
(19) United States 
US 20090064976A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0064976 A1 
Carr et al. (43) Pub. Date: Mar. 12, 2009 

(54) LEARN CORRECTION FEATURE FOR 
VIRTUAL FLEX FUEL SENSOR 

(76) Inventors: Mark D. Carr, Fenton, MI (US); 
Louis A. Avalone, Milford, MI 
(US); Ian J. MacEwen, White 
Lake, MI (US); Wajdi B. Hamama, 
Whitmore Lake, MI (US); Julian R. 
Verdejo, Farmington, MI (US) 

Correspondence Address: 
GENERAL MOTORS CORPORATION 
LEGAL STAFF 
MAIL CODE 482-C23-B21, PO BOX300 
DETROIT, MI 48265-3000 (US) 

(21) Appl. No.: 11/853,470 

(22) Filed: Sep. 11, 2007 

Min/Max Calculating 
Module 

Baseline CLC values 

Initial Fuel 
Volume Ethanol Estimating 

Initial Ethanol Module 
Concentration 

112 

Thresholds Enable 

Baseline CLC 
values 

Module 

Ethanol Estimate 

Baseline CLC Check 

Publication Classification 

(51) Int. Cl. 
F02D 4/4 (2006.01) 

(52) U.S. Cl. ........................................................ 123/674 
(57) ABSTRACT 

A system for estimating fuel concentration comprises an 
ethanol estimating module that generates an ethanol estimate 
based on baseline closed loop corrections (CLC). A fuel 
system module controls fuel to an engine and generates a fuel 
system error. The ethanol estimating module selectively 
adjusts the baseline CLC and the ethanol estimate based on 
the fuel system error. A method for estimating fuel concen 
tration comprises generating an ethanol estimate based on 
baseline closed loop corrections (CLC); controlling fuel to an 
engine and generating a fuel system error, and selectively 
adjusting said baseline CLC and said ethanol estimate based 
on said fuel system error. 
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LEARN CORRECTION FEATURE FOR 
VIRTUAL FLEX FUEL SENSOR 

FIELD 

0001. The present disclosure relates generally to vehicle 
fuel control systems, and more particularly to systems and 
methods for estimating fuel composition. 

BACKGROUND 

0002 Closed loop fuel control systems may be used in 
gasoline-powered vehicles to maintain an operating air-fuel 
(A/F) ratio at stoichiometry. Stoichiometric values, however, 
can vary with fuel composition. For example, when fuel is 
added to a vehicle fuel tank, it mixes with fuel already in the 
tank. Gasoline or ethanol in varying mixtures can be added to 
gasoline or ethanol already in the tank. 
0003) If the added fuel has a different composition from 
that of the fuel already in the tank, the engine of the vehicle 
may need to operate at a different stoichiometric value after 
the refueling. Currently manufactured vehicles may include a 
hardware sensor or estimation algorithm that senses and com 
municates ethanol content in fuel to other systems in the 
vehicle. 

SUMMARY 

0004. A system for estimating fuel concentration com 
prises an ethanol estimating module that generates an ethanol 
estimate based on baseline closed loop corrections (CLC). A 
fuel system module controls fuel to an engine and generates a 
fuel system error. The ethanol estimating module selectively 
adjusts the baseline CLC and the ethanol estimate based on 
the fuel system error. 
0005. A method for estimating fuel concentration com 
prises generating an ethanol estimate based on baseline 
closed loop corrections (CLC); controlling fuel to an engine 
and generating a fuel system error, and selectively adjusting 
said baseline CLC and said ethanol estimate based on said 
fuel system error. 
0006 Further areas of applicability of the present disclo 
sure will become apparent from the detailed description pro 
vided hereinafter. It should be understood that the detailed 
description and specific examples, while indicating exem 
plary embodiments of the disclosure, are intended for pur 
poses of illustration only and are not intended to limit the 
Scope of the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The present disclosure will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 
0008 FIG. 1 is a functional block diagram of a vehicle 
including a fuel composition estimation system according to 
the present disclosure; 
0009 FIG. 2 is a functional block diagram of an exem 
plary control module according to the present disclosure; and 
0010 FIG. 3 is a flow diagram of a method for estimating 
fuel composition according to the present disclosure. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0011. The following description of various embodiments 
of the present disclosure is merely exemplary in nature and is 
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in no way intended to limit the disclosure, its application, or 
uses. For purposes of clarity, the same reference numbers will 
be used in the drawings to identify similar elements. As used 
herein, the term module and/or device refers to an application 
specific integrated circuit (ASIC), an electronic circuit, a 
processor (shared, dedicated, or group) and memory that 
execute one or more Software or firmware programs, a com 
binational logic circuit, and/or other Suitable components that 
provide the described functionality. 
0012. The present disclosure monitors fuel system errors 
after an ethanol estimate has been completed and allows a 
calibrated amount of the fuel system error or fuel trim (FT) to 
be assigned to the ethanol estimate if the observed fuel system 
error is greater than a calibrated threshold. The error may also 
be used to adjust the baseline closed loop corrections (CLCs) 
that are used as the reference point for the ethanol estimation. 
0013 The calibrated amount of fuel system error that is 
used to adjust the ethanol estimate and baseline CLC is less 
than the known typical fuel system error, which can be attrib 
uted to air meter wear, injector wear, fuel pressure regulator 
wear and/or injector plugging. To remain compliant with on 
board diagnostic (OBD) fuel trim diagnostic requirements, 
the learn correction may be selectively enabled after each 
refuel event to avoid continuously shifting any fuel system 
error to the ethanol estimate. More frequent adjustments may 
lead to assigning real fuel trim faults into the ethanolestimate. 
Additionally, the learn correction may be enabled when the 
baseline closed loop corrections (CLC) (used as the reference 
point for the ethanol estimation) had just been learned in a 
predetermined “good region (operating cell) where the 
closed loop system is normally expected to be stable. 
0014 Referring now to FIG. 1, a vehicle including a fuel 
composition estimation system is indicated generally by ref 
erence number 20. The vehicle 20 may be fueled with gaso 
line and/or ethanol in various concentrations. Fuels appropri 
ate for the vehicle 20 include but are not limited to gasoline, 
E85 (an alcohol fuel mixture that typically contains a mixture 
of up to 85% denatured fuel ethanol and gasoline or other 
hydrocarbon by volume), E70, E 10 or other fuel concentra 
tions. 

0015 Fuel is delivered to an engine 22 from a fuel tank 26 
through a fuel line 28 and through a plurality of fuel injectors 
32. A fuel sensor 30 senses a level of fuel in the tank 26 and 
communicates the fuel level to a control module 42. Air is 
delivered to the engine 22 through an intake manifold 34. 
0016. An electronic throttle controller (ETC) 36 adjusts a 
throttle plate 38 that is located adjacent to an inlet of the 
intake manifold 34 based upon a position of an accelerator 
pedal 40 and a throttle control algorithm that is executed by 
the control module 42. In controlling operation of the vehicle 
20, the control module 42 may use a sensor signal 44 indicat 
ing pressure in the intake manifold 34. The control module 42 
also may use a sensor signal 46 indicating mass air flow 
entering the intake manifold 34 past the throttle plate 38, a 
signal 48 indicating air temperature in the intake manifold 34. 
and a throttle position sensor signal 50 indicating an amount 
of opening of the throttle plate 38. 
0017. The engine 22 includes a plurality of cylinders 52 
arranged in one or more cylinder banks 56. The cylinders 52 
receive fuel from the fuel injectors 32 where it undergoes 
combustion in order to drive a crankshaft 58. Vapor from the 
fuel tank 26 can be collected in a charcoal storage canister 60. 
The canister 60 may be vented to air through a vent valve 62. 
The canister 60 may be purged through a purge valve 64. 
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When vapor is purged from the canister 60, it is delivered to 
the intake manifold 34 and burned in the engine cylinders 52. 
The control module 42 controls operation of the vent valve 
62, purge valve 64, fuel injectors 32 and ignition system 54. 
The control module 42 also is connected with an accelerator 
pedal sensor 66 that senses a position of the acceleratorpedal 
40 and sends a signal representative of the pedal position to 
the control module 42. 
0018. A catalytic converter 68 receives exhaust from the 
engine 22 through an exhaust manifold 70. Each of a pair of 
exhaust sensors 72, e.g., oxygen sensors, is associated with a 
corresponding cylinder bank56. The oxygen sensors 72 sense 
exhaust in the manifold 70 and deliver signals to the control 
module 42 indicative of whether the exhaust is lean or rich. 
The signal output of the oxygen sensors 72 is used by the 
control module 42 as feedback in a closed-loop manner to 
regulate fuel delivery to each cylinder bank 56, e.g., via fuel 
injectors 32. It should be noted that configurations of the 
present disclosure are also contemplated for use in relation to 
vehicles having a single bank of cylinders and/or a single 
exhaust manifold oxygen sensor. 
0019. In some implementations, the sensors 72 are switch 
type oxygen sensors as known in the art. The control module 
42 may use the sensor 72 feedback to drive an actual air-fuel 
ratio to a desired value, usually around a stoichiometric value 
which may vary depending upon the concentrations of etha 
nol and gasoline. A plurality of predefined engine operating 
regions are referred to by the control module 42 in controlling 
fuel delivery to the engine 22. Operating regions may be 
defined, for example, based on speed and/or load of the 
engine 22. The control module 42 may perform control func 
tions that vary dependent on which operating region of the 
vehicle is currently active. 
0020 Fuel, air and/or re-circulated exhaust to the engine 
22 may be adjusted, i.e., trimmed, to correct for deviations 
from a desired air-fuel ratio. Trim values used to make such 
corrections may be stored in control module 42 memory 
locations corresponding to a plurality of predefined closed 
loop air-fuel ratio control cells (also referred to as sub-re 
gions) associated with the operating regions of the vehicle 20. 
Cell values are used to provide closed-loop fuel, air and/or 
re-circulated exhaust control. For example, long-term multi 
pliers (LTMs) may be used to provide long-term corrections 
to fuel commands to the engine 22 in response to changing 
engine conditions. LTMS typically are stored in a memory 
lookup table in non-volatile memory. The control module 42 
adjusts LTMS periodically in accordance with a long-term 
time period, e.g., using a period that is longer than 1 second 
Such as ten seconds. Such adjustment may be referred to as 
“long-term learning. 
0021 Additionally or alternatively, short-term integrators 
(STIs) may be used to provide short-term corrections to fuel 
commands to the engine 22 in response to engine conditions. 
The control module 42 adjusts STIs periodically in accor 
dance with a short-term time period, e.g., using a period that 
is less than one second such as every 6.25 milliseconds. Such 
adjustment may be referred to as “short-term learning. An 
STI may be stored in volatile memory and may be adjusted 
based on an active cell LTM and a signal of the oxygen sensor 
72. 

0022. In accordance with one implementation of the 
present disclosure, the control module 42 maintains a fuel 
trim memory structure (such as a lookup table for example) 
for use in estimating fuel composition. A plurality of closed 
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loop correction (“CLC) cells can be associated with each 
cylinder bank 56. For example, eight cells may be provided 
for each bank 56. CLC cells are defined based on mass air 
flow to the engine 22 and may be used to record a total 
closed-loop fuel trim of the engine 22 at various operating 
conditions. The control module 42 stores baseline closed loop 
correction values for the engine operating regions in the CLC 
cells. Baseline CLC values may be updated when purge is 
commanded off as further described below. The baseline CLC 
values provide a basis for determining new fuel/air estimates. 
0023. CLC cell values are stored in non-volatile memory. 
A CLC value is obtained by multiplying LTM and STI cor 
rections for an active closed-loop fuel control cell. In other 
configurations, CLC values may be combined in other ways. 
For example, a CLC value may be obtained in another con 
figuration by adding LTM and STI corrections for an active 
closed-loop fuel control cell. In the present configuration, the 
control module 42 uses separate structures for closed loop 
fuel control and for fuel composition estimation. The struc 
tures are separate so that the fuel composition estimation 
structure may remain current over ignition cycles, even 
though the closed loop fuel control structure might be reset 
upon vehicle system power-up. It should be noted generally 
that configurations also are contemplated in which a vehicle 
control module may use a single memory structure for both 
closed loop fuel control and fuel composition estimation. 
Further details of a control module that estimates fuel com 
position according to the present teachings may be found in 
commonly owned U.S. Pat. No. 7,159,623, the disclosure of 
which is incorporated by reference in its entirety. 
0024. Referring now to FIG. 2, an exemplary control mod 
ule 42 includes a min/max calculating module 110, an ethanol 
estimating module 112, a fuel system module 116, a refuel 
event determining module 124, and a baseline CLC check 
module 128. 
0025. The ethanol estimating module 112 receives an ini 

tial fuel volume, an added fuel volume and an initial ethanol 
concentration value and generates lower and upper limits that 
are used during ethanol estimation. The ethanol estimating 
module 112 also maintains baseline CLC values. 
0026. The min/max calculating module 110 determines 
minimum and maximum CLC values (CLC, and CLC, 
respectively) for all baseline CLC values. These values are 
then used by the ethanol estimating module 112 to determine 
if a learn correction should occur. 
0027. The ethanol estimating module 112 generates an 
ethanol estimate. For example only, the ethanol estimate may 
be based on baseline CLC values as well as other values that 
may include the initial fuel volume, the added fuel volume 
and/or the initial ethanol concentration value as well as other 
available vehicle inputs. For example only, the thresholds that 
are input to the ethanol estimating module 112 may include 
max and min allowed correction values (allow corr, 
and allow corr, ) that may be calibrated values that are 
based on one or more of air meter wear, injector wear, fuel 
pressure regulator wear and injector plugging for a particular 
vehicle. 
0028. The fuel system module 116 controls the amount of 
fuel delivered to the injectors based on the ethanol estimate as 
well as other vehicle inputs. The fuel system module 116 also 
generates a fuel system error, which is output to the ethanol 
estimating module 112. The fuel system error may be gener 
ated using fuel system models and feedback provided by the 
oxygen sensors 72. 
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0029. The ethanol estimating module 112 selectively 
adjusts the baseline CLC, which in turn impacts the ethanol 
estimate. The refuel event determining module 124 and the 
baseline CLC check module 128 may be used to determine 
when the adjustments are made to the baseline CLC. For 
example only, the refuel event determining module 124 may 
identify refuel events. For example, the refuel event determin 
ing module 124 may monitor fuel levels and signal a refuel 
event when the level increases by a predetermined amount. 
Other methods such as monitoring opening and closing of the 
fuel door may be used. 
0030 Referring now to FIG. 3, control begins with step 
200. In step 204, control determines whether a refuel event 
occurred. If step 204 is true, control enables a learn correction 
in step 208. After a learn correction has been performed as 
determined in step 210, control calculates CLC and CLC 

in step 214. In step 218, control determines whether the 
learned CLC is in a stable region. In other words, control 
determines whether the baseline CLC that had just been 
learned is in a predetermined region where the closed loop 
system is normally expected to be stable. 
0031. If step 218 is true, control compares CLC, and 
CLC values to max and min learned correction thresholds 
(learn corr, it and learn corr, t) in step 222. More 
particularly, f CLCs 
CLC2 learn corri, r, then control proceeds with step 
226. The min and max learned correction thresholds learn 
corr, it and learn corr, it may be calibrated Values. 
0032. In step 226, control compares CLC and CLC F83. 

values to max and min allowed correction values (allow 
corr, it and allow corr, tr.). More particularly, if 
(CLC->allow corr, it and CLC-allow corr, tr.) 
or (CLC-allow corr, it and CLC,<allow corr, 
r), then control proceeds to steps 230 and 234. The max and 
min allowed correction values (allow corr, and allow 
corr, z) may be calibrated values that may be based upon 
air meter wear, injector wear, fuel pressure regulator wear 
and/or injector plugging that are expected for a vehicle. 
0033. In step 230, control adjusts the ethanol estimate 
based on the fuel system error. In step 234, control adjusts the 
baseline CLC values based on the fuel system error. In step 
236, control sets learn correction enable to false. Control 
returns to step 204. Control also returns to step 204 from steps 
204, 210, 218, 222 and 226 when the respective steps are 
false. 
0034. The present disclosure allows a VFFS to accurately 
estimate ethanol concentration when any ethanol concentra 
tion is added. The present disclosure also prevents fuel system 
wander from sequentially corrupting ethanol estimation. 
0035. According to the present disclosure, the VFFS gen 
erates ethanol estimates based on apparent change in fuel trim 
(FT), which corresponds to fuel error. A baseline FT value 
may be established in order to assess relative changes in FT 
attributable to changes in ethanol concentration. The present 
disclosure provides a central tendency, in other words the 
estimate has a tendency to converge on the true ethanol con 
centration. The present disclosure mitigates accumulation of 
error (estimate wander) and allows for actual FT faults to still 
be detected. 
0036. The present disclosure employs a relatively weak 
feedback loop. The ethanol estimate is adjusted (very 
slightly) in order to the drive vehicle's FT to its nominal value. 
This provides a central tendency and counters the accumula 
tion of random error. Feedback introduces a degree of robust 

slearn corr, try and 
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ness not possible through open-loop control alone. The 
present disclosure optimize the tradeoffbetween noise immu 
nity (and tendency to wander) and the ability to detect real FT 
faults/shifts by providing learned correction with weak 
authority via a weak feedback loop. The magnitude of adjust 
ment (in adjusting the ethanol estimate) is very Small at each 
refuel event. The magnitude is strong enough to negate the 
accumulation of error but weak enough to not mask actual FT 
faults. 
What is claimed is: 
1. A system for estimating fuel concentration, comprising: 
an ethanol estimating module that generates an ethanol 

estimate based on baseline closed loop corrections 
(CLC); 

a fuel system module that controls fuel to an engine and 
that generates a fuel system error, and 

wherein said ethanol estimating module selectively adjusts 
said baseline CLC and said ethanol estimate based on 
said fuel system error. 

2. The system of claim 1 further comprising: 
a calculating module that generates maximum and mini 
mum CLC values, CLC and CLC, respectively, 
based on said baseline CLC, 

wherein said ethanol estimating module is enabled when 
said CLC and CLC, are less than or equal to and 
greater than or equal to first and second predetermined 
values, respectively. 

3. The system of claim 1 further comprising: 
a refuel event determining module that identifies refueling 

events, 
wherein said ethanol estimating module enables adjust 

ment of said baseline CLC and said ethanol estimate 
when said refuel events are identified. 

4. The system of claim 1 further comprising: 
a baseline CLC check module that determines whether a 

prior baseline CLC is within predetermined criteria, 
wherein said ethanol estimating module enables adjust 

ment of said baseline CLC and said ethanol estimate 
when said prior baseline CLC is within said predeter 
mined criteria. 

5. The system of claim 1 wherein said ethanol estimating 
module enables correction when one of: 

said CLC, and CLC, are greater than maximum and 
minimum allowed correction values, respectively; and 

said CLC and CLC, are less than said maximum and 
minimum allowed correction values, respectively. 

6. The system of claim 5 wherein said maximum and mini 
mum allowed correction values are calibrated values based on 
at least two of air meter wear, injector wear, fuel pressure 
regulator wear and injector plugging. 

7. The system of claim 1 further comprising: 
a refuel event determining module that identifies refueling 

events; and 
a baseline CLC check module that determines whether a 

prior baseline CLC is within predetermined criteria, 
wherein said ethanol estimating module enables adjust 

ment of said baseline CLC and said ethanol estimate 
when said refuel events are identified and said prior 
baseline CLC is within said predetermined criteria. 

8. A method for estimating fuel concentration, comprising: 
generating an ethanol estimate based on baseline closed 

loop corrections (CLC); 
controlling fuel to an engine and generating a fuel system 

error, and 
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Selectively adjusting said baseline CLC and said ethanol 
estimate based on said fuel system error. 

9. The method of claim 8 further comprising: 
generating maximum and minimum CLC values (CLC 

and CLC), respectively, based on said baseline CLC; 
and 

enabling an ethanol estimate when said CLC and CLC 
are less than or equal to and greater than or equal to 

first and second predetermined values, respectively. 
10. The method of claim 8 further comprising: 
identifying refueling events; and 
enabling adjustment of said baseline CLC and said ethanol 

estimate after said refuel events are identified. 
11. The method of claim 8 further comprising: 
determining whether a prior baseline CLC is within prede 

termined criteria; and 
enabling adjustment of said baseline CLC and said ethanol 

estimate when said prior baseline CLC is within said 
predetermined criteria. 
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12. The method of claim 8 further comprising enabling 
correction when one of: 

said CLC, and CLC, are greater than maximum and 
minimum allowed correction values, respectively; and 

said CLC and CLC, are less than said maximum and 
minimum allowed correction values, respectively. 

13. The method of claim 12 wherein said maximum and 
minimum allowed correction values are calibrated values 
based on at least two of air meter wear, injector wear, fuel 
pressure regulator wear and injector plugging. 

14. The method of claim 9 further comprising: 
identifying refueling events; 
determining whether a prior baseline CLC is within prede 

termined criteria; and 
enabling adjustment of said baseline CLC and said ethanol 

estimate after said refuel events are identified and said 
prior baseline CLC is within said predetermined criteria. 
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