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(57) ABSTRACT

A method and system for operating a two-stroke engine
includes a fuel system comprising a fuel pressure sensor,
fuel temperature sensor and a fuel injector and a controller
in communication with the fuel pressure sensor and fuel
temperature sensor. The controller controls the fuel injector
with a fuel pulsewidth determined by determining a begin-
ning time of a window for measuring fuel pressure, deter-
mining an ending time of the window, measuring fuel
pressure between the beginning time and the ending time,
determining a fuel pulsewidth based on the fuel pressure and
fuel temperature and injecting fuel into the two-stroke
engine in response to a desired fuel mass.
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METHOD AND SYSTEM FOR PREDICTING
TRAPPED AIR MASS IN A TWO-STROKE
ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/776,579, filed on Dec. 7, 2018. The
above-mentioned patent application is incorporated herein
by reference in its entirety.

FIELD

[0002] The present disclosure relates to a vehicle engine
and, more particularly, to a method and system for predicting
trapped air mass in a two-stroke engine.

BACKGROUND

[0003] This section provides background information
related to the present disclosure which is not necessarily
prior art.

[0004] A wvehicle, such as a snowmobile, generally
includes an engine assembly. The engine assembly is oper-
ated with the use of fuel to generate power to drive the
vehicle. The power to drive a snowmobile is generally
generated by a combustion engine that drives pistons and a
connected crank shaft. Two-stroke snowmobile engines are
highly tuned, and high specific power output engines that
operate under a wide variety of conditions.

[0005] Traditional two-stroke calibrations are done open
loop because there is no reliable way to measure mass
airflow that is trapped in the combustion chamber due to the
‘stuffing” effect of a highly tuned exhaust. Without a feed-
back loop, calibrations are done with an estimation of
trapped airflow based on some known parameters. The
estimated trapped airflow is used to calculate a required
pulse width to supply the desired amount of fuel to the
engine. Due to the open loop nature of this calibration, the
fueling accuracy is heavily based on the individual engine
and the tolerance stack-up of those components that com-
prise that engine, as well as environmental factors that may
alter actual mass airflow through the system.

SUMMARY

[0006] This section provides a general summary of the
disclosures, and is not a comprehensive disclosure of its full
scope or all of its features.

[0007] The present closed-loop calibration method allows
for more precise fueling on an engine-by-engine basis. The
method allows improved emissions, compensation for
engine deterioration over engine life (DF factor), improved
fuel economy, ‘centering’ the calibration to avoid the rich
and lean instability limits, and compensation for variances in
engine air path components.

[0008] In a first aspect of the disclosure, a method of
controlling a two-stroke engine includes determining a baro-
metric pressure, determining air intake temperature, deter-
mining an engine speed, determining a trapped air mass
estimation based on barometric pressure, intake tempera-
ture, exhaust manifold pressure, tuned pipe pressure and
engine speed generating a fuel pulsewidth in response to the
trapped air mass estimation.

[0009] In another aspect of the disclosure, a method of
operating a two-stroke engine includes determining a begin-
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ning time of a window for measuring fuel pressure, deter-
mining an ending time of the window, measuring fuel
pressure between the beginning time and the ending time,
determining a fuel pulsewidth based on the fuel pressure and
injecting fuel into the two-stroke engine in response to the
pulsewidth.

[0010] In yet another aspect of the disclosure, a system
includes a barometric pressure sensor generating a baromet-
ric pressure signal, a tuned pipe temperature sensor gener-
ating a tuned pipe temperature signal, an exhaust manifold
pressure sensor generating an exhaust manifold pressure
signal, a tuned pipe pressure sensor generating a tuned pipe
pressure signal, an engine speed sensor generating an engine
speed signal, an intake air temperature sensor generating an
intake air temperature signal, a two-stroke engine, a fuel
system comprising a fuel pressure sensor, a fuel temperature
sensor, a fuel injector and a controller in communication
with the fuel pressure sensor and fuel temperature sensor.
The controller controls the fuel injector with a fuel
pulsewidth determined by determining a trapped air mass
estimation in response to the barometric pressure signal, the
tuned pipe temperature signal, the tuned pipe pressure
signal, the exhaust manifold pressure signal, the engine
speed signal and the intake air temperature signal.

[0011] In yet another aspect of the disclosure, a system
comprises a two-stroke engine, a fuel system comprising a
fuel pressure sensor, a fuel temperature sensor and a fuel
injector, a controller in communication with the fuel pres-
sure sensor and fuel temperature sensor. The controller
controls the fuel injector with a fuel pulsewidth determined
by determining a beginning time of a window for measuring
fuel pressure, determining an ending time of the window,
measuring fuel pressure between the beginning time and the
ending time, determining a fuel pulsewidth based on the fuel
pressure and fuel temperature and commanding the injector
to inject fuel into the two-stroke engine in response to a
desired fuel mass.

[0012] Further areas of applicability will become apparent
from the description provided herein. The description and
specific examples in this summary are intended for purposes
of illustration only and are not intended to limit the scope of
the present disclosure.

[0013] FIG. 1 is a perspective view of a snowmobile.
[0014] FIG. 2 is an exploded view of the snowmobile of
FIG. 1.

[0015] FIGS. 2A and 2B are enlarged exploded views of
FIG. 2.

[0016] FIG. 3 is a block diagram of the engine of FIG. 3.
[0017] FIG. 4 is an exploded view of the engine of FIG. 3.
[0018] FIG. 5 is a block diagrammatic view of a system

for controlling a fuel pulsewidth based upon an estimated
trapped air mass.

[0019] FIG. 6 is a flowchart of a method for controlling an
engine based upon trapped air mass.

[0020] FIG. 7 is a flowchart of a method for measuring
fuel pressure within a window.

[0021] FIG. 8 is a detailed flowchart of a method for
measuring fuel pressure within a window.

[0022] FIG. 9 is a diagrammatic view showing timing of
the various events of FIG. 8 with respect to crank angle.
[0023] FIG. 10 is a graph of pressure versus crank angle
relative to the windows illustrated in FIG. 9.
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DETAILED DESCRIPTION

[0024] Examples will now be described more fully with
reference to the accompanying drawings. Although the fol-
lowing description includes several examples of a snowmo-
bile application, it is understood that the features herein may
be applied to any appropriate vehicle, such as motorcycles,
all-terrain vehicles, utility vehicles, moped, scooters, etc.
The examples disclosed below are not intended to be
exhaustive or to limit the disclosure to the precise forms
disclosed in the following detailed description. Rather, the
examples are chosen and described so that others skilled in
the art may utilize their teachings.

[0025] Referring now to FIGS. 1 and 2, one example of an
exemplary snowmobile 10 is shown. Snowmobile 10
includes a chassis 12, an endless belt assembly 14, and a pair
of front skis 20. Snowmobile 10 also includes a front-end 16
and a rear-end 18.

[0026] The snowmobile 10 also includes a seat assembly
22 that is coupled to the chassis assembly 12. A front
suspension assembly 24 is also coupled to the chassis
assembly 12. The front suspension assembly 24 may include
handlebars 26 for steering, shock absorbers 28 and the skis
20. A rear suspension assembly 30 is also coupled to the
chassis assembly 12. The rear suspension assembly 30 may
be used to support the endless belt 14 for propelling the
vehicle. An electrical console assembly 34 is also coupled to
the chassis assembly 12. The electrical console assembly 34
may include various components for displaying engine
conditions (i.e., gauges) and for electrically controlling the
snowmobile 10.

[0027] The snowmobile 10 also includes an engine assem-
bly 40. The engine assembly 40 is coupled to an intake
assembly 42 and an exhaust assembly 44. The intake assem-
bly 42 is used for providing fuel and air into the engine
assembly 40 for the combustion process. Exhaust gas leaves
the engine assembly 40 through the exhaust assembly 44.
The exhaust assembly 44 includes the exhaust manifold 45
and tuned pipe 47. An oil tank assembly 46 is used for
providing oil to the engine for lubrication where it is mixed
directly with fuel. In other systems oil and fuel may be
mixed in the intake assembly. A drivetrain assembly 48 is
used for converting the rotating crankshaft assembly from
the engine assembly 40 into a potential force to use the
endless belt 14 and thus the snowmobile 10. The engine
assembly 40 is also coupled to a cooling assembly 50.
[0028] The chassis assembly 12 may also include a bum-
per assembly 60, a hood assembly 62 and a nose pan
assembly 64. The hood assembly 62 is movable to allow
access to the engine assembly 40 and its associated compo-
nents.

[0029] Referring now to FIGS. 3 and 4, the engine assem-
bly 40 is illustrated in further detail. The engine assembly 40
is a two-stroke engine that includes the exhaust assembly 44
that includes an exhaust manifold 45, tuned pipe 47 and
exhaust silencer 710.

[0030] The engine assembly 40 may include spark plugs
70 which are coupled to a one-piece cylinder head cover 72.
The cylinder head cover 72 is coupled to the cylinder 74
with twelve bolts which is used for housing the pistons 76
to form a combustion chamber 78 therein. The cylinder 74
is mounted to the engine upper crankcase 80.

[0031] The fuel system 82 that forms part of the engine
assembly 40, includes fuel lines 84 and fuel injectors 86. The
fuel lines 84 provide fuel to the fuel injectors 86 which inject
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fuel, in this case, into a port in the cylinder adjacent to the
pistons 76. In other cases, an injection may take place
adjacent to the piston, into a boost box (detailed below) or
into the throttle body. An intake manifold 88 is coupled to
the engine upper crankcase 80. The intake manifold 88 is in
fluidic communication with the throttle body 90. Air for the
combustion processes is admitted into the engine through
the throttle body 90 which may be controlled directly
through the use of an accelerator pedal or hand operated
lever or switch. A throttle position sensor 92 is coupled to the
throttle to provide a throttle position signal corresponding to
the position of the throttle plate 94 to an engine controller
discussed further herein.

[0032] The engine upper crankcase 80 is coupled to lower
crankcase 100 and forms a cavity for housing the crankshaft
102. The crankshaft 102 has connecting rods 104 which are
ultimately coupled to the pistons 76. The movement of the
pistons 76 within the combustion chamber 78 causes a
rotational movement at the crankshaft 102 by way of the
connecting rods 104. The crankcase may have openings or
vents 106 therethrough.

[0033] The system is lubricated using oil lines 108 which
are coupled to the oil injectors 110 and an oil pump 112.
[0034] The crankshaft 102 is coupled to a generator fly-
wheel 118 and having a stator 120 therein. The flywheel 118
has crankshaft position sensors 122 that aid in determining
the positioning of the crankshaft 102. The crankshaft posi-
tion sensors 122 are aligned with the teeth 124 and are used
when starting the engine, as well as being used to time the
operation of the injection of fuel during the combustion
process. A stator cover 126 covers the stator 120 and
flywheel 118.

[0035] Discussed below are various features of the engine
assembly 40 used in the snowmobile 10. Each of the features
relate to the noted section headings set forth below. It should
be noted that each of these features can be employed either
individually or in any combination with the engine assembly
40. Moreover, the features discussed below will utilize the
reference numerals identified above, when appropriate, or
other corresponding reference numerals as needed. Again, as
noted above, while the engine assembly 40 is a two-stroke
engine that can be used with the snowmobile 10, the engine
assembly 40 can be used with any appropriate vehicles and
the features discussed below may be applied to four-stroke
engine assemblies as well.

[0036] The engine assembly 40 also includes an exhaust
manifold 45 that directs the exhaust gases from the engine.
The exhaust manifold 45 is in fluid communication with a
tuned pipe 47. The tuned pipe 47 is specifically shaped to
improve the performance and provide the desired feedback
to the engine assembly 40. The tuned pipe 47 is in commu-
nication with a stinger 134. The tuned pipe 47 has a bypass
pipe 136 coupled thereto. The bypass pipe 136 has an
exhaust gas bypass valve 138 used for bypassing some or all
of the exhaust gases from being directed to a turbocharger
140. Details of the turbocharger 140 are set forth in the
following figures.

[0037] Referring now to FIG. 5, a method for controlling
the engine assembly 40. Although the engine set forth herein
is disclosed as a two-stroke, the teachings set forth herein
apply to four-stroke engines as well. A controller 510 is in
communication with a plurality of sensors. The plurality of
sensors may include a barometric pressure sensor 512, an
intake air temperature sensor 514, a tuned pipe temperature
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516, an engine speed sensor 518, a throttle position sensor
520, a fuel pressure sensor 522, an exhaust manifold pres-
sure sensor 528, a tuned pipe pressure sensor 530 a crank-
case pressure sensor 532 and a transfer port pressure sensor
534. Each sensor generates a respective electrical signal
corresponding to the measured parameter. For example, the
barometric pressure sensor generates a barometric pressure
signal corresponding to the barometric pressure. Barometric
pressure sensor 512 may also be an indication of the
elevation of the vehicle. The intake air temperature sensor
514 generates an intake air temperature signal corresponding
to the intake air temperature of the vehicle. The tuned pipe
temperature sensor 516 generates a temperature signal cor-
responding to the temperature of the exhaust gases within
the tuned pipe. The engine speed sensor 518 generates an
engine speed signal corresponding to the rotational speed of
the engine. The throttle position sensor 520 generates a
throttle position signal corresponding to the position of the
throttle of the vehicle. A fuel pressure sensor 522 generates
a fuel pressure signal corresponding to the pressure of fuel
being injected. A crankshaft position sensor 524 generates a
crankshaft position signal corresponding to the position of
the crankshaft. A fuel temperature sensor 526 generate a fuel
temperature signal corresponding to the temperature of the
fuel. The exhaust gas manifold pressure sensor 528 gener-
ates an exhaust gas manifold pressure signal corresponding
to the manifold pressure. The tuned pipe pressure sensor 530
generates a signal corresponding to the pressure in the tuned
pipe. The crankcase pressure sensor 532 generates a crank-
case pressure signal corresponding to the pressure within the
engine crankcase. The transfer port pressure sensor gener-
ates a transfer port pressure signal corresponding to the
air/fuel mixture traversing through the transfer port of the
engine.

[0038] The controller 510 generates a trapped air mass
estimation from a trapped air mass estimation module 540.
The trapped air mass estimation module 540 may determine
or estimate the trapped air mass which ultimately allows a
more precise fueling and in particular a more precise fuel
pulsewidth determination to control the pulsewidth to the
fuel injectors 86. A fuel pulsewidth determination module
542 determines a fuel pulsewidth based upon the trapped air
mass estimation module 540. Two-stroke engines are diffi-
cult to predict or calculate the trapped air mass. There is no
way to measure mass airflow in a combustion chamber of a
two-stroke. Therefore, an estimation of the trapped air mass
may be determined based upon inputs from the various
sensors. In particular, the barometric pressure, the intake air
temperature, the tuned pipe temperature, the engine speed,
the fuel temperature, the fuel pressure, the exhaust manifold
pressure, the tuned pipe pressure, the crankcase pressure, the
transfer port pressure and the like may all be used to estimate
the trapped air mass so that the required pulsewidth to
provide the amount of fuel to the engine is provided.
Predicted trapped air mass provides a more accurate method
of calculating the necessary injected fuel mass, thereby
reducing inconsistencies found in more typical 2-stroke
calculation methods.

[0039] Referring now to FIG. 6, the method of determin-
ing the fuel pulsewidth based upon the trapped air mass
estimation is set forth. Again, the methods set forth herein
may be applied to two-stroke or four-stroke engines. In step
610 a barometric pressure is determined from the barometric
pressure sensor of FIG. 5. In step 612 the air intake tem-
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perature corresponding to the intake air of the ambient air
around the vehicle is determined. This may be performed by
the intake air temperature sensor 514 as illustrated above. In
step 614 the tuned pipe temperature which corresponds to
the exhaust gas temperature is determined by the tuned pipe
temperature sensor 516 illustrated above. In step 615 the
transfer port pressure is determined. In step 616 the engine
speed of the vehicle is determined. The engine speed cor-
responds to the rotational speed of the crankshaft of the
engine. In step 618 the fuel pressure is determined. In step
619 the manifold pressure is determined. In step 620 the fuel
temperature is determined. In step 621 the tuned pipe
pressure is determined. In step 622 the trapped air mass is
estimated using one or more of the engine speed, the tuned
pipe temperature, the air intake temperature, fuel tempera-
ture, fuel pressure and the barometric pressure, exhaust
manifold pressure, tuned pipe pressure, transfer port pres-
sure, crankshaft pressure and the like.

[0040] In step 624 the fuel pulsewidth based upon the
trapped air mass is determined. The fuel pulsewidth may be
calibrated during the development of the engine to corre-
spond to a particular amount of trapped air mass. In step 626,
the fuel injector is thus operated according to the pulsewidth
to provide the desired amount of fuel to the engine.

[0041] Referring now to FIG. 7, a method for determining
pressure windowing for determining the fuel pressure of the
vehicle is set forth. The accuracy is taken into consideration.
Pressure windowing is used in FIG. 7 which in step 710
determines the beginning of a windowed pressure measure-
ment and thereafter in step 712 fuel pressure measurements
are performed. The fuel pressure measurements are per-
formed before the end of the pressure window as determined
in step 714. That is, step 714 determines the end of a
windowed pressure measurement. Therefore, the measured
fuel pressure is performed at a more accurate position in
time relative to the fuel injection event. In step 716 the
measured fuel pressures are averaged (in the case of regular
samples or integrated over irregular sampling to obtain the
calculated fuel pressure during the window).

[0042] Referring now to FIG. 8, a more detailed series of
steps corresponding to those set forth in FIG. 7 is provided.
In FIG. 8 the crank angle of the start of the electrical
injection or when the current is applied to the injector is
determined in step 810. In step 812 the injector opening time
is added to the crank angle. The fuel acceleration time is also
added to the crank angle of the electrical injection time, in
step 814. The opening time is the mechanical opening time
of the injector. The fuel acceleration time is the delay
between the mechanical opening of the injector and when
fuel actually starts flowing from the injector nozzle. In step
816 the sensor delay is determined and added to the timing
measurements of steps 810, 812 and 814. The four factors,
the electrical injection time, the mechanical opening time,
the fuel acceleration time and the sensor delay, are used to
determine the beginning of the pressure measurement win-
dow. Three factors, the electrical injection time, mechanical
closing time, and the sensor delay are used to determine the
end of the pressure measurement window. In step 818 the
fuel pressure is measured within the window. The fuel
pressure measurement ends at the closing of the window. In
step 820 a crank angle degree at the end of the electrical
injection or when the current is removed from the injector is
determined. The injector closing time is determined in step
822 and the sensor delay time is determined in step 824.
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Thus, step 818 is performed within the window. That is, step
818 is performed at the beginning or after the opening of the
window and before the closing of the window based upon
the mechanical, electrical and sensor delay of the system. In
step 826 the average or calculated (integrated) current fuel
pressure is determined. The pressure measured in step 818 is
averaged with prior fuel pressure measurements taken
within the same injection event to calculate the average or
integrated fuel pressure during the injection event. In step
828 the fuel pulse width using the updated average pressure
is determined. Thus, the average or integration calculations
may be changed over time and thus the fuel pulse width may
be also changed over time.

[0043] Referring now to FIG. 9, a rotational position of the
crankshaft relative to the start of the electrical injection, the
start of the mechanical injection, the fuel injector signal, the
engine top dead center and the calculated pulse width when
the injector is opened from the previous cycles is set forth.
The windowed pressure measurement is always at least one
cycle behind since average fuel pressure is determined based
upon the previous fuel injection event. As can be seen the
sensor delay is also taken in to consideration. The averages
(in the case of equivalent sample lengths) or integrations (in
the case of inequivalent sample lengths) for the opening of
the window and the closing of the window may be per-
formed over time so that the windowed pressure measure-
ment illustrated in FIG. 9 is continually determined. The
calculations take into consideration the sensor delay region
after which the electrical and mechanical injection have
ceased.

[0044] Referring now to FIG. 10, a diagram illustrating the
start of the injector command relative to the mechanical on
time Ton, the sensor delay and the average window are set
forth. The end of the injector command, the Toff correspond-
ing to the mechanical off time and the sensor delay are all set
forth and ultimately correspond to the average window. It
should be noted that “0” is the start of injection event and not
the top dead center.

[0045] Examples are provided so that this disclosure will
be thorough, and will fully convey the scope to those who
are skilled in the art. Numerous specific details are set forth
such as examples of specific components, devices, and
methods, to provide a thorough understanding of examples
of the present disclosure. It will be apparent to those skilled
in the art that specific details need not be employed, that
examples may be embodied in many different forms and that
neither should be construed to limit the scope of the disclo-
sure. In some examples, well-known processes, well-known
device structures, and well-known technologies are not
described in detail.

What is claimed is:
1. A method of controlling a two-stroke engine compris-
ing:

determining a barometric pressure;

determining air intake temperature;

determining an exhaust manifold pressure;

determining a tuned pipe pressure;

determining an engine speed;

determining a trapped air mass estimation based on baro-
metric pressure, intake temperature, engine speed,
tuned pipe pressure and exhaust manifold pressure; and

generating a fuel pulsewidth in response to the trapped air
mass estimation.
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2. The method of claim 1 further comprising operating a
fuel injector in response to the fuel pulsewidth.

3. The method of claim 1 further comprising determining
a tuned pipe temperature and determining trapped air mass
estimation based on the tuned pipe temperature.

4. A method of operating a two-stroke engine comprising:

determining a beginning time of a window for measuring

fuel pressure;

determining an ending time of the window;

measuring fuel pressure between the beginning time and

the ending time;

determining a fuel pulsewidth based on the fuel pressure;

and

injecting fuel into the two-stroke engine in response to the

pulsewidth.

5. The method of claim 4 further comprising averaging
fuel pressure from a plurality of cycles to determine an
average pulsewidth based on average fuel pressure.

6. The method of claim 4 wherein the beginning time is
a function of electrical injection, mechanical injection and
sensor delay.

7. The method of claim 4 wherein determining the begin-
ning time comprises determining a beginning time as a
function of a starting of mechanical injection time.

8. The method of claim 7 wherein determining the begin-
ning time comprises adjusting the beginning time as a
function of electrical injection time.

9. The method of claim 8 wherein determining the begin-
ning time comprises determining the beginning time as a
function of pressure sensor delay time.

10. The method of claim 4 wherein the ending time is a
function of electrical injection, mechanical injection and
sensor delay.

11. The method of claim 4 wherein determining the end
time as a function of ending mechanical injection.

12. The method of claim 12 further comprising determin-
ing the end time comprises determining the end time is a
function of ending of electrical injection.

13. The method of claim 12 wherein determining the end
time comprises determining the end time as a function of
pressure sensor delay time.

14. A system comprising:

a barometric pressure sensor generating a barometric

pressure signal,

a tuned pipe temperature generating a tuned pipe tem-

perature signal;

an engine speed sensor generating an engine speed signal;

an intake air temperature sensor generating an intake air

temperature signal;

a two-stroke engine;

a fuel system comprising a fuel pressure sensor, fuel

temperature sensor and a fuel injector; and

a controller in communication with the fuel pressure

sensor, fuel temperature sensor, and controlling the fuel
injector with a fuel pulsewidth determined by deter-
mining a trapped air mass estimation in response to the
barometric pressure signal, the tuned pipe temperature
signal the engine speed signal and the intake air tem-
perature signal and generating a fuel pulsewidth in
response to the trapped air mass estimation.

15. The system of claim 14 further comprising a tuned
pipe temperature generating a tuned pipe temperature signal
and wherein said controller determines the trapped air mass
in response to the tuned pipe temperature signal.
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16. The system of claim 14 further comprising a tuned
pipe pressure generating a tuned pipe pressure signal and
wherein said controller determines the trapped air mass in
response to the tuned pipe pressure signal.

17. The system of claim 14 further comprising an exhaust
manifold pressure generating an exhaust manifold pressure
signal and wherein said controller determines the trapped air
mass in response to the exhaust manifold pressure signal.

18. A system comprising:

an engine;

a fuel system comprising a fuel pressure sensor, fuel
temperature sensor and a fuel injector;

a controller in communication with the fuel pressure
sensor, fuel temperature sensor and controlling the fuel
injector with a fuel pulsewidth determined by deter-
mining a beginning time of a window for measuring
fuel pressure, determining an ending time of the win-
dow, measuring fuel pressure between the beginning
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time and the ending time, determining a fuel
pulsewidth based on the fuel pressure and fuel tem-
perature and injecting fuel into the two-stroke engine in
response to a desired fuel mass.

19. The system of claim 18 wherein the beginning time is
a function of electrical injection, mechanical injection, fuel
acceleration time, and sensor delay.

20. The system of claim 18 wherein the beginning time
corresponds to a crank angle at a starting of electrical
injection adjusted for mechanical injection, fuel acceleration
time and sensor delay.

21. The system of claim 18 wherein the ending time is a
function of electrical injection, mechanical injection and
sensor delay.

22. The system of claim 16 wherein the ending time
corresponds to a crank angle at an ending of electrical
injection adjusted for mechanical injection and sensor delay.
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