FIG. 3 is 8 wiring diagrara showing the voitage supply
means 2. syssem control 1. system authorization switch 4.
LED igdicator 3. and clectronic safety swiwch 14 as they are
wired together. In addivion. FIG. 3 shows a blind mate
circuitry connection having one cosuector S0A mounted to
the trigger assernbly 46 and a reciprocal mating cogpestor
56B mountsd into the forcarm of the stock and attached to
wires from the systern control means, The reciprocal cope
pector mounted in the stock is positioned to mate with the
other connecior when the barrel sssembly is installed in the
fircarn. Whee the reciprocal coansctor is mated with the
other comncetor. 2 coapection is provided whereby the
electronic safery switch and the trigger assembly are cou-
nected (O the system control meaps.

The system control mezns shown comprises voltage

increasing metns 5 and means for detecting the presence of 55

3 royud of ammunition 6 within the chamber, The crabodi-
ment of the voltage increasing means showz comprises 2
boost copvertes (¢ increase the voltage Tom the batery 0
the level necessary to initiare the ammunition. for example.

from 9 volts. if 3 battezy of that voltage is used as the power ¢

source. 0 a voluge sufficient to initiate the electrically
mncdammunﬁwn.'t’hcvoltage increasing meaas fypically
comprises inductoes, diodes, cupacitars and switches, the
armangemeat of which is depeadent on the specific boost
copverter used Other embodiments Ay Use COOVUUTS
other thag the boost topology. Varations and modificetions
of these embodimeats can be substituted without depacting

8
from the principles of the invention, as will be avident 1o
those skilied in the art.

The erabodiment of the means for detecting U presence
of a round within the chanaber shown comprises 2 compara-
tor circuit, Through the comparator circuit, the system
controf analyzes the impedance detected when it ransmits a
small level of cusrent through the firing pin. If a round is
peesent within the chamber. the current will be tragsmitted
from the firiog pin ducugh e round of arnruvition and into
the barel of the firearm. which acts as a ground and
corpletes the circuit. By comparing the level of impedance
detected with an established {avel of impedance the system
control can determise whether a round is prescat. and in
alterpate embodiments. can also determine whether the
detected round is viable.

FIG. 11 is a fragroental exploded view of the fircarra
showing the basrel asserably reraoved from the stock 12, and
FIG. 19 is 3 fragmental top plan view of the firearm with the
baggel assemably removed. By removing the bagre] assembly.
2 blind mate conpection comprising two blind mate
conncctors, S0A., apd SOB. is broken, and is easily made
when the barrel asserably is replaced in the stock.

In the Figures, the bolt asserably 29 has froat 20A and rear
29B cnds and 2 bolt head 22 comprising a bolt face 224 ot
the fronr end. The bolt assembly can move longimdinally
and rotatonally within the receiver, Mors specifically., the
bolt assermbly can be moved among opened. closed, and
closed and locked positions. When the bolt asscmbly is
closed the bolt face is positioned within the rcwr of the
chamber of the bmrel. At the rexr cnd 20B of the bolt
assembly there is & handle 21 for moving the bolt to its
alternate open. closed.-and closed apd locked positions. A
wigger assenobly 40 locatzd below the receiver and within
the foream of the stock bas a trigger guard 41 which extends
below and beyond the foreann, aad within the trigger gumd
is x trigger 42. The trigger assembly. shown in FIGS. 4 and
11, is discussed in detail below.

The bolt assembly is positioned within the receiver behind
and substantially aligned with the barrel As shown in the
Figures, the bolt assembly includes a hotlow bolt body 23
opexatively connected at its rear end to a hollow bolt plug 24
which is sealed at its rear cnd. and a2 haadle 21 on the rear
of the bolt assembly which acts as a lever for moving the bolt
assembly within the receiver. A movatice firing pin asscrbly
25 is positioned within the bolt asscmbly and consists of a
firing pin plunger 26, a firing pin plusger insulator 27, a
firing pin plug 28. and the firing pin itself 29. The firing pin
plunger is operatively connected ar its forward end to the
firing pin plug. and the ficing pin plug is operatively con-
nected at its forward eod to the fuing pin within the bolt
body. The firing pin plunger iosulator is positioned between
the firing pie plunger and the firing pin plug. The firing pin
plunger insulator can be a separate component atached to
the forward cad of the frisg pin plunger. of it can comprise
a0 insulating treatment to the forward end of the fidag pin
plunger.

A fuiag pin spring 38. positioned betwaen the scaled rear
end of the bolt plug and the firiag pin pluoger. biases the
firing pin forward by seting ou the fising pin plunger. A firisg
pin showder 31 within the front end of the bolkt bedy is
positioned to reswict the forward movement of the firing pin.
sod the searward aoverent of the fisiag pia is limited by the
plunger contacting the rear of the boit plug, FIG. § shows the
firing pin assembly in its rearwardmost positiod. while EiG.
9 shows the firing pin assembly biased forward o contact 8
round of ammunition within the chamber of the barrel.
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The firing pin pluages. firing pin plunger insulator, firiog
pio plug. and the firing pin are operatively connected to form
the ficing pin asscmbly. In alteraate cmbodiments. the firing
pia shoulder can be connccted to the firing pin 404 & pact of
the firing pin assembly. or it can be positioned within the bolt
body. The firing pin assembly is movesble within the bolt
assembly. but its movement is restricted. Specifically, the
firing pin shoulder within the front end of the bolt body is
positioved to restrict the forward movernent of the fising pin
assembiy by limiting the forward movement of the firing
pin, and the rearward raovemeat of the fisiog pin assembly
is limited by the rear of the firing pin plunger contacting the
rear of the bolt plug.

‘The movable firing pin assembly. biased forward by firing
piu spring 30, cusures contact between the forward conduce
tive tp of the firing pia and the primer ap af the rear of a
round of smmunition within the chamber when the bolt
assembly is ¢losed and focked by permining the firing pin
assenably to position itself 1o compensats for manufaciwring
variations in arerounition. Rexrward travel of the firing pin
’i_lsnllx;mited to provide suppact for the electric primer during

2.

In addition. the firing pin plug and the friog pin are
adapted to be adjustably conpected. permitting individual
adjustment of the firing pin in refation to the firing pin plug
so that the forward tip of the firing pin is sdjustable with
respect to the bolt face when the firing pin is biased iato its
resrwardmost position. thus supporting the primer cap in the
ammunition during firing and peeventing the firing pin from
becoming lodged within the bolt body whes it is facced
tearward by the ignition of around of aranynition within the
chambes. a5 shown in FIG. 4.

o an alterpate cabodiment of the firing pid assexnbiy bot
bere shown, the firing pin plug is 2 threaded adjusment
serew, and e bolt plug has a threaded aperture formed in
its rear ead adapted %0 reecive the adjustnent sarow. The
firing pin spring in the bolt piug biases the firing pin
assembly forwmrd by acting on the bolt plug and the firing
pia plunsger. The adjustment screw contass the rear of the
firing pin plunger to restrict therearwacd motiop of the firing
pin assembly. and can be set $o that the forward tip of the
ficing pin is adjustable with respect to the bolt face when the
firing pir is io its rexrwardmost position. As in the embodi-
ment of the firing pin assenably shown io FIGS. 4 through 8.
the firing pin is biased focward to conpensate for dimen-
sionad variations in amrmunition to assure that the firing pin
will be positioned 10 eovracs 3 round of AuMNition within
the charnber,

Like the firiag pin assermbly. the bolt assembly is movably
mounted within the receiver of the firearra, and its move-
ment is also limitsd. On the foeward end of the bolt
assembly. the bolr head 22 is opesatively copuccted 10 the
front cnd of the bolt body and has lugs (a0t shown) posi-
tioned (o cogage slots (also act shown) formed in the front
of the receiver. The slots extend from the rear 1o the oot of
the receiver. The eogagement between the lugs and the stots
guides the bolt assembly, and dcfines its positions as opcned.
closed or closed and focked. In addition, when the bolt
assembly is closed and locked, the cagagersent berween the
lugs and e slots prevents searward motion of the locked
bolt assembly.

The forward motion of the boit assembly is also restrictad
when it is in the dosed and locked position by a bolt plug
detent 64 on the bottor of the bolt plug, The bolt plug detent
is blased forward by 2 bolt plug detenz speing €1 The boit
plug detent further rostricts the focward movement of the
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bolt asserubly by costacting the trigger housing whea the
bolt asscmbly is closed. aad cestricts forward motion when
the bolt is locked. The contact between the boit plug detent
204 Bic gigger housing secures the bolt asscrably by cestrict-
ing forward motion of the bolt asserubly when it is in the
locked position. and the cngegement berween the lugs and
the slos further secures the bolt assembly by preventing
rearward motion of the bolt asserbly when it is tocked.

In the embodiment of the bolt assembly shown in FIGS.
4 through 8. 2 firing pin contact assembly 37 cousists of an
¢lectrical contact 38 and an insulaticg housing 39 fixed
Wwithin the rear of the bolt assembly © rotate and move with
the bolt assembly. The firing pin contact is positoned to
coanect the conductive area at the rear of the firing pin. or.
in the alternate erobodiment discussed above but not shown,
to conaect the conductive arez at the rear of the firing pin
assembly. with an electrical contact on the wigger assembly,
The cigeuit berween the firing pin contact and the clectrical
contact on the Rigger assermbly can only be completed when
the bolt assembly is closed and locked. The firing pin contact
aud the conductive area at the rear of the firing pin repsain
connected when the bolt is locked. even as the fiving pin is
biased forward by the firing pin spring and rearward by 2
round of ammuoition within the chamber of the bagral, thos
allowing for dimensional varistions in individual rounds of
ammuniden and enstring electrical, contact between: the
firing pin and the firing pin cottact despite thoss variations.
In addition. the movably mounted bolt asscmbly easures that
an ¢lectrical connection cannot be rade between the firing
pinand the trigger asserably electrical contact unless the bokt
Is in the closed and locked position. thus angmenting the
system coatrol. In an alternate smbodiment of the inveation,
the contact point can be the firing pin plug. which them
transwits the cugrent w0 the ammunition iy the ¢chamber.

X FIGS. 4 tmough 8. the firing pin assembly is provided
with electical isolation means to insufate the body of the
firing pin. and in the alternats emnbodiment discussed above,
to insulate the body of the firing pin and the firing pin plug.
FIG. 9 shows on embodiment of the firing pin provided with
the electrical isolation means. The electrical isolation mesmns
does not insulate the ficing pin at a forward cosductive end
294 and rearward conductive apex 29B. The forward con-
ductive ead is positioned to transmit voitage to a round of
ammunition withix the chamber of the barre! only whea the
bolt assembly is iz a closed and locked positicn. and the
rearward conductive area is positioned to recsive voltage
only whea the bolt assembly is in the closed and locked
positiop. Within these pararneters. the elecrricnl isolation
meags can vary widely. and cap comprisc an electically
insulating slecve around appropriate pordons of the firing
pin. & surface coating on the firing pin, or a swface modi-
fication of the firiog pin. Coating materials which can be
used for the firlng pin include, for exampie, polymers
applied preformaed or in site, Amorphous dinmond or corem-
ics can also be used for an insulating coating oo the firing
pin. Of the many known ceramics that can be used. those
found to be particularly satisfactocy include alumina and
magnesia stabilized zdrconfa Surface modification of the
firing pin can aso include. for example. {on Unplastation.
Still other coatings or treatmcuts for the firing pin will be
evident o those skilled in the art.

The igger assembly comptises a trigger bousing 43
which houses a trigger 42 operatively coosecred to &
raicroswitch 44, aod & tigger assembly contact 45, The
trigger assembly coatact is posiioned to contact the firing
Pin contact & the rea end of ths bolt assembly. only whea
the bolt assembly is in the closed and locked position. Whea
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the bolt assembly is in the closed and locked position. the
trigger assembly comtact asd the firing pin contact we
aligned 1o foem 2 closed circuit, however. the system control
will only pesmit power to be transmited from the voltage
increasing meags theough the tigger assembly contact, the
firing pin contact, the firing pin. and to a round of ammu-
uitioa as deseribed in detail above.

The firearm of the preseat investion provides 3 desirable
combination of advapuages. Specifically, the firearm of the
present invention is made more reliable and scourare by the
incorporation of & “brain.” or system control means. to
process information reccived from the various electronic
components of the firearm, and regulate and control those
coraponems xccordingly. thereby controlling the operation
of the firearm. By providing a system control mesns o
“brain” o raonitor and conto! all electronic communics-
tons aud functions. the fircans of the present invention is
able to incorporate &n increased number of electronic com.
poaeats o peovide 2 more reliable and accurate means of
firing clectrically activated anaxaunition.

The process of the peesent jnveation provides oae pos-
sible frarcewark whereby the systern control means cag be
programmed to fuaction. Depending on the paticwlar
fircarm., the framework or program ¢an be modified
accordingly, and thus the system cootrol means can be
adapted for use in any clectronic firearm. and ¢ag be further
peogramiued to perform specific additional functions, as
well as 10 perform those functons according 1o different
parameters. For example, the peocess can include various
time perameters whereby the system coatrol means will
place the fireagn in the skep mode if the firearm has baea
inactive over a period of time.

In addition, the system ¢atol means ¢ad be programmed.
to communicate with the sensing means to detzrmine not
only the preseace of a round of ammunition within the
chamber. but also whether that round is visble ar aot. This
can be accomplished, for cxample, by programming the
system comtro} to measure e impedance of the round
withit the chamber tirough a comparazex circuit of the type
kpown in the act. The system coatrol checks for 3 specific
range of acceptablc impedance levels. depegdent oa the
wnonnition suitable for use with that particular firexrm.
Spedifically. an exiremely low impedance would indieats a
short. while an open circuit would indicate the absence of 2
round. ¥ the ammunition falls within the predetermined
range of acceplable irmpedance Jevels. the system control
will charge the voltage increasing ro¢ans in anticipation of
fising the rouad. The means for determining whether the
derected round is viable can cornpxise roeans for ratasure-
rent of the DC resistance of the round or nieasurement of
the AC impedance of the round. If the rouad is not viable,
the LED will por illuminate. aad after x predetermined
period of time. the system coptrol Will place the firearm in
the slecp mode. By determining the viability of the rouad of
ammunition present within the chamber. the systesa coarrol
conscrves energy. thereby increasing reliabilicy. as well as
providing & mechanisra to screen o defective rounds of
ammuuaition.

In additdon to checkiog the battery to detarmine the
amount of power available. the system coael meanscanbe
programuned to ealeulate the approxXizgate aumber of rounds
that ¢an be fired. given the voitage level of the battery. This
infosmation csn be comynunicated 1 the operator of the
firearra, and the operator can act accordingly. deciding when
w change the bagery based on the circumstances at thu
e,

The electronically controlled apd operated compoacst
parts of the firexrm of the present inveatica, including the
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bolt asserbly, trigger assembly. voltage inaeasing means.
clectronic safety. sutus indicator, blind mate cireuitry
coancctions. system authorization switch, and electrogic
switching means for isolating the firing pin also provide
desirable advantages,

The movable configuration of the bolt asserbly provides
an additional safety feature because the firing pin can only
receive power. if the trigger is pulled and the systera control
permits. if the bolt asserably is in the closed and locked
position. X the bolt asseoably is 901 in the ¢losed and locked
position. it will not be aligned with the contact on the trigger
asserobly. and thus the firing pin will be isolared from the
voluage increasing meras and battery,

The firing pin is movable within the bolt assembiy to
casure contact between the firing pin and a round of ammu-
gition withio the chamber. given the reasonable tolerances
and minute vagiatioas in the ammunition. Reaward move-
ment of the firing pin Is restricted so as to lend support to the
primer cap of a round of aramunition within the chamber

The elecrronic switching mexns allows the system control
to isolate the firing pin and safely discharge the voltage
increasing means gwough a secondary path upon detection
of a malfunction. The electropic switching means also
péraits the system control to isolate the fising pin if the
firearmn has been inactive for 2 period of time. or the other
conditions specificd. including, the absence of a round of
ammunition withia the chamber of the barxel; the firearm’s
safety being In the safe positdon; the bolt being in the
ualocked position; the bolt being in the open position; the
turning off of the systens authorization switch; the detection
of 2 level of voltage from the voitage supply means falling
below & peedetermined Ievel; the passing of 3 i
period of inacdvity of the fireanm; and the fallwe or mal-
function of the system <coptrol meags o apy camponent
connected thersto.

The blind mate circuitry connections allow the fircarm to
be disassembled for clesging or other parposes, without
requiring the opérator to manually discoanect or reconnect
any wires. The contacts are positioned within cach pagt of
the firearm to be connected when the fircam is assembled,
and disconnected when the firearm is disasscmbled, Foe
example. the bagel assembly can be removed from the
firearmn, cleaned, and minserted. The ¢lectronic connections
will be automatically remade when the barrel assembly is
reinserted, The blind mate cirenity, in addition to simpli-
fying the cloaning process. also provides increased reliabil-
ity as & result of the fact that the electronic connectiogs
between componeats will be automatically made. preventing
faulty ¢ incomplete comrnunication between the compo-
nems and the systers conwol means, and reducing the
fiketihood of short circuits or other electronic malfusctions
due to defective or incomplers counsctions.

In addition 10 the above advantages. the present inveation
provides 2 means of increasing the inherent accuracy of 2
fircarm by reducing its jock time aad eliminating the physi-
cal movemeat typically associated with 3 mechanical or
percussion firing pin. The only physical moverasot during
firing of the present ipveation is associated with the pulling
of the trigger. Accordiogly, the fireaarm of the present inven-
tion provides significanty reduced lock times coupled with
the above described feanres.

We claim:

L In an clectrogic fiream for fixing ¢loctrically activated
ammuapition comprising a bagrel attached to 2 receiver, &
chamber farmed in the barrel adjacent to the receiver, the
receiver being adapted 10 reccive at lesst one round of
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and an clectrically conductive fring pis.
operatively connected w the bolt assembly 2 voltage supply
means. 20d 2 safety mechanism haviog at least a safe and fice |

position. the improvement ¢omprising:
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¢lectricaily fired ammunition. the bagrel and receiver
encased in & stock. a2 moveablic bolt assembly positioned
wu'na the receivar. the bolt assembly being adapted w
ovnvey 8 round of ammunition from the receiver into the
chamber of the barrel, the bolt assemubly comprising
body. a bolt haadle capable of moving the bolt asseably

sbolt ¢

as:.:8g open. closed. agd the closed and locked positions.
3 trigger assembly

A A system conwo! means receiving power from the
voltage supply means. prograruned to control firing.
safety. power conservation, wad diagnostic functions.
the system control means ¢onprising: s
i. Yoltage increasing maeans congected t transmit

increased voltage 10 the firlng pin:

i, Switchiog rasans for isolating the firing pin from the
voltage increasing means. and the voltage increasing
raeans from the voltage supply means. the switching .o
mzans being activated upon the oocurrence of atleast
ope condition selected from:

a the absence of a round of ammunition within the
chamber of the bacrel:

b, the safety being in the safe position; 28

¢. the bolt being in the udocked position;

d. the bolt being in the open position;

¢. the passing of a predetermined period of inactivity
of the firearm; and

§. the failwre or malfunction of the system control 4y
means or any composent connccted thereto;

iiL Mesns for clectronically desecting the prosence of &
round of ammunition within tbe chamber of the
barrel;

iv. Means for monitoring the capacity of the voltage 54
supply means; and

v. Electronic safety operatively connected to the safety
mechanism for preventing voltage from reachiog the
firing pin whea the safety is in the safe position and
for preventing the system coatrol means from detects o
ing a trigger poll when the safety is in the safe
position;

B. Electronic trigger switch operatively contected 1o the
tigger and the systera control means, the clectronic
trigger switch adapted to sead a signal o the system 45
control means when the trigger is pulled; -

C. Electrical isolation means insulating the body of the
firing pin. the firing pio having a forward conductive
end and a rexward conductive area, the forward con-
ductive ¢ad positiosed to transmit voltage to 2 round of 50
ammunition within the chamber of the barrel only when
the bolt assembly is in a closed and locked position. the
rearward conductive area positioved to receive voltage
only wheo the bolt assemnbly is in the closed and locked
positiog; and s5

D. AL least one indicator operatively oonnected 1o the
systcrm coatrol meaus.

2. A fircarm of clair 1 wherein the bolt assembly has front

and cear ends and is movably positioned within the receiver
behind and substantially aligned with the bwxxel. the bolt &
asserably comprising a hollow bolt body operatively con-
sected at its rear ¢nd to 3 hollow bolt plug, & bolt hasdie on
the rear of the bolt assembly. 3 movable firing pin assembly
withis the bolt body having forward and rearward cnds. and
a firing pio spring to bias the Aring pin sssembly forwmd by 65 is a removable modular cicuit board.
scting between the doit plug and the rear of ths firing pin

ssenbly.
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3. A fircarm of claim 2 wherein the bolt plug is sealed &t
its rear ead, and the firiag pin assembly within the bolt body
coruprises a firing pin plunger at its rearward ¢ad. the firing
pin plunger positioned within the bolt plug and operatively
connected Lo & fising pin plug. a firing pin plunger insulator
between the firing pin plunger and the firing pin plug. and a
firing pin at the forward end of the firing pin assembly. a
firing pin spring positioned between the scaled rear end of
the bolt plug and the rearward end of the firing pin plunger
to bias the firing pin forward by actiog on the ficing pin
plunger. a firing pin shoulder within the front end of the bolt
body positioned to restrict the forward movement of the
firiag pin, the rearward movernent of the firing pin being
limited by the plunger contacting the rear of the bok plug.
a bolt head operarively connected to the front cnd of the bolt
body having lugs positioned t0 cugngs slots extending o
the front of the receiver into the rear of the chanber of the
barrel, a firing pin contact at the rear end of the bolt
assembly positioned to connect the rearward conductive area
of the ficing pin with an clectrical contact oz & trigger
assembly when the bolt assembly is in the closed and locked
position. a bolt plug assembly compeising the hollow bolt
plug, a bolt plug detent on the bolt plug. a bolt plug detent
spring posidoned between the bojt plug and the bolt plug
detent to bixs the bolt plug detant forward. and x projection
on the bolt plug detent positioned (© cogage the tigger
gssetubly when the bolt is ¢losed.

4. A fircarm of claim 3 wherein the ficing pin plug and the
firing pin are adapted to be adjustably conpected to permit
adjustmeat of the firing pin in relation to the firing pin plug
so that the forward tp of the firing pin is adjustable with
respest to the bolt face when the firing pin is in its reas-
wardmost position,

5. A firearro of claim 3 wherein the firing pin plug is a
threaded firing pin adjusunent screw adapted to fit to a
threaded aperture in the rear end of the bolt plug. and the
firing pin ssscmbly comprises the fwidg pin adjustment
screw 4t its rearward end. the screw operatively connected
1o 2 firing pin plunger. the firing pin at the forward cud of the
firing pin assembly operatively connected to the firing pin
plunger. and a firing pia plunger insulator between the firing
pia and the firing pin plunger. the ﬁnng pm xssembly being

.biased forward by the firing pin spring acting on the firing

pin plunger and the rear of the bolt plug.

6. A fircwm of claing 3 wherein the peojection on the bolt
plug deteat. biased forward by the bolt plug detent spring. is
positioned to contact a projection on the rexr end of the
trigger asserobly and whercin the bolt assembly, whea in the
closed and {ocked position, is biased rearward by the intex-
action of the datent and the mating projection. securing the
bolt assembly ia position with the help of the interaction of
the fugs with the slots ia the receiver.

7. A fucarm of claim 1 wherein the system control means
is selected from at keast one of the group consisting of
software. fitmware. microcode, microprocessor.
microcontrotler, discrete digital logic. discrete analog logic,
and custom integrated logic.

8. A fearm of claim 1 wherein the system control means
is a microcontrollar.

9, A firearm of claim 1 wherein the system ¢control esns
is positioned within the stock

1. A firearm of claim § wherein the system ¢ontrol weans
is exteraal foms the fircarm.

1L A firearm of claim 1 whereln the sys:cmconuolmns

12 A Grearm of claim 11 wherein the circuit board
compriscs & protective swfece modification,
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13. A fwearm of claime § wherein the voliage increasing
means is 2 boost converter comprising at teast one inductor.
diode. capacitor. and switch.

14, A fircarna of claim Y whertin the means for cleeyoni-
cally detecting the presence of a round of ammuaition within
the charmber of the barrel compxises at least two slecrrodes
positioned to contact clectrically conductive portions of 2
tound of ammuaition within the chamber.

15. A (irearm of claira 14 wherein ope clectrode is the
firing pin-

16, A firearm of claim 14 wherein the means for elec-
wonically detecting the preseuce of a round of amrouniton
within the charaber further coruprises means for dstermining
whether the detected roumt is viable,

17. A fireaers of claim 16 whereio the means foc deter-
mining whether the detected round is visble comprises
weans for measucersent of the DC resistance of the round.

18. A firtarya of claim 16 wherein the means for deter-
mining whether the detected round is viable comprises
raeans for measurement of the AC impedance of the round

19. A fircarm of claim 1 wherein the electrical isolation
means comprises a wodification of the surface of the firing

pin,

20, A firearm of claim 16 wherein the surface modification
comprises lon implantaton.

21, A firearm of claira 1 wherein the elsctrical isolation
mean$ comprises an insulaving coating.

22. A firearmo of claim 21 wherein the insulating coating
coruprises amorphous dimmond. )

23, A firearm of claim 21 wherein the insulating coating
comprises ceranic.

24. A firearm of claim 23 wherein the cernmic is selected
from the group consisting of alumina and magnesiz stabi-
lized zirconia.

25. A firemm of ¢laim 1 wherein the electrical isolation
raeans comprises ag insuiating slecve sucrounding the fixing

I’%6.Aiir«:nzmc:fciai.nal.furttm-cmprlsingblimhmn\z
circujtry connections operatively connectisg and providing
clectronic signals, commands, and power to all elecwronic
coruponents associzted with the recciver, chamber of the
barrel. and stock of the firearm.

27. afirearm of claim 26 wherein the blind mate circaitry
conpections are wired in place in the stock and the barrel
assembly of the firearm. so that the counections are broken
and mad¢ when the fircarm is disasscmbled and
reassembled, respectively.

28. A fuwearm of claim 1 fiuther comprising & system
aythorization switch,

29. A firtagra of claim 28 whersin the system authoriza-
don switch coraprises a key switch 10 activate the systern
coawol means.

30. Afircarm of ¢laim 1 wherein the system control means
and clectronic safery are adapied to isolate the firing pin
when the safety is in the safe position by rejecting sigoals
teceived from the igger switch (3) when the wigger is
pulled, and (b) whea the trigger is puiled and held while the
safety is switched from the safe position to the fire position.

31. Afirearm of claim 1 wherein the systam coatrol means
is adapted ©© cause energy stored in the voltage increasing
means o be diverted to a secondaxy discharge path upon
isolation of the firing pin.

32 Afirearm of claim 1 wherein the system control means
is adapted to monitor the leve] of voltage ¢manating from the
voltage supply means,

33. A firearm of cluim 32 wherein the system control
means is adapted to causc the switching natans to isolate the
firing pin upon the detection of powes smanating from the
voltage supply means in excess of a predetermined level
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34, A firearm of claim 32 wherein the switching rocans is
sctivated by the system control racans to isolate the firing
pio upon the detection of voltage cmanating from the
voltage supply means below a predeterrained level,
35. A fireann of claim 1 wherein the system control roeans
is adapted 1o moaitor the level of voltage emanating from the
voltage increasing means.
36. A firearmo of claim 3§ whercin the systequ control
means i$ adapted to cause the switching meags w isolate the
firing pin upon the detection of power emanating from the
voltage increasing means in excess of & predetermined fevel
37. A fisearm of claim 35 wherein the switching means is
activated by the system control means to isolate the firiug
pic upon the detection of voluage emanating from the
voltage increasing means below a predetermined level,
38. In a process for firing clectrically activated arnrouni-
tion from an electronic firearm comprising a dagrel attached
to & receiver, a chagber formed in the barrel adjacent to the
Teceiver, the receiver being adapted to reecive at least one
round of electrically ficed amomuniton. the barrel and
receiver ¢gcased in 2 stock. 2 movesblc bolr assembly
positioned within the receiver, the bolt assembly being
adapeed (o convey a round of amnupition from the receiver
into the chamber of the bazrel, the bolt assembly coraprising
2 bolt body. 2 bolt handlec capable of moving the boit
asseradly among open. closed. and closed and locked
positions. and an clestrically ¢coaductive firing pin, & trigger
asserpbly operatively conaected to the bolt assembly, a
voltage supply means. and & safery having at least & safc and
A fire position. the improvement comprisiag:
A Conwrolling and ¢oordinating all firing. safety. power
conservation., and diagpostic functions. and regulating
the distxibution of power 1o the firiag pin by;
i Increasing the voltage from the voltage supply
means. and regulating the trapsmission of the
increased voltage to the fixing pin;
ii. Conserving power by isolating the firing pin from the
voltage increasing mneans, and the voltage increasing
means from the voluage supply means. upon the
occurence of at least one condition selected fom:
a. the absence of & round of amuniunition within the
chamber of the bagvel;

b. the safety being in the safe position;

<. the bolt being in the unlocked position:

d. the bolt being in the open positios:

¢. the passing of & predetamined period of inactivity
of the fircarm:

{. the failwe or malfunction of the system control
means of any component conncdwed thereto;

ili. Elecronically detecting the preseucs of arpraunition
within the charober of the bacrel:

iv. Mogltoring the capacity of the voltage supply
raeans; and

v. Preventing voltage from reaching the firing pin when
the safety is ip the safe position and preventing the
system coarol fom 2ccepting the signal from the
wigger switch generated by a trigger pull whean the
safety is in the safe position:

B. Sending a sigoal to the systerm coarrol means when the
trigger is pulled: and

C. Indicating the status of the fircarm,

39. A process of claim 38 further comprising detamainiag
whether a detected round of ammuaition within the chamber
is viable.

40, A procsss of claimn 38 fuwrther comprising visually
jndicating the status of the firenmn,
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Remington.

REMINGTON ARMS COMPANY, INC.

870 REMINGTON DRIVE
P.O. BOX 700 a%“"‘() 33‘
MADISON, NC 27025-0700
1-910-548-8700

August 14, 1998

Dr. Charles H. Ke

U.S. Department of Transportation

Research and Special Programs Administration
Office of Hazardous Materials Transportation
400 Seventh Street, S W.

Washington, DC 20590-0001

Subject: Classification of Electrically-Initiated Cartridges, Smail Arms

Dear Dr. Ke:

I refer to our meetings of February 14, 1996 and July 23, 1998 rcgarding the
classification and approval of Cartridges, small arms which are :nitiated electrically as
opposed to a percussion type primer.

Specifically, we wish to classify these cartridges in accordance *vith § 173.56(h) of 49
CFR which permits the manufacturer to assign a classification cde of 1.4S provided the
cartridges meet the criteria stated in § 173.56(h)(1)(2X3)(4). Tle electrically-initiated
cartridges do meet this criteria.

Initially, you had some concern in applying the provisions of § ' 73.56(h) for the
classification of these products due to the lack of information that was available as to
how these new products would behave when subjected to adver:ie conditions, especially
electromagnetic radiation, etc.

To develop this information, we requested the U.S. Army, Picatinny Arsenal to perform
electrostatic discharge and electromagnetic radiation tests on th> electrically-initiated
cartridges including separate tests on electrically-initiated primers and empty,
electrically-initiated primed cases. '

Attached is a copy of Picatinny’s fax of July 2, 1998 in which they recommend, that the
electric-primed products are safe for shipping in the same way "hat the non-electric
primers are presently shipped. Also attached, for your review, are descriptions and
results of the tests performed by Picatinny Arsenal.



' o

Based on this added information, we believe that the provisions of § 173.56(h) are
applicable for the classification of electrically-initiated cartridges, small arms. Please
advise if you concur with our opinion.

As requested, attached you will find the following:

o Data Sheet containing details on packaging, description of how the product functions,
chemical composition and physical characteristics of the explosive substance

e Material Safety Data Sheets
¢ Product drawings

Please let me know if you require any additional information. I <an be reached by phone
or fax at (610) 444-2696.

' We appreciate your assistance and look forward to your reply.

Sincerely,

Cad Boyye,

Robert Van Duzer
Hazardous Material Consultant

rvd/hs
Attachments

cc: D. Schluckebier
S. Dwyer
A.D. Johnson
S. Uebele

compeq¥ SREMARMS ELECTRIC DOT LTR #2 AUG 98.mps



From. Daniel Gulierrez 10 Ltia Lanner
aad o F ,W

WMANI VTN vreseme vama-

U.S. Army, TACOM-ARDEC
Picatinny Arsenal, NJ 07806

dgutierr@pica.army.mil
http:/Iwww.pica.army.mil!orgslccac/ccf/e3capab.html

The Electromagnetic
Environmental Effects(E3)

Team
To: Dale Danner // /f From : Daniel Gutierrez
Wyert [Icwe ve ke d8565¢
Fax Number : 7-502-765-4420 . Company : US Army, TACOM-ARDEC
Date : 7/2/98 Time : 4:27:18 PM For Information Call: 873-724-46687
Subject : Remington ESD and RF Test Results Fax Number ; 973-724-4082, 5581

Van Duzer Consulting Services
R.A. Van Duzer

121 Beverly Drive

Kennett Sq., Penn 19348

Dear Mr. Van Duzer:

Remington Arms requested the Electromagnetic Environmental Effects (E3) Team, Picatinny Arsenal, NJ to
perform an independent assessment on its .22 cal electric primer cartridge.

Personnel Electrostatic Discharge (PESD) and Hazards of Electromagnetic Radiation to Ordnance (HEROQ)

evaluations were performed on the .22 cal electric primer cartridge in several worst case handling and tactical
configurations.

Preliminary test results were faxed to Remington and eventually they will be faxed to your company for review.

Based on the test results, our organization recommends that the electric primers are safe for shipping in the same
way that the non-electric primers are presently shipped.

A final report will be provided that includes more detall regarding the procedures, test results and
recommendations for all of the above tests,

POC for this program is Mr. Daniel Gutierrez, 973-724-4667.

CF: Mr. Dale Danner, Remington Arms

Attention: Do not process, store or transmit classified information on unsecured telecommunications systems, official DaD
telecommunications systems, including facsimile machines are subject to monitoring
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