2253953 APPARATUS FOR DRI VING THE ARVATURE OF A BATTERY BACKGROUND OF
THE | NVENTION Field of the Invention This invent%gn rel’ates to apparatus
for driving the armature of a battery operated_d,_§é 33such as an electric-
stapler, an electric nailer dr other power tool tH'discharge a staple and,
more particularly, to such apparatus which rapidly operates in succession,
utilizes a mninmal anount of external power, and automatically reverts to &

gui escent node wit hi =R | =Yo [] M 1Yol 0E after, being arnmed, but negt:,
activat ed. Descripth'?P oF o ey z ered staplers, | '?*
utili:zing a solenoi.d. armial ;& T e L oot —derree for. -

ej ecting stapl es typi CopdRTROTRPCF CAREY TRVENTYYN N0 current: “As such, "

t hese AC powered stapl ers are plag probl ens associated with power—

fluctuations iggé]jaa C S piventesnwhi ch result in performance problenms

i ncl udi ng "doubl'e stapling”™ and/or inconplete stapling. To minimze the
occurrence of Thigsdnveartion velates tol apparatmd Fordpdhdingnthel neans
are enployed including full or half wave rectifiers, Zener diodes and SCRs.
D. Carpetured cft apbatteary |operated ndtiveryl euchd ax @t Lekscyeideral |y do not
suffer from probl ens dealing with fluctuating input voltage, as in A C
powstapleraplasy elegimicemailer or pther poweroftoed: tho j@tsahargehiabit t he
probl em of power ' -

staple and, more particularly, to such apparatus which rapidly
operates in succession, utilizes a minimal amount of external

power, and automatically reverts to a quiescent mode within a

predetermined time limit after being armed, but not activated.

Description of the Prior Art

Electrically powered staplers utilizing a solenoid
armature or other electromechanical device for ejecting staples
typically are powered by alternating current. As such, these AC
powered staplers are plagued with problems associated with powet
fluctuations in the AC supply lines which result in performance
problems including "double stapling™ and/or incomplete stapling.
To minimize the occurrence of these.problems various voltage-
regulating and control means are employed including full or half
wave rectifiers, Zener diodes and SCRs. -

D.C. powered staplers utilizing similar solenoid
armatures generally do not suffer from problems dealing with
fluctuating input voltage, as in A.C. powered staplers. However,
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D.C. staplers rely on batteries and exhibit the problem of power
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" sconsunption.  Hence, such stapl ers reqU|re a design mhlch mnimzes the .
anmpunt. of power consuned. thereby so as to increase the effective operating
1ife of the battery. ldeally, .an effective design would m nimze both the
power required to drive each staple and the power drawn while the stapler
"wai ts" to drive a subsequent staple. Conventional D.C. powered stapler
des;gns have failed to prOV|de such a design. OBJECTS AND SUMMARY OF THE
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when not al object of the esent I nvéntion is to

pr odsrdRctdlvel dd Gdf14 thiniRizé bath gthaepawaet vequired RWY @ ive
operated device Yet another object of this invention’is to provide

app@ath stapld Al grewerdrdwiprwivi lesthefl sthplegpowad tismedet ween
activation of the device trigger and the driving of the armature with-
m nidrdived @ aubssEquent stapbks) veCanventiohal hb. at npbwered- 3tapler
designs have failed to provide such a design.
BJECTS UHHARY OF E_INVENTION
An object of the present invention is to prov1de
" device
apparatus for driving the armature of a battery operated e&qg%rte
stapler which overcomes the foregoing problems associated with
the prior art.
It is another object of the present invention to
provide apparatus for driving the armature of a battery eperated
Povwered deviece _ . _
which automatically reverts to a low energy mode )
 when not in use.
An additional object of the present invention is to
provide solid state circuitry for driving the armature of a -~
\rattery operated slectric-staplers device .
Yet another object of this invention is to provide
apparatus as aforementioned which provides a fast response time
device
between activation of the stag}as:trigger and the driving of the =
armature with minimal delay between successive drives of the

armature.



In accordance with this invention, apparatus is provided for driving an
~arndature of a battery operated electric A control circuit is connected to a
* sour'ce of energy for maintaining the apparatus in a | ow energy standby node
“until a trigger is actuated, whereupon a charging circuit is activated to
receive energy supplied fromthe energy source and charge an energy storage
device which is connected to the armature to rel ease stored energy to drive

-
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DRAWNGS Fig. 1 i1s a schematic diagramillustrating one enbodi t of the
PresehaiA¥&RhIAG thedapparatus dif@ildw & tt&ﬁat%*ahbaa antgqond
enbodi ment of the present enbodi nent. DETAILE SCRI PTT ON OF A PREFERRED
ENBOREMGGer hEsaaptuated,s khereupdri @ charghwyneisedief isuhticiviaraliaors 58
and 66, a transformer 94, an energy storage device 98, power reduction
citaurecéive enengy &fpplieds firiaxe thi32ndtdy isouree candSchariyedan t wo
cross-coupled 2-input Schmtt -3-
energy storage device which is connected to the armature to

release, stored energy to drive the armature. The energy released

from the energy storage device is replenished so as to enable

subsequent driving of the armature. ~
Other objects, features and advantages according to the
present invention will become apparent from the following
detailed description of an illustrated embodiment shown in the-
accompanying drawing.
Fig. 1 is a schematic diagram illustrating one
enbodiment of the present invention.
Fig. 2 is a schematic diagram illustrating a second
embodiment of the present embodiment. - \;

The apparatus shown in Fig. 1 is comprised of

multivibrators 58 and 66, a transformer 94, an energy storage
device 98, power reduction circuit 104, a gate 114 and a timer
132. Multivibrator 58 includes two cross-coupled 2-input Schmitt



rigger NAND gates, 62 and 64, which operate as reset and set gates,
respectively. Schmtt trigger NAND® ‘gates ‘are preferred because they
Pprevent oscillation which could occur at the hysteresis point due to noisy
or ‘irregular voltage inputs. Preferably, the integrated circuit gates are
conpl enentary netal oxide sem conductor (CMOS) gates which draw m ni nal
power in a quiescent state. An input to reset gate 62 is coupled through
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ate 64 i nput™ conne to a m y - opelat ed - Sw.
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whi CBet8uddathey PQe%E&!%' bt iAo wh ik hcy@l d a88chfeast enkr om i nput
termnal 50 when the swtch is open and to supply a relatively | ow vol tage

t herpystubenikhpoint! ghel To- ey obheiréquiaf rmﬁﬁegﬂhguﬁé.i s coupl ed"

to an enabling rnput of multivibrator 66 i ch includes a | nput Schm tt

tri gpreféPablgat ¢hédintegrrated pirdit grittes lare csomphenantatyt metadh
other. This multivibrator may be replaced by other oscillator circuits
knowoxidet semicohductorar(¢MOS)| Igates which drew imininal poORegatin 30 is
connected to the .output of reset. gate 62 and the outputs of gates 68 and 70
ar e qeilescentiRstates SAnainpRt tehinsseh gatmiél nisl edepledptheougdduct i on

circuit 104 to be described |ater, via delay circuits 78 and 80, -
respeR$igeey167, and timer 132 to an input terminal 50 which is

| connectedgto a battery pack-oi-other-sourse—of—enaxgs to supply

k“gperating potential to the illustrated circuit. This D.C. input
voltage may be'on thé'order-of approximately 7.2 volts. Set gate
64 includes an input connected to a manually operated switch 60
which is adapted to supply a relatively high vbltage thereto from -
input terminal 50 when the switch is open and to supply a
relatively low voltage'thefeté when the switch is closed. L,

The output from set gate 64 is coupled to an enabling

input'of multivibrator 66 which includes a 2-input Schmitt
trigger NAND gate 68 and a é—input NOR gate 70 cross-connected to

{_kach other. ‘This multivibrator may be replaced by other
oscilla£or circuits known to those of ordinary skill in the art.
An input of NOR gate'7o is.éonnected‘to the output of reset gate
62 and the outputs of gatéé'ss and 70 are fed to NOR gates 82 and

84, which are contained within power reduction circuit 104 to be

described later, via delay circuits 78 and 80, réspectively.
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Gates 82 and 84 are each adapted to drive transistors, such as

paral | el -connected push-pull driver transistors 86 and 88; and, 90 and 92,
*respectively. 1In a preferred enbodi nent, these transistors are conprised
of N-channel enhancenment type MOSFET transistors which draw substantially
no current at zero gate voltage, thereby mnimzing the current drain on |
the battery so as to nmaximze efficiency. The gates of these transistors
arGatespBadand Bdrare =acly adapted te éniam.tneswtpsss sugh @&sch o>
transi stor pair are coupled to the, prinary wndings of push-pull step-up.”
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circuit during a standby, or quiescent, node. The power reduction circuit

| nébliPEedatd- NORUgates g and guE, A \¥heai e 1fife Watpubst Evbm ®ach/pl ed to
t he base of a PNP transistor 110. -5-
transistor pair are coupled to the primary windings of push-pull

step-up transformer 94 whose secondary windings are coupled to o
energy storage device 98 through a full wave rectifier 96. In an
embodiment of the présent invention, energy storage device 98 is
a capacitor and 'is connected across stapler armature 99, which is
used to drive the staple from the stapler.

The energy storage device is connected to a threshold
conduction device or voltage sensing circuit 100, which include;
a Zener diode (or other avalanche breakdown device), and senses
the energy level of the energy storage device 98. Sensing _
circuit 100 is coupled to.power reduction circuit 104 which is
adapted to supply an inhibiting signal to NOR gates 82 and 84 and
thereby reduce the overall power drawn by the illustrated drive
circuit during a standby, or quiescent, mode. The power
reduction circuit includes a 2-input Schmitt trigger NAND gate

106 whose output is coupled to the base of a PNP transistor 110.



7The ‘col | ecfof of transistor 110 .is connected to each of NOR gates 82 and

84, and to the input of gate 106 thereby providing positive feedback to

-gafe 106. Gate 114 includes an. input coupled to switch 60 and is adapted to

drive a transistor 126 and also to enable tinmer 132 when switch 60 is
manual |y operated. It wll. be appreciated that when switch 60 is open, an
i nput of gate 114 is supplied with a relatively high voltage fromresistor

116 and %\’\%ﬁf'?(?%\% f%fe QQIJ\%{?%%%EBEdliBi is! ggﬂ&.f?eau&el eadnMd e NOK gdtédel ¥

| oWrVOT t S Via capaclt Anot.her | nput .of gate 114

t he "base of
em1ﬁagig£4écyggdséémséétgétQZQOQbich is adapted to supply a buffered

out put signal to the trigger of silicon control rectifier (SCR) 130 which
i s connected igateries hébudesnanr gnpit Ebapldetipto siwidahe 60l4ardd sisi s
connected by a diode 134 to tiner 132 which, when enabled, tines out to

r eseidapted to -driwvéiaitransistérwipécandsaiisgato enahde timesut}AR '
connected directly to NOR gate 70 of nmultivibrator 66 and, by way of a

di othel? Zwitch@®0 gis asaB@ally eperahedeout Bt willsbe gppresd thhatl |y
Is coupled to a ready indicator 140, which is adapted to_indicate when the
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relatively high voltage from resistor 116 and when switch 60 is
closed this input is supplied'with a relatively low voltage from
\J%he switch via capacitor 113. Another input of gate 114 is
coupled to the output of gate 106 and also to the output of reset
gate 62 via a diode 120. The output of gate 114 is coupled to
the base of emitter-follower transistor 126 which is adapted to
supply a buffered output signal to the trigger of silicbn control

rectifier (SCR) 130 which is connected in series with armature _

89.
The output of gate 114 also is connected by a diode 134
to timer 132 which, when enabled, times out to reset -

k/multivibrator.sa whose reset gate 62 has its output connected
directly to NOR gate 70 of multivibrator 66 and, by way of a
-diode 122, to NOR gates 82 and 84.
The output of set gate 64 additionally is coupled to a 3=
ready indicator 140, which is adapted to indicate when the energy -

level of energy storage device 98 is at a level sufficient to



driVe armature 99.-As showi, this ready indicator, which may be én LED, i s
connected to the output of gate 106. The individual circuit conponents
“wi thout reference designations depicted in Fig. 1 are connected as shown

and will not be discussed further, since the connections and val ues are
apparent to those skilled in the art and are not necessary for an .
under st andi ng of the present invention. The operation of the illustrated

apggratus describ abque is as f I%gms: An in gt g.C. vol,t age i s suppligd
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caﬁgc r’ éf PRt o S‘E}gﬁgsg § S?c Fgh signal fromgate 62 to’
NCOR gat es 82 d Qggﬁp ' | ogi ' i S supplied
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node further supplies a logic high signal to gate 114, which al so receives

a appatehtgitosithiose skillethdin itheriaxt &#Hd dbhesnotogecebisalry Mot ar esul t
in alogic |low signal supplied to the base of emtter-foll ower transistor
12Gndepstandidg iofg the presenthdimventions-

The operation of the illustrated apparatus described
above is as follows:

An input D.C. voltage is supplied to input terminal 50
from a standardized nickel-cadmium battery pack module or other

bype of bekkary
suitable cm—oi—oaeﬁgy and resets multivibrator 58 through

capacitor 52. This reset mode supplies a logic high signal from
gate 62 to NOR gates 82 and 84, thereby insuring that a logic low
signal is supplied to transistors 86, 88, 90 and 92. Thus, these .
transistors are placed in a quiescent, low power state. The

reset mode also supplies a logic high signal to NOR gate 70 of
multivibrator 66, thereby inhibiting the multivibrator and
disposing it in a low powered quiescent state. The reset mode "~
further supplies a logic high signal to gate 114, which also
receives a logic high signal from input terminal 50. These logic
high inputs result in a logic low signal supplied to the base of
emitter-follower transistor 126, thus rendering it non-

conductive.



‘Therefore, With switch 60 open, the:illustrated circuitry powers up to a
standby | ow power state. The current drain'in this state is mniml (for
“exahpl e, approximately 5 m croanperes) whi th assures long battery life even
if the battery pack remains inserted for an extended tinme period. Upon
clasing trigger swtch 60, a logic low signal is supplied thereby to set
gate 64, thereby disposing nultivibrator 58 in its set node to supply a
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circuits erein the transition portion of each sqlare wave 1S

del ﬁléﬂoaﬁﬁb&e@‘?' Whikhs Wdsurds Adriddiete 1pper eveAniel ¥htOKatHeghei n
nei t her square wave i s supplied by these gates to transistors 86, 88,

90 pagk92Zemdling deseyrted iftr AmAtidmiedtinepetieéach wave, or absence of
cross - conduction, advantageously ensures no overl apping of the signals

supplied to tUpohr elesing trikgyexb\switivlpvéog 4 bogier dbw sfifnailledsy of the
circuit. Transistors 86, 88, 90 and 92 drive push-pull step-up transforner
94 shpphiedathéwveby the setCgatep§4y, tldrahy (disposingtwuitivibraltos) to a
hi gh I evel A C. voltage -8- : :

58 in its set mode to supply a logic high signal from set gate 64

gnd a logic low signal from reset gate 62. Thus, NOR gates 70,
“82 and 84 are enabled. Multivibrator 66 is an astable

multivibrator which is enabled by the logic high signal from gate

64 to generate two out-of-phase square waves (at a frequency of

'approximately 15 KHz) which are supplied to NOR gates 82 and 84

by delay circuits 78 and-ao, wherein the transition portion of

each square wave is delayed. This delay results in a time perigg-h

(approximately 10%) wherein neither square wave is supplied by

these NOR gates to transistors 86, 88, 90 and 92. This delay in

the transition portion of each wave, or absence of cross -
{_2onduction, advantageously ensures no overlapping of the signals

supplied to the'transistors thereby improving the overall

efficiency of the circuit.

Transistors 86, 88, 90 and 92 drive push-pull step-up =

~ transformer 94 which transforms the D.C. supply voltage |

(approximately 7.2 volts) to a high lévellh.c. voltage

- [ 3



(approxi matel y- 300 volts peak) at*the output 6f its secondary. The
push-pull configuration is preferrd because it provides |arge power

" transfer for a given core size. The output voltage fromthe transforner
secondary is supplied through full wave rectifier 96 to capacitor 98,

t hereby charging this capacitor. \Wen the voltage across capacitor 98
approaches a predeterm ned charge |evel, for exanple, when the voltage

acr gapprioximaralyt 300w peakppatxthat ebgpitOoLolits, secondahe -~
br eakdown of sensing circuit 100 begins, . whereby current flows through ..

1 esThieopush-pwld b@htﬂguzatteneiseureﬁennedehe¢nasesihgprnmmdds 100.

i ncl udes a Zener diode with a breakdown or'threshol'd voltage of

applaxgeapoweri transfier for apgivenrcosecsizenucTheooukpuge voltageo! tage

across resistor network 102 reaches the switching threshold of NAND gate

106fr9mt ﬂ:hgg&ramfs’mqm spaendary s serpliedi Eg-rew;bu §Hal waves in turn,
abl es te 114 to re%fond to swtch 60 an actlxates r eady |nd|cator
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sensing circuit 100 begins, whereby current flows through
resistor network 102. In a preferred embodiment, sensing circuit e
100 includes a Zener diode with a breakdown or threshold voltage
of approximately 150 volts. As capacitor 98 continues to charge,
the voltage across resistor network 102 reaches the swiﬁching
threshold of NAND gate 106 to trigger this NAND gate to produce a
logic low signal. This, in turn, enables NOR gate 114 to requpd
to switch 60 and activates ready indicator 140 in which the liéht.-
emitting diode (LED) is supplied with a logic high signal by the
set state of multivibrator 58. When the indicator is activased,
the user is advised that the apparatus is ready to drive a
staple. In this condition, capacitor 98 is sufficiently charged,
and ready to drive the armature.
The logic low signal produced by gate 106 in response
to sensing circuit 100 activates PNP transistor 110, thereby

supplying a logic high signal from its collector to NOR gates 82
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Jand '84. TAs-aresult; ‘a Ioglc Iom15|gnal fron1these NOR gates turns of f
transi stors 86, 88, 92 and 92 which revert .to their.' quiescent state. The
.logic I ow signal fromgate 106. al sa supplles an enabling signal to NOR gate
Tt4, thereby permtting a subsequent pulse triggered by switch 60 to pass:
t hrough gate 114. Upon a subsequent closure of switch 60, a negative- going
pulse with a predetermned tine duration set by the values of capacitor 113
and resistor 116 (e.g. on the order of 10 nillisé&éonds) is supplied to NOR
gat@ntl a4 .Si k= aaresple, 1a4legicplovi sdgnpleAzxome Fhigsey NOR gREes his pul se

produces a Ioglclmi%toutput pul se .whi ch passes -t hraugh en1tter fol'lower .. ..

t.r aksinnsoo S dnans it oks 86/ <88y 08e 8ndsPR ¥hdchareyerts fin theixcitor 98-
di scharges through armature 99 apd the S thereb dr|V|n armat ure 99.
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viousl'y descr result, - 10 - .
of capacitor 113 and resistor 116 (e.g. on the order of 10

- milliseconds) is supplied to NOR gate 114. ‘Since NOR gate 114

\/;as previdusly enabled by gate 106, this pulse produces'a logic
high output'pulse which passes through emitter-follower
transistor 126 to the gate électrbdg of SCR 136; As a resuit,
capacitor 98 discharges through armature 99 and the SCR, thereby |
driving armature 99. - | -

Following its discharge, the voltage across capacitor .

98 répidly decreases to 1ess than the threshold voltage limit of
sensing circuit 100. Hence, sensing circuit 100 stops conducting
and a logic low signal is supplied thereby to NAND gate 106 to

\_produce a logic high signal which deactivates transistor 110,
resulting in a logic low output signal from its collector which
is supplied as an enabling signal to NOR gates 82 and 84. This
enabling signal allows the square wave'signals'from multivibrator
66 to be supplied to transformer 94 so as to rapidly charge
capacitor 98 in the manner previously described. As a result,
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subsequent drives of the armature can occur on the order of every 1/2
_second. The | ogic high output pulse from NOR gate 114 whi ch di scharges
"‘capacitor 98 also is supplied through diode 134 to di scharge capacitor 52 -
.and thus reset tinmer 132. Once discharged, capacitor 52 now charges through

resistor 138 and the logic |ow signal output of reset gate 62 of
mul tivibrator 58. If, within a predetermned tinme limt, which is set by -

th &PPGest a LSt 1 IS t he, ordeg of -
ap?r‘géi Et eﬁ/ 5 to é158£egﬂoﬁds, S\%?Tr%heég ?%cg‘(%?oc &&%d (ﬁﬁﬂ,"éaﬁ‘éﬁﬂor Y4
.contfnygecdma charge. until it reaches a level that” resets nultivibrator 58,
thereby turning off nultivibrator 66, inhibiting NOR gates 82 and 84 and - -
pl aci ng trandité X6gHe. h 8Gtpat Pdlse ehon NOR® { de, all as
previously descri b6egd. Thie?%f or e,p thg first closur e@(?esv?n'lta‘cﬁh% éilps used to
pl sischarges capacitor 58 radsy” ist sippliedcthrdugh ddlbdd o3y adr oduces a

| ogi ¢ high signal output fromgate 114 to drive armature 99, and al
sulddeghange wapacitars 52 sand rthus| yedetveimee as2at uondd they occur

within the aforenenti oned predeterm ned tine.constraints of tinmer 132.

O Mdsgharged,c aapacitor $2\0ovschargas thuoughyresdstor Ai38 amd rigse t wo
swi_itch cl.osures to again drive the arnmature. A thernostat 56 is attached

to ¢ do% isdanak, autpuk ofxeset \gatep6a afi hltismibratars 586, 88, 90

ang 92 gre ,nount ed
_ Qf, w%tiin a predetermined time limit, which is set by the values

of capacitor 52 and resistor 138 and is on the order of
approximately 5 to 15 seconds, switch 60 is not closed again, ~
capacitor 52 continues to charge until it reaches a level that
resets multivibrator 58, thereby turning off multivibrator 66,
inhibiting NOR gates 82 and 84 and placing transistors 86, 88, 90
and 92 in the low power standby mode, all as previously
described.

| Therefore, the first closure of switch 60 is used to
place the apparatus in a "ready" state. A second switch closure
produces a logic high signal output from gate 114 to drive -
armature 99, and all Subsequent switch closures similarly drive
the armature if they occur within the aforementioned
Predetermined time constraints of timer 132. oOtherwise, the
apparatus reverts to the stand-by mode which requires two switch

closures to again drive the armature.



~and is electrically connected in series with the power supply as shown in
Fig. 1. The attachnent between thernostat 56 and the heatsink provides
..goed ‘thermal conductivity therebetween such that the heatsink tenperature
s an indication of the transistor tenperature. Should transistors 86, 88,
90 or 92 reach a predeterm ned unsafe tenperature, thernostat 56 opens,

thereby shutting off power to the illustrated circuit. Fig. 2 shows an
al{’'er nate enbodi ment of the~present invention which conprises sinilar

ci PTUI try and QPel@hRSstae 3581 ! aEtHBARBAT tho thiae tappaivuts RoubsimkFio. 1

c.except as descrlbed ‘below. . 1t i.s to.be. appreci ated ‘that- el:enent-s. si-m l.ar’
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106, which is included in power reduction circuit 104, includes an input
coupirmll i elsctrically utoniéfteddinssenipsevith thespower esupply lagel of
energy storage device 98. As in Fig. 1, Schmtt trigger NAND gates are -

pr efshowsd.in Rie. 106 {The mttanhhedbsbe’nweaputhempmu %6 apd Lhiel ay
circuit 214 to the output of set gate 64 and is further adapted to detect

i f ‘eatsink arovisies good  thexnal scanductivityutberebeimeen ek coupl ed
to NAND gate 68 in nultivibrator 66' to indicatQr 140 and to a gate circuit
114thatgithe: heaksink semperature isanningicatieg 9@b§hﬁﬂﬂ¥ﬁﬂ%ﬁﬁ¢ﬁrsane

function as gate 114 of _Fi and includes three gates which are
par HEMRETAt W fre c tShP Qéhﬂﬁﬁﬁﬁﬁﬁﬁtaﬁs @5up?8d°?h?3u§ﬁ ting

reSISt%EtermlneéLunsaéz temperature, thermostat 56 opens, thereby

shutting off power to the illustrated circuit.

’Fig. 2 shows an alternate embodiment of the preseht'
invention which comprises similar circuitry and operaﬁes'in a
similar manner to thé apparatus shown in Fig. 1 except as.-
described below. It is to be appreciated that elements similar
to those in Fig. 1 are identified by the same reference humerals;

NAND gate 106, which is included in powerlreductioh P

circuit 104,_ihc1hdes an input coupled to sensing circuit 100 and
is adapted to sense the energy level of energy storage device 98.
As in Fig. 1, Schmitt trigger NAND gates are preferred; Gat;.los

K¢%urther includes an input coupled through a delay circuit 214 to
the output of seé gate 64 and is further adapted to detect if
multivibrator 58 is in the set state. The output of Qate 106 is"-
coupled to NAND gate 68 in multivibrator 66! to indicator 140 and
to a gate circuit 114°. Gate circuit 114' is similar to and

performs substantially the same function as'qate 114 of Fig. 1
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‘second input to these gates is coupled to switch 60 through capacitor 113.
Mul tivibrator 66' operates in a manner simlar to that of aforedescribed
~‘mul tivibrator 66, but further includes a'diode circuit 216 adapted to
render the circuit time constant non- symmetrical. That is, the duty cycle
of the multivibrator oscillating output differs from and is preferably .
| ess than, 50% An out put fron1NAND gate 68 is coupled through inverters,

E?S»@é‘gﬁé’fuéfg Ehr%%tnépm;er which e ”a:méns' < Faniervadsand cubosgl Zﬁ‘l%‘o

94, 98 .
froﬁrf&és RSPy o oR LR Ao L i Ao RS
o LLapiee tubsch %Sg%u#sr Tt AL L TR

spmgééééfgéy ,1pgnce these connections are readily apparent to those skilled
As previously nentioned, the apparatus in Fig. 2 operates

sinmlarly to jnipefpperatos 66 'Foperdt@ec AR Ahatdiedd PBLPVar AH ¥hag 2 D. C
voltage to input termnal 50, by connecting a battery thereto resets

nuléf \aforédés&PibearauYtivibrator 6P butFurthed dridDiués 0k adiéde NOR
gate 70 and inhibiting nultivibrator 66'.Upon closing swtch 60, set gate
64 clyalites216 adapted to render the circuit time constant non-
symmetrical. That is, the duty cycle of the multivibrator
oscillating output differs from, and is preferably less than,
50%. An output from NAND gate 68 is coupled through inverters
200 and 202 to the gate terminals of trgnsistors 204 and 206,
respectively. Preferably, these transistors are FETs whose drain
terminals are coupled to step-up transformer 94' which is adapted
to supply voltage to capacitor 98 from its secondary winding.
The remaining components are connected aé previously
shown and described with reference to Fig. 1. Furthermore,
components without reference numeral designations will not be

discussed specifically, since these connections are readily

apparent to those skilled in the art. ~

As previously mentioned, the apparatus in Fig. 2
operates similarly to the apparatus in Fig. 1 except as noted
below.

Applying a D.C. voltage to input terminal 50, -a# by
connecting a battery thereto, resets multivibrator 58 thereby



-a délayed | ogi ¢ high signal to gate 106 whi‘ch continues to supply a logic
high signal to multivibrator 66' because sensing circuit 100 senses that
.capacitor 98 is not charged. Cl osing switch 60 further produces a |logic
| ow signal fromthe output of reset gate 62 which is supplied to NOR gate
70 in nultivibrator 66'. Miltivibrator 66' is enabled and supplies an
oscCillating signal conpr|5|ng a negatlve pulse with a tine duration of

approximately 10 m |lisecond.fol | onwe a positive.pulse wWth a tine
durﬁﬁqmﬂnﬁﬁr%%ﬂit BthBSﬁrﬁF’Plls@eoPm& gaten/d adid !\gn i Bng2 wher ein

| EPSmlﬁﬂ gfa%al Bar sbs.  hAlehts ié‘q%%ﬁ%%&? J RN, SR8 o
8
f;ﬁﬁ"avgcf%a@i 4Poale BERR biBhad 1p, B8k, ég% f&%&% giﬁ%{%" it g%upei?
00" ng?i@évewﬁ’péfﬁﬁ#éﬁ%y?ﬁﬁi ViksSUR B beleiy Whatg unogLe PO
rgﬁﬁg 0 ﬁyfg
nge 64 (pr %%ce af t éggé\n{:?%hgggﬂlgsﬁgléggﬁé%eehggle%%?g&o ucesc%rf)g]glsgtlow
Si gir tMEE p ot Es aaisgscrﬁawt sigfial 2ebin’&hes cikpihit idilirXedck gd€eand

di sabl es nultivi brat or to inhibrt transitors 204 and 206. Upon a
subszWiHicts s Céup&pm etogmbn gateéuyd imdmuldivibratorowe’ .14 -

enabl ed,. recei ves a negative-goi ng pul se through capacitor 113 and thus
supmmﬁﬁma hé@h $s gemdbled Said 18Gpphéesbun oscillating signal

qomprisingaa negative pulse with a time duration of approximately
\’&0 millisecond followed by a positive pulse with a time duration

of approximate;y 3 millisecond, to inverters 200 and 202 wherein

the pulse_signal is buffered, inverted and simulténeously

supplied to transitors 204 and 206. Trahsitors 204 and 206 drive - -

transformer 94' which supplies voltage to capacitor 98, thereby

charging this capacitor. When the voltage across capacitor 98 .

approaches a predetermined charge'level (for example,

' approximately 215 VDC) avalanche breakdown of sensing element 100
begins whereby current flows through network 102. =
I\ _ In response to the output from sensing circuit 100 and

a delayed logic high signal from set gate 64 (produced after
switch 60 is closed), gate 106 produces a logic low signal which
enables gate circuit 114', activates ready indicator 140 and

disables multivibrator 66' to inhibit transitors 204 and 206.

Upon a subsequent switch closure, gate circuit 114', which is now
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diécharging capacitor 98 and driving armature 99. The transfornmer secondary -
I s phased so as to back bias diode 208. Upon inhibiting transitors 204 and
206, the nmagnetic energy in transfornmer 94' i.s supplied to capacitor 98. A
thernostat (not shown) may be utilized in a simlar manner as previously
~described for FHg. 1. Therefore, upon applying a D.C. voltage to term nal_
50, nultivibrator 58 is reset, which inhibits nultivibrator 66' and does.
not allow an enabling signal to be provided to gate circuit 114", thus, s
| enabled,t teceivesia megativergoingi pudsésthroughdicapaditdirih®r nore, as
. . imn Fig..'1, the first closure of switch 60 places the apparatus in Fi.g. 2 in
- aandeibus suppdiema clodic highbsignakt towSEBh130o&mereby occurring
within a predetermned tinme as set by tinmer 132, produces a logic high from
gdischarging £apaciior 98 And; dxiving: enagg.reAPBhough a preferred
enbodi ment of the present. inventiogn has been dgscribed I n_detail herein, it
is to be.uthﬁﬁ"ﬁ X 8e¢ otSi Bhased| BRi 28y b Rark Blasise

By Ve B 5 LRl BRI Bl oY, rsa £, oY
| GheREY P i AhdY 48P APPRIST16A P capaditor 9810 LA ME

A thermostat (not shown) may be utilized in a similar
manner as previously described for Fig. 1.

Therefore, upon applying a D.C. voltage to terminal 50,
multivibrator 58 is reset, which inhibits multivibrator 66' and
does not allow an enabling signal to be provided to gate circuit
114', thus, insuring that the circuit powers up in a "safe
condition". Furthermore, as in Fig. 1, the first closure of
switch 60 places the apparatus in Fig. 2 in a "ready" state,
vhereupon, a subsequent switch closure, if occurring within a -
predetermined time as set by timer 132, produces a logic high
from gate circuit 114' thereby driving armature 99.

Although a preferred embodiment of the present
invention has been described in detail herein, it is to be ~
understood that this invention is not limited to that precise

embodiment, and that many modifications and variations may be

effected by one skilled in the art without departing from the
spirit and scope of the invention as defined by the appended

claims.



- 1. Apparatus for drrvrng t he arnature of a battery pomered“devrce
conpri si ng: energy storage neans coupled to said 5 ar
trikggérable to di scharge through said armature to dri ve i’geﬂy!ﬁm
coupled to said energy storage neans forygupplying energy*fr@ntsa
to said energy storage neans; control nmeans coupled to said charge neans
for normally disposing said charge means in a quiescent |ow 10 power state
tosinhibit gpiagmaiergy storage neans from being charged with energy; _
maMal | y operabl e trigger -neans for operating said control means to- drspose.

. sai-d charge means. |n a rel ativel.y 'hi gh power.-stédte to supply energy to.said -

[..energy storage mRneratus Wrﬁm.\hmgarthmramrturperoﬁ maobattetry pawered gger

di t i
sional in r 8650 “?%iiﬁﬁé‘ﬁmem il nﬁgﬂ S &ﬁ%?i; %;1:;99”
i schar gishg axsiatuxee $hrdggpe-ainden :
e from 3% SidE Sk 0Bk @Henﬁeaa  Solphcl tos 58hda°BRsiySEebRage’0
charg

means from ergy If sai neans i S
subsequent | yeaysy aﬁomamimrw FNeFSYe £50Me &3 &R B3¢ §“§5§|¥I i ed

to said enerdpy %@aﬂ@anscézhef&bym@hﬁeoobﬁgual docbaiaecﬁaage means d

t | t at t forth Gl mh
O S Char go Hoeb momme i e AR PP B 3, e, 1

10 power state to inhibit said energy storage means from being
charged with energy; manually operable'trigger means for
. operating said control means to dispose said charge means in
N a relatively high power state to supply energy to said
'energy storage means in response to an initial operation of
15 ‘said trigger means; discharge means coupled to said. trlgger'
means to generate a trigger signal in response to subsequent
operatlon of said trigger means for dlscharglng said energy
storage means through said armature; and timing means for
operating said control means to inhibit said energy storaqe
20 means from being charged with energy if said trigger means
is not subseéuently operated within a predetermined time
after energy is supplled. to said energy storage means
thereby disposing said charge means in said quiescent low
power state.: =
25 |
2. Apparatus as set forth in Claim 1, wherein said charge
means includes sensing means for sensing when energy is



stored-+ﬂ sard—energy storage means to terntnate the supply of energy from

sard d energy storage means. 3.  Apparatus as set forth in
| ﬁh‘lm Hﬂ‘“ﬂﬂl d sensing neans includes a Zener diode. 4. Appar at us

im1, wherein said energy storage neans i s a capacitor.

: Appar at us as set forth in claim1l1, wherein said discharge neans .
|ncludes a silicon control rectifier. 6. Apparatus as set forth in claim
1, wherein said timng nmeans is coupled to sard trrg er neans_ and Top
r em eixt Skl PRErgYFLIrags DeansytR tArmif o ithe RMPRLYnef |

foll d ned. tine:; t t.forth laim®;
b SRR AP .%f@%éﬂérfntphae;damwara 29 a.srt%ene ceut for o

2?8?252”%2?' 1o e RerPe bR RgteR %re%rl'i'ﬁ redn Bdg il

gqﬁ tﬂhiﬂkciﬁﬁfﬁéesmﬁeiﬁhg saigdgharge nmeans further i ncl udes
0SCl 5

means Tor generatrng rrve signals; and transformer means
coupl ed to sgd o s 'E8"BetOFoP RO Mlalih ¥ WHAUL gdpdace neans
ener gy derrved fro sard rive signals. 9. Appar at’'us as set forth in
cl @n %?sigghgrggsgoeapacﬂgags |ncludes a step-up transforner and
a rectr ler - circuit coupled to said step-up transfornmer for

supplyi ng di et  Apparatus as set forth in claim 1, wherein said
discharge means includes a silicon control rectifier.

6. Apparatus as set forth in claim 1, wherein said
timing means is coupled to said trigger means and responsive to
said trigger signal for generating a time-out signal following
said predetermined tine.

7. Apparatus as set forth in claim 6, wherein saiad
timing means includes a resistor-capacitor circuit for supplying
said time-out signal to said control means whereby said energy -«
storage means is inhibited from being charged with energy.

8. Apparatus as set forth in claim 1, wherein said

charge means further includes oscillator means for generatiné-

drive signals; and transformer means coupled to said oscillator ~

means for supplying to said energy storage means energy derived
from said drive signals.
9. Apparatus as set forth in claim 8, wherein said

transformer means includes a step-up transformer and a rectifier



'}current to said energy storage neans 10 Apparatus as. setJf alm T
8, further conprising power reduction neans coupl ed betwee !Hm ”ngm H"I

means .and said transformer neans for inhibiting said drive signa

beikng supplied to said transforner means; and sensing neans for sensing
when energy is .stored in said energy storage neans to activate said power
reduction means, thereby reduci ng energy supplied fromsaid battery. 11.
Apparatus as set forth in claim10, further conprising indicator means

r espdarcuid opupdied mmesaxéokmepmp nmewassforgencf atesuppilydingadiimect gnal

-when sai d. power. .reduction . nmeans s activated.f.of |nd|cat|ng that-energy-is -~

' sto%@%&%%ﬁdgﬁp%ﬂﬂa@@%sﬂeiﬁ- ‘Appar.atus as.set:forth-in ¢lhaim .
1, wherein said charge neans, control - neani and tinmer neans i ncl ude CMOS
solid state ci¥ui APRAFaEHSiaF F9% ToxER BngﬁﬂﬁPlﬁn fugt ﬂﬁparatus as set

22[%“3&?9%1?9;”8 we Fe AT BEARS SOUPLeH RIESER BRL8. BERILAESFonsi ve

o nRalsr PR S%Eiﬁé?cfé%”%?ﬁe@ e ¥k LR 981 FERGSsLER QDY na of - pover

signals from being supplied to said transformer means; and
sensing means for sensing when energy is stored in said energy
stofage means to activate said power reduction means, thereby

| yeducing-energy supplied from said battery.

~ 11. Apparatus as set forth in claim 10, further
comprising indicator means responsive to said power reduction:
means to generate an indication signal when said power reduction
meens is activated for indicating that energy is stored in said
energy storage means.

12. Apparatus as set forth in claim 1, wherein said ..
charge means, control means and timer means include CMOS solid
state circuits for minimizing power consumption.

13. Apparatus as set forth in claim 8, which further

\_Jomprises thermostat means coupled between said battery and said
charge means, said thermostai means being responsive to a

predetermined temperature of said charge means for shutting off

power to said transformer means.

14— Apparatus for driving-a-battery-powered
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