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TWO-CYCLE ENGINE WITH ELECTRONIC FUEL
INJECTION

The present application is a continuation of U.S. Pat.
application Ser. No. 345,081 filed Apr. 28, 1989, now
U.S. Pat. No. 4,901,701, which is a continuation of U.S.
Pat. application Ser. No. 119,626 filed Nov. 12, 1987,
now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates generally to two-stroke
operating cycle engines and, more particularly, to a
two-stroke engine fuel injection system and control
system therefor which are adapted for extreme weather
conditions.

Two-stroke operating cycle engines (two-cycle en-
gines), although less fuel-efficient than four-stroke oper-
ating cycle engines (four-cycle engines), are capable of
developing greater horsepower and torque than a com-
parably-sized four-cycle engine. This feature has led to
the use of two-cycle engines in many environments in
which operating efficiency is secondary to torque and
weight considerations.

Electronically-controlled fuel injection is widely
used in four-cycle engines. In electronic fuel injection
used in four-cycle engines, sensor readings associated
with various engine operating parameters are used to
calculate an optimum fuel/air mixture for the engine.
Fuel is then injected directly into the engine’s cylinders
in the proper amount based upon this electronically
determined fuel/air mixture. In some four-cycle engine
fuel injection systems, the fuel is injected into an air
plenum upstream of the cylinder and is subsequently
allowed to enter the cylinder with the plenum air
through operation of an intake valve. Electronic fuel
injection systems have replaced conventional carbure-
tors in many four-cycle engines, especiaily in the auto-
motive industry. However, fuel injection is not in gen-
eral use with two-cycle engines and has not heretofore
been used with small-displacement two-cycle engines
which are used under severe cold weather conditions,
for a number of reasons. Small two-cycle engines are
used in association with equipment that is relatively
inexpensive as compared to automobiles and other ma-
chines with which electronic fuel injection has been
widely used in the past. In relatively large, expensive
machinery, the cost associated with modifying basic
engine components to enable internal mounting of vari-
ous engine parameter sensors may be justified by in-
creased fuel savings and engine performance and may
amount to a relatively small portion of the purchase
price of such an automobile, etc. In smaller engine envi-
ronments, the cost of internal engine modification to
existing engine assemblies would, in most cases, far
outweigh any fuel savings which might be achieved by
an electronic fuel injection unit and would represent a
substantial increase in the cost of the associated small
machine, e.g. snowmobile, dirt bike, etc., powered by
the two-cycle engine.

Fuel injection systems without electronic controls
have been used on two-cycle engines, but have not been
satisfactory on small-displacement, small-mass two-cy-
cle engines. The reason that fuel injection without elec-
tronic control has not been used successfully in small
two-cycle engines is that such engines lack flywheels
and other high-mass rotating components which tend to
stabilize engine operation. Due to this lack of a large
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rotating mass in such engines, even a short duration
mismatch between the rate at which fuel is actually
delivered to the engine and the optimum engine fuel
rate requirements will cause engine sputter or rapid
deceleration and stalling. Small, two-cycle engines are
especially subject to malfunction under variable operat-
ing conditions such as changes in sea level, with associ-
ated barometric changes and changes in ambient air
temperature. Many machines such as snowmobiles,
snowblowers, dirt bikes, etc., are operated in such
widely variable operating conditions. In view of the
costs associated with engine modification for sensors’
need for electronic control of fuel injectors and in view
of the fact that the engine parameters which are critical
to control of fuel injectors for two-cycle engines were
not, prior to the present invention, understood in the
art, a successful electronically-controlled fuel injection
system for small, two-cycle engines which are subject
to extremes in operating conditions has not been devel-
oped in the prior art.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide an
electronic fuel injection system for a two-cycle engine
which requires no internal modification to the basic
engine assembly.

It is another object of the present invention to pro-
vide an electronic fuel injection control system which
may be readily adapted for use with any conventional
two-stroke cycle engine assembly.

It is another object of the present invention to pro-
vide a relatively small two-stroke cycle engine with
electronic fuel injection which is capable of operation
under variable and extreme conditions of air tempera-
ture and under widely varying barometric pressure
conditions.

It is another object of the present invention to pro-
vide a fuel injection system for a two-cycle engine in
which fuel injection takes place in an air manifold.

1t is another object of the present invention to pro-
vide a fuel injection and control system for a two-cycle
engine in which all fuel injectors simultaneously inject
fuel into portions of an air manifold which are associ-
ated with individual cylinder/crankcases. ~

1t is another object of the present invention to pro-
vide a control system for a electronic fuel injection
system which utilizes relatively inexpensive electronic
components and which is not subject to electronic com-
ponent malfunction associated with low-temperature
operation.

It is another object of the present invention to pro-
vide an electronic fuel injection system for a two-cycle
engine which includes an electronically-stored fuel map
indicative of the optimum fuel requirements for the
engine under standard operating conditions over vari-
able engine speed conditions and variable throttle con-
ditions.

It is another object of the present invention to pro-
vide an electronic fuel injection system which provides
a selected set of operating condition sensor inputs
which do not require internal engine unit modifications
and which provide optimized engine performance.

SUMMARY OF THE INVENTION

The present invention is directed to an electronic fuel
injection system for a smali-two-cycle engine. One as-
pect of the invention is a temperature control assembly
which is operably associated with an electronic central
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processing unit of the type having electronic compo-
nents which are subject to malfunction under low tem-
perature conditions. The electronic components of the
heating assembly are not subject to malfunction under
low temperature conditions and are designed to pro-
duce a heating response which is inversely proportional
to temperature below a predetermined threshold tem-
perature. The heating assembly is preferably mounted
within a relatively small enclosure which also houses
the electronic control system central processing unit.
The heating assembly senses the temperature within the
relatively small enclosure and rapidly heats electronic
components within the relatively small enclosure to a
predetermined temperature in response to sensing an
environmental temperature within the enclosure which
is below the predetermined temperature. The heating
system may be actuated at the same time the electronic
control system is actuated such as by the turning of the
ignition switch of an associated machine, such as a
snowmobile, etc.

Another feature of the present invention is the provi-
sion of an electronically-controlled fuel injection sys-
tem which has a plurality of sensor inputs which are
limited to the sensor inputs which are critical to the
operation of a two-cycle engine and which may be
mounted externally of a main engine assembly compris-
ing a cylinder crankcase, piston, and crankshaft exclu-
sive of the carburetion/fuel injection system therefor.
The electronically-controlled fuel injection system of
the present invention may thus be used without modifi-
cation of existing two-cycle engine assemblies and is
controlled by a CPU which may include a programma-
ble memory device such as an EPROM which may be
selectively programmed for any particular engine as-
sembly with which the electronic fuel injection system
is to be used. Another feature of the invention is the
injection of fuel from a fuel injector into a portion of an
air manifold which is in direct fluid communication
with the crankcase portion of each individual cylinder/-
crankcase assembly. This injection of fuel into a mani-
fold upstream of a crankcase provides mixing of a pre-
cise amount of fuel and air prior to entry of fuel into the
crankcase and also enables all fuel injectors to be
opened and closed simultaneously, rather than being
timed to the operation of each associated piston.

Thus, the present invention may comprise a control
system for controlling the operation of a machine de-
signed to be operated in a relatively broad air tempera-
ture, comprising: (a) at least one performance variable
sensing means for sensing the present state of a prese-
lected variable associated with machine performance
and for generating a performance variable sensing sig-
nal indicative of said present state of said preselected
performance variable; (b) a first data processing means
for receiving and processing said performance variable
sensing signal and for generating a control signal based
upon the processing of said sensing signal for control-
ling at least one operating parameter of said machine;
said data processing means comprising at least one tem-
perature-sensitive electronic circuit component which
is subject to malfunction below a predetermined mal-
function temperature which is within said relatively
broad operating temperature range of said machine; (c)
component environment temperature sensing means for
sensing the temperature within the immediate operating
environment of said temperature-sensitive electronic
circuit component and for generating a temperature
signal representative of the sensed temperature; (d) a
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second data processing means which operates indepen-
dently of said first data processing means and which is
not subject to temperature-related malfunction within
said operating temperature range of said machine for
processing said signal from said component environ-
ment temperature sensing means and generating a heat-
ing control signal responsive thereto when the tempera-
ture in said electronic circuit environment is sensed to
be below said predetermined malfunction temperature;
(e) heating means responsive to said heating control
signal for heating said temperature sensitive electronic
component environment in response to said control
signal; (f) power supply means for providing electric
energy for operating said control system; (g) switch
means for selectively operably electrically connecting
or disconnecting said energy supply means and electri-
cally operated components of said control system.
The present invention may also comprise a fuel injec-
tion system for a two-stroke cycle engine of the type
comprising at least one cylinder, a crankcase associated
with said cylinder, a piston reciprocally mounted in said
cylinder and crankcase; a reciprocally openable and
closable crankcase inlet for enabling combustible fluid
to be drawn into the crankcase, a reciprocally openable
and closable transfer port for transferring combustible
fluid compressed in said crankcase to said cylinder, an
ignition system for igniting compressed combustible
fluid in said cylinder, a reciprocally openable and clos-
able exhaust port in said cylinder for enabling exhaust of
burned combustible fluid from said cylinder, a crank-
shaft connected to said piston for transferring mechani-
cal energy from said piston to a drive unit, and an elec-
trical energy supply source including a battery for oper-
ating the ignition system and other electrical compo-
nents, comprising: (a) air manifold means operably asso-
ciated with said crankcase inlet; (b) throttle valve means
operably positioned in said air manifold means for con-
trolling airflow into said crankcase inlet, said throttle
valve means dividing said manifold means into an up-
stream portion positioned remote from said crankcase
inlet and a downstream portion positioned contiguously
with said crankcase inlet; (c) fuel injection means for
injecting a fine spray of fuel into said downstream por-
tfon of said manifold means whereby a mixture of air
and fuel is provided in said downstream portion of said
manifold means which is subsequently drawn into said
crankcase through said crankcase inlet; (d) fuel supply
means for supplying fuel to said fuel injection means
comprising: (i) fuel reservoir means for holding a vol-
ume of fuel therein and having a reservoir inlet and a
reservoir outlet; (ii) fuel circulation conduit means for
transferring fuel from said fuel reservoir to said fuel
injection means comprising a first end inlet in fluid
communication with said fuel reservoir outlet, a second
end outlet in fluid communication with said fuel reser-
voir inlet and an intermediately positioned fuel injection
outlet positioned in fluid communication with said fuel
injection means; (iii) fuel pump means operatively asso-
ciated with circulation conduit means at a position
thereon between said conduit means first end inlet and
said conduit means fuel injector outlet for pumping fuel
through said circulating conduit; (iv) pressure limiting
regulator means operatively associated with said circu-
lation conduit means at a position thereon between said
conduit means fuel injector outlet and said conduit
means second end outlet for preventing pressure in said
conduit means from exceeding a predetermined maxi-
mum pressure; (e) battery voltage sensing means for





















