United States Patent [

Gatza et al.

[11] E
145] Reissued Date of Patent:

TR AR A

USOORE34079E
Patent Number: Re. 34,079
Sep. 29, 1992

1541 METHOD AND APPARATUS FOR 4.438.?53 3,3198-1 Cheung ..o 1237198 D
CONSERVING BATTERY POWER IN A 4.581.571 43]‘?82 Hansen ...ocooiiviiinernieaenee 30175 f_]O_;'f’
SNOWMOBILE ELECTRICAL SYSTEM 4,699,109 101987 Hensel ... ]..q:n_f*-i.rS

4.812.677 I/198% Perry 077107

[75] Inventors: Ward K, Gatza; Ronald E. Chasteen, 4.893.605 1/1990 OzaWa .oovviiociieeiieiniiein 1237632

both of Colorado Springs, Colo. 4,917,061 4/1990 Nagakura ........... 1237198 DC

[73] Assignee: Pacer Industries Inc., Branford. FOREIGN PATENT DOCUMENTS

Conn. 2611043 B8/1980 Fed Rep. of Germany ... 123/632

211 Appl. No.: 735,396 Primary Examiner—Willis R. Wolle

(22] Filed Jul. 24, 1991

Related U.S. Patent Documents

Attorney, Agent, or Firm—Richard W. Hanes

157] ABSTRACT

A snowmobile electrical system having a battery con-

Reissue of: | oHe | _
[64] Patent No.: 5,024,205 servation circuit. The system 1S designed 10 conserve
Issued: Jun. 18, 1991 battery power after deactivation of the engine using the
Appl. No.: 502,410 kill switch. even if the key switch 1s left on. Battery
Filed: NMar, 30, 1990 power is normally consumed by continued connection
517 Int. C).: F02P 11/00 of .zh'e miagmprocesgor-based elgctrmpc engine ;cmtml
[;2] U S Ci """"""""""""""""" ‘1“25;:’.65‘;;”12?/]98 DC. unit {ECU) 10 the battery after kill switch activation. To
h T TR O * prevent battery consumption. the ECU monitors the

123/644; 307/10.7
[58] Field of Search .... 123/198 DC, 198 D, 198 DB.
123/478, 598. 630. 632, 644: 307/10.7; 320/13

electrical output of the ignition svstem at a posiion
within the svstem wherein the output 1s dependent on
engine speed. If the output drops 1o a specified level. a

[5¢6] References Cited signal generator in the ECU is activated. Signals from
U.S. PATENT DOCUMENTS the signal generator are directed to a solid state switch-
31395988 7/1968  BEMIET oo 307,/10.7 ‘g(gl?}iz"; r:q];‘ﬁhb:;fsﬁf"Zzgfu;hi]:E‘i‘:;nii?;‘eéhe
3,924,505 1271975 Brungsberg ..o 123/632 h ikt h sUmptic -
4213513 771980 Beck .. 1237198 DC
3218717 841980 Shusier .oirivvinriiicrninn., 3077107 23 Claims, 3 Drawing Sheets

S .

2 — f 20 52 160, 13678 4ol it
E ‘ - 28 ‘__‘ /%% . ’ | 106

> 1 ' .
|G Ralla: ) ;
‘ ’ 141

M 26 = 72 &0 —

; ~ 76 — 32 74 T 112226 o4

‘ A "'—“""" ‘ 62 J } oa

., = 48

I R - I SR S
| |40 § ] e 80 B2 ‘84
| E . | : I e g2
| |42 4 | aE l | 90

T ' | , “““““““ T T T T T T T

:: 36 ' 50 ] / 16~ o
| A 0 B
I 44 E —:'"30 F--12 j
| - T | ]
L_ —_ _?_2.._ —— e e | 120

L




Re. 34,079

Sheet 1 of 3

Sep. 29, 1992

U.S. Patent

<
<

- - ] . - & ) il ] il F
il X N ¥ M M N N

-
'

[As

O
<

.I. --ll-.l .h‘-.‘l‘-.

N~

v VU YU UL Ul

e E-0-6-0-0-9-00-




Re. 34,079

Sheet 2 of 3

Sep. 29, 1992

U.S. Patent

- FIG. 2




Re. 34,079

Sheet 3 of 3

Sep. 29, 1992

U.S. Patent




Re. 34,079

1

METHOD AND APPARATUS FOR CONSERVING
BATTERY POWER IN A SNOWAMOBILE
ELECTRICAL SYSTEM

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention generally relates to snowmo-
bile electrical systems. and more particularly 10 a snow-
mobile electrical system designed to prevent excess
battery discharge.

Snowmobile engines have become increasingly so-
phisticated in recent years. Modern snowmobile engines
include a wide variety of complex mechanical and elec-
tronic components. For example. some snowmobile
engines are now equipped with electronic fuel injection
systemns. The fuel injectors of these systems are oper-
ated by complex digital electronic circuitry in the form
of an electronic control unit (ECU) capable of monitor-
Ing various operating characteristics of the engine, in-
cluding engine/air temperature levels, barometric pres-
sure. RPM., and throttle position. The ECU enables the
fuel injection svstem to properly deliver the correct
amount of fuel to the engine. This type of system 1s
superior to conventional mechanical carburetor systems
which require frequent adjustment and are susceptible
to malfunction during adverse environmental condi-
110ns.

In addition. all snowmobiles also include a device
known as a “kill switch", as well as a conventional kev
switch. The kill switch consists of a mechanical switch
positioned directly adjacent a user’s hand during opera-
tion of the snowmobile. Activation of the switch causes
a disruption in the flow of current in the snowmobile
1gnition system, thereby preventing proper engine 1gnt-
tion. As a result, activation of the kili switch causes the
engine to stop. The key switch also enables and disables
the igmition svstem, and further provides power 10 the
electrical svstem.

However. conventional kill swiich systems do not
cause disconnection of the snowmobile battery from the
ECU, even if the engine has stopped runming. If the key
switch remains in the "on’ or “'run’ position, the ECU
will remain connected to the snowmobile battery, caus-
ing a power drain.

Many snowmobile operators use the kill switch to
turn off the engine during normal use instead of using
the key switch. Thereafter, they leave the snowmobile
for extended periods of time with the key switch re-
maining in the “on"’ position. This often occurs when a
snowmobile operator 1s hunting. ice fishing, etc. As a
result, battery drainage will occur due to continued
connection of the battery to the ECU. When the snow-
mobile operator returns, the snowmobile will not start if
the battery is sufficiently drained to prevent activation
of the fuel injection system and its electrical compo-
nents. Accordingly, the snowmobile operator 1s left
stranded, often in isolated wilderness areas.

A need therefore exists for an improved snowmaobile
electrical system having a sub-system for preventing
battery discharge after activation of the kill switch
under the circumstances described above (e.g. when the
key switch is left on.) The present invention satisfies this
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need in a unique and effective manner. as indicated
below.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
battery conservation system in a snowmobile designed
to prevent battery discharge when the key switch s left
on after activation of the kill switch.

It is another object of the invention to provide a
battery conservation system in a snowmobtle which 15
entirely automatic in operation.

It is 2 further object of the invention to provide a
batiery conservation system in a snowmobile which
uses a mimimal number of operating components.

It is a still further object of the invention to provide a
battery conservation system in a snowmobile which
uses inexpensive, readily available components.

It is an even further object of the invention to provide
a battery conservation system in a snowmobile which 1s
usable in a wide variety of different engines.

In accordance with the foregoing objects. a snowmo-
bile electrical system of improved design 15 disclosed.
Specifically, the system conserves battery power after
deactivation of the engine using the kill switch even if
the kev switch is left on. Normally. activatuon of the kill
switch in snowmobiles having an ECU-controlled fuel
injection system does not disconnect the ECU from the
battery. This resulis in excessive battery discharge 1f the
key switch is left in the “on” positon. The present
invention uses an arrangement of electrical components
which eliminates this problem.

In addition to an ECU having a microprocessor for
controlling fuel delivery, modern snowmobile engines
also include a capacttive discharge umt electrically
connected to the charging coil of the engine alternator.,
In operation, the capacitive discharge unit receives an
electrical current from the alternator, and subsequently
delivers this current to an ignition coill which 1s con-
nected to one or more spark plugs. Activation of the kill
switch (which i1s connected to the capacitive discharge
unit) prevents proper current delivery from the alierna-
tor to the capacitive discharge unit. This prevents the
capacitive discharge unit from delivering electrical
impulses of proper voltage 10 the 1gnition coil. As a
result, the engine stops running. However, the ECU
remains connected to the battery.

In accordance with the present invention, a detection
system within the ECU is provided in which the electri-
cal output of the ignition system 1s monitored. If the
output drops below a specified threshold value, a clock
within the microprocessor of the ECU 1s activated.
After the expiration of a selected time period. the mi-
croprocessor generates a battery disconnection signal
from an internal signal generator. The signal 1s directed
to a solid state switching system electrically positioned
between the battery and the microprocessor. Upon
receipt of the battery disconnection signal, the switch-
ing system disconnects the battery from the ECU. As a
result, battery drainage i1s prevented. This allows the
snowmobile engine to be restarted, even after a long
time period.

These and other objects, features, and advantages of
the invention shall be described below in the following
Brief Description of the Drawings and Detalled De-
scription of a Preferred Embodiment.



Re. 34,079

3
BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 15 a schematic 1lustration of a snowmobile
electrical and ignition system manufactured in accor-
dance with the present invention.

F1G. 218 a partial schematic illustration of an alterna-
tive embodiment of the svstem of FIG. 1

F1G. 3 1s a partial schematic illustration of a further
embodiment of the system of FIG. 1.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

As described herein. a snowmobile electrical system
is provided which conserves battery power after activa-
tion of the emergency kill switch, even if the kev switch
1s left on. The svstem 1s highly efficient and entirely
automatic in operation.

A. Components

A snowmobile electrical system 10 produced in ac-

cordance with the invention 1s schematically illustrated :

in FIG. 1. While the following description shall identify
certain components by part number and manufacturer. a
wide variety of different components by other manufac-
turers mayv be used. The present invention shall not be
limited to the specific components presented herein
which are identified for example purposes only.

With reference 10 FIG. 1. the elecirical system 10
basicallyv includes an ignition svstem 12, fuel mjection
svstem 14, engine control unit (ECU) 16. and a battery
20. all of which eleciricallv communicate with each
other as shown in F1G. 1.

The ignition system 12 includes a conventional alter-
nator 22 provided as original equipment by the snow-
mobile manufacturer having a stator divided primanly
into a lighting coil 24 and a charge coil 26. The hghung
coil 24 1s used to power vanous electrical components
28 of the snowmobile. including but not limited 10 the
headlights. taillights. speedometer, tachometer. and the
like (not shown.) The charge coi1l 26 provides the elec-
trical current necessary to enable the spark plugs 48 1n
the ignition system 12 to operate. as described 1n greater
detail below.

The charge coil 26 is connected to a capacitive dis-
charge unit 30 of a tvpe known 1n the art (Injection
Research Specialists. Inc., part no. 780-1000). The ca-
pacitive discharge unit 30 includes at least one high
voltage capacitor 32 therein (rated at about 1.0 micro-
farads) designed to retain an electrical charge. In the
embodiment of FIG. 1, the capacitive discharge umt 30
further includes rectifier diodes 34, 36 (RCA Co., part
no. SK 3043) and an SCR 38 (silicon controlled recti-
fier; RCA Co. part no. SK 3635). The capacitive dis-
charge umit 30 is connected to the charge coil 26
through leads 40, 42 as shown. The capacitive discharge
unit 30 1s triggered by the ECU 16 or by an additional
coil in the alternator 22 called a pulser coil 44. In the
embodiment of FIG. 1, the pulser coil 44 is energized by
moving magnets (not shown) in the alternator 22 after
the capacitor 32 is charged by the charge coil 26. When
energized, current flows from the pulser coil 44 through
the rectified diode 36 into the gate terminal of the SCR
38. This causes the SCR to switch on and deliver a
current pulse from the capacitor 32 to the primary
winding of a double ended ignition coil 46.

As illustrated, the capacitive discharge unit 30 1s
electrically connected 1o the ignition coil 46 which 1s of
a type known in the art (Automotive Controls Corpora-
tion, part no. AR-210.) The ignition coil 46 receives
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electrical current from the capacitive discharge unit 30
and steps the voltage up to a level sufficient to enable
the spark plugs 48 10 properly fire. For example. the
electrical current delivered from the capacitive dis-
charge unit 30 normally has a voliage of about 300 V
upon delivery to the ignition coil 46. However, the
electrical impulses delivered from the ignition coil 46
have an average voltage of about 20.000 V.

Also included within the electrical system 10 15 a
emergency engine kill switch 50 and a multi-position
key switch 52 of conventional design normally pro-
vided as original equipment by the snowmaobile manu-
facturer. The key switch 52 enables and disables the
ignition system 12 and provides power to the electrical
svstem 10, as indicated above. Specifically, the key
switch 52 shown in FIG. 1 includes two positions la-
belled “run” (ref. no. 54) and “'start” (ref. no. 56) as
illustrated. The start position 56 is electrically con-
nected to a resistor 60 (10K ohm. 0.5 watt) and a transis-
tor 62 {Motorola Co., part no.2N131904}, the function of
which will be described hereinafier.

Activation of the kill switch 50 disrupts the electrical
circuit between the capacitive discharge umt 30 and the
charge coil 26 of the alternator 22. As a result. the ca-
pacitive discharge umt 30 is unable to deliver electrical
power of sufficient voltage to mainiain engine opera-
tion. The kill switch 50 1s primarily designed to deacti-
vate the engine during emergency situations. However,
many snowmobile operators use the kill switch 50 10
stop the engine under normal circumstances instead of
using the key switch 52, causing the battery discharge
problems described above.

The kill switch 50 consists of a conventional two-
position electrical switch provided as original equip-

. ment by the snowmaobile manufacturer. The kill switch

50 mayv be configured in a normally open or closed
position. The circuit of FIG. 1 is designed so that the
kill switch 50 remains in a normally closed position.
Opening of the kill switch 530 1n this circun causes the
engine 10 stop by preventing the passage of return cur-
rent into the capacitive discharge unit 30 from the alter-
nator 22.

In the alternative embodiment of FI1G. 2. the circuit s
modified so that the kill switch 50 is normally tn an open
position. The remaining portions of the circuit not
shown in FIG. 2 are the same as those illustrated in
FIG. 1. With continued reference to FI1G. 2, an addi-
tional ground connection line 66 associated with the
capacitive discharge unit 30 1s provided as illustrated.
Also, an additional source of reststance 70 1s provided
(e.g. a resistor of selectively variable value) which 1s
used to discharge the charge coi1l 26. As a result, electri-
cal current from the charge coil 26 1s shunted to ground.
This prevents the capacitor 32 in the capacitive dis-
charge unit 30 from being charged to a high voltage
when the kill switch 80 1s closed.

The ignition system 12 electrically communicates
with the ECU 16 as illustrated in FIG. 1. Specifically, in
the embodiment of FI1G. 1, leads 72, 74 are provided at
positions 76, 77 so that the output of the charge coil 26
may be directed into the ECU 16. The leads 72, 74 are
designed to provide the ECU 16 with an indication of
the electrical output of the igmuon system 12. How-
ever, the present invention shall not be limited to the
connection of the leads 72, 74 at any specific position in
the ignition system 12. The leads 72, 74 may be con-
nected at any point within the 1gnition system 12 where
electrical output will vary with engine operating speed.
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For example. in the alternative embodiment of FI1G. 3,
the leads 72, 74 mayv be connected at positions 78. 79 so
that the output of the capacitive discharge unit 30 may
be directed into the ECU 16,

In the embodiments of the invention described
herein. lead 72 1s connected to a zener diode 80 (Motor-
ola Co.. part no. IN979A) within the ECU 16. The
zener diode 80 functions as a threshold detector. It will
not allow the passage of an electrical current having a
voltage below a specified level. In the present embodi-
ment, this level is about 56 V (within a vanation of
about 10%¢). Accordingly. when the output of the ca-
pacitive discharge unit 30 is below this voltage level,
current will not flow past the diode 80. In a zener diode,
the applied wvoltage is opposite in polarity from the
voltage which causes forward current flow 1n a rectifier
diode. The zener diode conducts forward current when
the voltage causes what 1s commonly known as "ava-
lanche breakdown’ to occur in the svstem.

Assuming that current is able to pass through the
zener diode 80, the current then passes through a resis-
tor 82 (30K ohm. 0.5 watt) and through an additional
diode 84 (Motorola Co., part no. IN4004). Thereafter,
current from the lead 72 enters an opto-coupler unit 90
(Motorola Co., part no. H11A1). The opto-coupler unit
90 also receives current from the lead 74 of the capaci-
tive discharge unit 30 as illustrated in FIG. 1. Function-
ally. the opto-coupler unit 90 consists of a light emitting
diode positioned adjacent a transistor. The opto-coupler
unit 90 provides ground current 1solation between the
ignition system 12 and the ECU 16. This greatly reduces
the amount of electrical noise in the ECU 16 caused by
firing of the spark plugs 48. The opto-coupler unit 90
allows the transfer of an electrical signal through pho-

tons instead of through direct connection of an electri- :

cal conductor such as copper or gold. Since there 15 no
direct elecinical connection, noise occurring due to the
rapid voltage changes associated with spark plug activ-
ity will not transfer mto the ECU 16. This prevents
electrical interference with the operation of the ECU 16
and the scrambling of logic codes being executed by the
microprocessor therein. Additional functions of the
opto-coupler unit 90 will be described below.

The opto-coupler unit 90 1s electrically connected
through a line 92 having a resistor 94 therein (4.7K ohm,
0.5 watt) to a microprocessor 96 (Motorola Co., part no.
MC68HCI11). The resistor 94 performs a function
known as “pullup”. When the output transistor within
the opto-coupler unit 90 turns off, 1t stops drawing
current through the resistor 94. Thus, when the opto-
coupler unit 90 1s “on”, line 92 will contain about O
volts. When the opto-coupler unit 90 i1s “off”’, line 92
will contain about 35 volts.

The microprocessor 96 includes a clock 98, a signal
detector 100, a battery disconnection signal generator
102, a fuel injector signal generator 104, and a fuel pump
signal generator 106. The signal generator 104 controls
at least one fuel injector 108 (Injection Research Spe-
cialists Inc., part no. 525-0020) 1n the fuel injection sys-
tem 14. Likewise, the signal generator 106 controls a
fuel pump 120 (Injection Research Specialists, Inc., part
no. 525-0002) which delivers fuel to the fuel injector
108. The signal detector 100 is designed to receive the
output of the ignition system 12 passing into the micro-
processor 96 through the line 92, as described in greater
detail in the “Operation” section below.

The signal generator 102 of the microprocessor 96 is
connected to the base of a transistor 122 (Motorola Co.,
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part no 2N3904) through a line 124 having a resistor 126

therein (4.7K ohm. 0.5 watt). In addivon. the micro-
processor 96 is connected through a line 130 to a sohd
state (series pass type) voltage regulator 132 (+5 volt
DC. Motorola Co.. part no. MC 7805). In turn. the
voltage regulator 132 is connected through a line 136 10
the collector of a transistor 140 (Motorola Co.. part no.
MIF107). The emitter of the transistor 140 1s connected
to the “run” position 54 of the key switch 82 as illus-
trated. The collector of the transistor 122 1s electrically
coupled to the base of the transistor 140 through a resis-
tor 141 (3.3K ohm. 0.5 watt). Likewise, the collector of
the transistor 122 i1s connected to the collector of the
transistor 62 as shown. The function of transistors 62,
122. 140 will be described hereinafter.

In a preferred embodiment. the microprocessor 96.
transistors 62, 122, 140. voltage regulator 132, resistors
60. 82. 94, 126, 141, zener diode 80. diode 84, and opto-
coupler unit 90 may be manufactured as a pre-assembled
module which comprises the ECU 16 (e.g. Injection
Research Specialists Co., part no. 780-1000). However,
the present invention shall not be limited to any specific
type or arrangement of components, or to any particu-
lar manufacturers.

Finallv. the key switch 52 1s connected to a 12 volt
DC storage battery 20 known in the art (Power Sonic
Co., part no. P§S1216.).

B. Operation

To start the snowmobile, the kev switch 52 1s turned
momentarily to the start position 56. This turns on tran-
sistors 62. 140, and allows electrical power to flow nto
the microprocessor 96. In the microprocessor 96, the
signal generator 102 turns on transistor 122. Thereafter,
the engine operates normally. with the keyv switch re-
maining in the run position 54.

During engine operation. the electrical output from
the ignition system 12 (generally in the form of pulses
each being about 300 V in magnitude) is directed into
the ECU 16 so that the output may be detected and
analyzed. If the output voltage is less than a specified
threshold value (e.g. about 50 V), the ECU 16 will
disconnect itself from the battery 20. This ts specifically
accomplished as described below.

First, the electrical output passing through lead 72,
zener diode 80, resistor 82, and diode 84 1s directed into
the opto-coupler unit 90. The opto-coupler umt 90 also
receives the electrical output passing through lead 74.
In addition to the functions described above, the opto-
coupler unit 90 converts the electrical output from the
ignition system 12 to a series of logic level signal pulses,
each pulse having an initial voltage of about 4.0 V or
greater and decreasing or ‘‘transitioning’ to level of
about 1.0 V or less (e.g. between 5.0 and 0 V 1n a pre-
ferred embodiment). In accordance with the invention,
each pulse i1s defined as a “'negative going voltage transi-
tion.”

The signal detector 100 of the microprocessor 96
monitors the negative going voltage transitions, and
determines if there are any gaps of a selected time per-
100od therebetween. The gaps described herein result
when the kill switch 80 i1s activated which causes the
output voltage from the ignition system 12 to drop
below the specified threshold level (e.g. 50 V). Thus,
when the output voltage drops below the threshold
level, gaps between the negative voltage transitions will
appear which are monitored by the signal detector 100.
In a preferred embodiment. if more than 180 millisec-
onds passes between transitions due to stoppage of the
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engine (O RPM) caused by activation of the kill swatch
50. the clock 98 in the microprocessor 96 initiahzes and
begins counting down for a selected time period (e.g.
about 2.0 minutes). If normal voltage transitions resume
prior 1o expiration of the selected time period, the ECU
16 will remain in operation. Otherwise. upon termina-
tion of the selected time period. the battery disconnec-
nion signal generator 102 sends a command signal to the
transistors 62, 122. 140 causing them to switch off. As a
result, power from the batiery 20 1s not allowed to flow 10
through the voliage regulator 132 and into the micro-
processor 96. This deactivatles the entire ECU 16 (in-
cluding the microprocessor 96) and prevents undesired
battery drainage in an entirely automatic manner even if
the kKev switch 32 remains on (e.g. in the run position 15
54).

The present invention represents an advance in the
art of snowmobile electrical sysiems. It prevents battery
drainage during activation of the vehicie kill swiich, as
indicated above. As a result. the snowmobile operator 20
can use the kill switch for emergency or non-emergency
purposes without being stranded due to battery dis-
charge.

Having herein described a preferred embodiment of
the invention. 1t 1s anticipated that suttable modifica- 25
tions mav be made thereto by individuals skilled in the
art within the scope of the invention. For example, the
present INVEnton monitars 1gnition system output (or
lack thereof) 10 determine when ECU /battery discon-
nection should take place. This mayv ultimately be tm- 30
plemented in many wavs. The invention shall therefore
be construed only in accordance with the following
claims

We claim:

1. In a snowmobile engine having a battery and at 3%
least one spark plug. an electronically controlied fuel
Svstem comprising:

fuel injection means for the delivery of fuel to said

engine during the operauon thereof;

ignition means for providing an electrical output to 40

said spark plug sufficient 10 enable said plug to
ignite s 1d fuel delivered by said fuel mmjection
means;

electronic control means electrically connected to

sald battery for controlling the operation of said 45
fuel injection means, said electronic control means
COmMPprising a microprocessor having detector
means therein electrically coupled to said ignition
means for determining when said electrical output
of said ignition means drops below a mimmum 50
threshold level, said microprocessor further com-
prising signal generator means for generating a
battery disconnection signal when said detector
means determines that said electrical output of said
ignition means i1s below said threshold level: and 55
switch means electrically coupled between said bat-
tery and said microprocessor for receiving said
battery disconnection signal from said signal gener-
ator means and disconnecting said electronic con-
trol means from said battery when said battery 60
disconnection signal ts received.

2. The apparatus of claim 1 wherein said micro-
processor further comprises clock means operatively
connected to said signal generator means for delaving
the generating of said battery disconnection signal for a 65
selected time interval after said detector means deter-
mines that said electrical output of said 1gnition means 1s
below said threshold level.

t_n
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3. The apparatus of claim 1 further comprising emer-
gency engine deactivation means in electrical communi-
cation with said ignition means for reducing said electri-
cal output of said 1gnition means below said threshold
level.

4. The apparatus of claim 3 wherein said emergency
engine deactivation means comprises a manually opera-
ble switch electrically coupled 1o said ignition means.

S. The apparatus of claim 1 wherein said gnttion
Means COmprises:

an alternator for producing an electrical current;

an electrical discharge unit having at least one capaci-

tor therein for receiving said current from said
alternator and storing said current; and

an ignition coil for receiving said current stored

within said capacitor of said electrical discharge
unit, said ignition coil generating an electrical im-
pulse for dehvery to said spark plug of sufficient
magnitude to enable said engine 10 operate

6. The apparatus of claim 5 further comprising a
manually operable emergency engine deactivation
switch in electrical communication with said electrical
discharge unit, the activation of said switch preventing
sald 1gmition coil from generating said electrical im-
pulse.

7. The apparatus of claim 5 wherein said alternator
comprises a charge coil therein, said detector means of
said microprocessor being elecirically connected to said
charge coil.

8. The apparatus of claim 1 wherein said fuel injection
means comprises a fuel pump. and at least one fuel injec-
tor having fuel delivered thereto by said fuel pump.

9. The apparatus of claim 1 wherein said electronic
control means further comprises conversion means for
converting said electrical output of said 1gnition means
to a series of logic level signal pulses. said logic level
signal pulses being detected by said detector means.

10. The apparatus of claim 9 wherein said conversion
means comprises an opto-coupler unit electrically cou-
pled to said microprocessor.

11. In a snowmobile engine having a battery and at
least one spark plug, an electrically controlled fuel sys-
tem COmMprising:

fuel imjection means for the delivery of fuel to said

engine during the operation thereof comprising a
fuel pump and at least one fuel injector having fuel
delivered thereto by said fuel pump;,

ignition means for providing an electrical output to

said spark plug sufficient to enable said plug to
ignite said fuel delivered by said fuel injection
means, said ignition means comprising an alterna-
tor for producing an electrical current, an electrical
discharge unit having at least one capacitor therein
for recerving said electrical current from said alter-
nator and storing said current, and an 1gnition coil
for receiving said current stored within said capaci-
tor of said electrical discharge unit, said ignition
coil generating an electrical impulse for delivery to
said spark plug of sufficient magnitude to enable
said engine to operate;

electronic control means connected to said battery

for controlling the operation of said fuel mnjection
means, said electronic control means comprising a
microprocessor having detector means therein
electrically coupled to said i1gnition means for de-
termining when the electrical output of said igni-
tion means 1s below a minimum threshold level,
said microprocessor further comprising signal gen-
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erator means for generating a battery disconnec-
non signal when said detector means determines
that said electrical output of said ignition means is
below said threshold level. and clock means for
delaying the generation of said battery disconnec-
tion signal by said signal generator means for a
selected time interval after said detector means
determines that said electrical output of said igni-
tion means Is below said threshold level;

switch means electrically coupled between said bat- 10

tery and said mcroprocessor for receiving said
battery disconnection signal from said signal gener-
ator means and disconnecting said electronic con-
trol means from said battery when said battery
disconnection signal 1s received; and 15
a manually operable emergency engine deactivation
swilch 1n electrical communication with said elec-
trical discharge unit, the activation of said switch
causing said electrical output of said ignition means
to be below said threshold level. 20

12. The apparatus of claim 11 wherein said alternator
comprises a charge coil therein, said detector means of
sald microprocessor being electrically connected to said
charge coil.

13. The apparatus of claim 11 wherein said electronic
control means further comprises conversion means for
converting said electrical output of said ignition means
10 a series of logic level signal pulses, said logic level
signal pulses being detected by said detector means.

14. In a snowmobile engine having a battery and at 30
least one spark plug. an electrically controlled fuel svs-
iem comprising:

fuel injection means for the delivery of fuel to said

engine during the operation thereof comprising a
fuel pump and at least one fuel injector having fuel 35
delivered thereto by said fuel pump:;
ignition means for providing an electrical output to
said spark plug sufficient to enable said plug to
ignite said fuel delivered by said fuel injection
means. said 1gnmition means comprising an alterna- 40
tor for producing an electrical current. an electrical
discharge unit having at least one capactitor therein
for receiving said electrical current from said alter-
nator and storing said current, and an ignition coil
for receiving said current stored within said capaci- 45
tor of said electrical discharge unit, said ignition
coil generating an electrical impulse for dehivery to
sald spark plug of sufficient magnitude to enable
said engine to operate;
conversion means for converting said electrical out- 50
put of said ignition means to a series of logic level
signal pulses, each of said pulses being separated by
a specified time period;

electronic control means connected to said battery
for controlling the operation of said fuel injection 55
means, satd electronic control means comprising a
microprocessor having detector means therein
electrically coupled to said ignition means for de-
termining if each logic level signal pulses is sepa-
rated by less than said specified time period, said 60
microprocessor further comprising signal genera-
tor means for generating a battery disconnection
signal when said detector means determines that
each of said logic level signal pulses is separated by
less than said specified time period, and clock 65
means for delaving the generation of said battery
disconnection signal by said signal generator means
for a selected time interval after said detector
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means determines that each of said logic level sig-
nal pulses 1s separated by less than said specified
time period; and

switch means electrically coupled between said bat-

terv and said microprocessor for receiving satd
battery disconnection signal from said signal gener-
ator means and disconnecting said electronic con-
trol means from said battery when said battery
disconnection signal 1s received.

1S. A method for conserving battery power In a
snowmobile having an engine. a battery, at least one
spark plug. fuel injection means for delhivering fuel to
said engine, 1gnition means for providing an electrical
output to said spark plug sufficient to enable said plug to
ignite said fuel delivered by said fuel injection means,
and electronic control means electrically connected to
sald battery for controlling the operauion of said fuel
injection means comprising the steps of:

sensing said electrical output of said ignition means:

determining if said electrical output is below a mini-

mum threshold level; and

automatically disconnecting said electronic control

means from said battery if said output is below said
threshold level.

16. The method of claim 15 further comprising the
step of delaying said disconnecting of said electronic
control means from said battery for a selected time
interval after said determining 1f said electrical output 1s
below said threshold level.

17. The method of claim 15 wherein said disconnect-
ing of said electronic control means from said battery
comprises the steps of:

providing switching means for controlling the flow

of electrical current from said battery 10 said elec-
tronic control means. said switching means allow-
ing said electrical current to flow from said battery
to said electronic control means during the opera-
tion of said engine: and

causing said switching means to prevent said electri-

cal current from flowing to said electronic control
means for said battery when said electrical output
1s below said threshold level.

18. The method of claim 15 further comprising the
step of converting said electrical output of said i1gnition
means to a series of logic level signal pulses.

19. The method of claim 18 wherein satd determining
if sard electrical output of said ignition means is below a
mimmum threshold level comprises checking the
amount of time between each of said pulses, said discon-
necting of said electronic control means from said bat-
tery occuring when the amount of ime between each of
said pulses exceeds a specified value.

20. A method for conserving battery power in a
snowmobile having an engine, a battery, at least one
spark plug, fuel mjection means for delivering fuel to
said engine. ignition means for providing an electrical
output to said spark plug sufficient to enable s id plug to
ignite said fuel delivered by said fuel injection means,
and electronic control means electrically connected to
said battery for controlling the operation of said fuel
Injection means comprising the steps of:

providing switching means for controlling the flow

of electrical current from said battery to said elec-
tronic control means. said switching means allow-
ing said electrical current to flow from said battery
to said electronic control means during the opera-
tion of said engine;

sensing said electrical output of said ignition means;
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determining if saxd electrical output 1s below a mini-

mum threshold level: and

causing said switching means to prevent said electn-

cal current from flowing 1o said electronic control
means from said battery after the expiration of a
selected time delay interval beginning when said
electrical output 1s determined to be below said
threshold value

21. The method of claim 20 further comprising the
step of converting said electrical output of said 1gnition
means to a series of logic level signal puises.

22. The method of claim 21 wherein said determining
of said electrical output of said 1ignition means s below
a minimum threshold level comprises checking the
amount time between each of said pulses. said discon-
necting of said electronic control means from said bat-
terv occuring when the amount of time between each of
said pulses exceeds a selected value.

23. A method for conserving battery power in a
snowmobile having an engine, a battery. at least one
spark plug. fuel injection means for dehvering fuel to
said engine, igmtion means for providing an electrical
outpul to said spark plug sufficient 1o enable said plug 10
ignite said fuel delivered by said fuel injection means.
and electronic control means electrically connected to
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said battery for controlling the operation of said fuel
injection means comprising the steps of;

providing switching means for controlling the flow
of electrical current from said battery to said elec-
tronic control means. said switching means allow-
ing said electrical current 1o flow from said battery
to said electronic control means during the opera-
tion of said engine:

providing signal generating means within said elec-
tronic control means for producing a battery dis-
connection signal.

converting said electrical output of said ignition
means to a series of logic level signal pulses;

checking the amount of time between each of said
pulses; and

activating said signal generating means if the amount
of time between each of said pulses exceeds a se-
lected value in order to produce said battery dis-
connection signal and deliver said battery discon-
nection signal to said switching means. said battery
disconnection signal causing said switching means
to prevent the flow of said electrical current to said

electronic control means from said battery.
* ¥ » L ¥
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