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RETURNLESSFUEL, DELIVERY 
MECHANISM WITH ADAPTIVE LEARNING 

FIELD OF THE INVENTION 

The present invention relates to a mechanism for deter 
mining the precise quantity of fuel required by an internal 
combustion engine and delivering that quantity from the fuel 
tank, and more particularly, to adapting the fuel delivery 
System operating characteristics to detect and reflect changes 
in the engine and fuel system over time. 

BACKGROUND OF THE INVENTION 

A conventional fuel delivery system for an internal com 
bustion engine typically includes a fuel pump which runs at 
a constant speed and supplies a constant quantity of fuel to 
the engine. Since the engine's fuel requirements vary widely 
with operating and environmental conditions, much of the 
fuel supplied is not actually needed by the engine and must 
accordingly be returned to the fuel tank. This returned fuel 
is generally at a higher temperature and pressure than the 
fuel in the tank. Returning it to the tank can generate fuel 
vapors, which must be processed to eliminate environmental 
COCCS, 

Returnless fuel systems have been developed to address 
these concerns. These systems generally determine how 
much fuel the engine requires at each particular point in time 
and supply only this required amount of fuel to the engine, 
eliminating the need to return fuel. A number of engine 
signals, such as manifold pressure, fuel temperature, and 
other operating characteristics may be monitored to help 
determine the required quantity. This requirement is then 
translated into a fuel pump control signal to control the 
quantity of fuel pumped to the engine over a specific time 
period. Such systems often use equations or maintain tables 
of values which translate the engine signals into actual fuel 
pump drive data. For example, U.S. Pat. Nos. 5,237,975 and 
5,379,741 disclose systems which use lookup tables to 
translate engine signals into a pump duty cycle. 

Feedback is provided in a returnless fuel system to help 
adjust the fuel supply to meet the fuel demands of the 
engine. Over time, vehicle wear may change the engine's 
fuel demand characteristics. Under a given set of operating 
conditions, a greater or lesser quantity of fuel may thus be 
required than what was once required under identical con 
ditions when the vehicle was new. Also, fuel system wear 
and conditions such as a clogged fuel filter, for example, 
may change the quantity of fuel supplied for a specific pump 
setting. While feedback eventually accommodates these 
changes during real time operation, it would be desirable to 
have an improved system which learns of the changes, 
incorporates the changes into the base determination of 
demand, and adapts the underlying tables or equations 
accordingly. The present invention is directed at making this 
adaptation. 

SUMMARY OF THE INVENTION 

An adapting mechanism for controlling the speed of a 
variable speed fuel pump in a returnless fuel delivery system 
includes a demand sensor, feedforward fuel pump values, 
adaptive adjustments corresponding to the feedforward val 
ues, a pump controller which controls the speed of the fuel 
pump, a timer, a steady demand indicator, a flow error 
accumulator, and an adjustor. The system looks at the 
engine's fuel demand and chooses a corresponding feedfor 
ward value. It combines this feedforward value with a 
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corresponding adaptive adjustment and uses the combina 
tion to drive the fuel pump. The system also monitors the 
average flow error over a time interval. If the fuel demand 
has been substantially steady throughout the time interval 
and the average flow error has exceeded a predetermined 
acceptable level, then the system modifies the adaptive 
adjustment which corresponds to the present level of 
demand to reduce the error offset. The system saves the 
modified adaptive adjustment for future use and further 
refinement as fuel demand conditions warrant. 
A primary object of the present invention is to provide an 

improved returnless fuel system which tracks fundamental 
changes in pump operation voltage relative to pump output 
and removes systematic error. 
A primary advantage of the present invention is that it 

quickly learns of changes to the system demand character 
istics and quickly adapts the pump voltage of the returnless 
fuel system as necessary to reflect these changes. An addi 
tional advantage is that the adaptations determined by prior 
system operation are retained for future use and refinement 
as necessary. 

Other objects, features, and advantages will be apparent 
from a study of the following written description and 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a returnless fuel system 
according to the prior art. 

FIG. 2 is a control diagram showing a control strategy of 
a returnless fuel system according to the prior art. 

FIG. 3 is a control diagram showing the improvement of 
the present invention in relation to the underlying control 
strategy of a returnless fuel system. 

FIG. 4 is a flow chart showing how the improvement of 
the present invention fits into a fuel control method for a 
returnless fuel system. 

FIG. 5 is a flow chart showing when the improvement of 
the present invention is computed relative to a fuel demand 
prediction routine and temperature strategy for a returnless 
fuel system. 

FIG. 6 is a flow chart showing a fuel control adaptation 
method of a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

According to FIG. 1, a returnless fuel delivery system 
includes a fuel pump 10 located within a fuel tank 12 of a 
vehicle. Pump 10 supplies fuel through a supply line 14 to 
a fuel rail 16 for distribution to a plurality of injectors 18. 
The speed of fuel pump 10 is controlled by an engine control 
module 20. Module 20 acts as a system controller for the 
returnless fuel delivery system, Supplying control signals 
which are amplified and frequency multiplied by a power 
driver 22 and supplied to pump 10. Module 20 receives a 
fuel temperature input from a fuel temperature sensor 24 as 
well as input from a differential pressure sensor 26. Sensor 
26 responds to intake manifold vacuum and to the pressure 
in fuel rail 16 to provide a differential pressure signal to 
module 20. Module 20 uses this information to determine 
the fuel pump voltage needed to provide the engine with 
optimum fuel pressure and fuel flow rate. Note that while a 
preferred embodiment utilizes differential pressure, other 
methods can be used to make this determination. 

IPR2023-01233
Petitioner - Exhibit 1004 - Page 8



5,505,180 
3 

Continuing with FIG. 1, a pressure relief valve 28 posi 
tioned in parallel with a check valve in fuel supply line 14 
prevents excessive pressure in fuel rail 16 during engine-off 
hot soaks. Also, relief valve 28 assists in smoothing engine 
running transient pressure fluctuations. Those skilled in the 
art will appreciate that module 20 also controls the pulse 
width of a fuel injector signal applied to injectors 18 in order 
to control the amount of fuel injected into the engine 
cylinders in accordance with a control algorithm. This signal 
is a variable frequency, variable pulse width signal that 
controls injector valve open time. 

Referring now to FIG. 2, module 20 generates a constant 
frequency pulse width modulated (PWM) fuel pump control 
signal in accordance with an overall control strategy which 
includes a Proportional-Integral-Derivative (PID) feedback 
loop generally designated 30 which monitors flow error, and 
a feedforward loop generally designated 32 for determining 
the fuel pump speed. Loop 30 includes a control strategy 
block 34 which responds to the error output of a comparator 
36 which represents the difference between a desired dif 
ferential pressure input and the actual differential pressure as 
input from a differential pressure sensor 26. The output of 
control strategy block 34 represents the time history of the 
error input and is combined in a summer 38 with the output 
of a fuel flow prediction block 40 to vary the duty cycle of 
the PWM signal to the fuel pump 10, in a sense to reduce the 
error input to block 34 toward zero and maintain a substan 
tially constant differential pressure. 

In a preferred embodiment, loop 30 includes a PID device 
for measuring the flow error of the returnless fuel system. 
The PID device contains an integral function whose output 
represents the average error over time between the desired 
fuel flow and the system's actual fuel flow. The error may be 
positive, negative, or zero, depending on which of the two 
flows is the greater over the time period. Note that while a 
preferred embodiment utilizes a PID, other means of deter 
mining the flow error could also be used. 

Since loop 30 responds to differential pressure, a sudden 
change in manifold vacuum can produce transient instabil 
ity. Such a change might occur, for example, where a driver 
suddenly requests full throttle. Fuel flow prediction block 40 
compensates for this instability by utilizing engine RPM and 
injector pulse width (PW) to predict mass fuel flow 
demanded. The variables are obtained by monitoring one of 
the fuel injector control lines. These inputs define a particu 
lar operating point which is pinpointed in a table to provide 
a corresponding optimum duty cycle for the PWM signal to 
pump 10. Fuel flow prediction 40 provides a relatively quick 
response to engine operating conditions which cannot be 
controlled by PID loop 30. PID loop 30 provides a fine 
tuning of the overall control strategy and compensates for 
pump and engine variability. 

While it is desirable to eliminate the return line to the fuel 
tank, doing so prevents fuel from being used as a coolant. At 
idle, where fuel flow to the engine is low, the fuel in the fuel 
rail is heated by convection from the engine. If the targetfuel 
reaches its vapor point on the distillation curve, it could 
vaporize, causing less fuel to be delivered through the 
injectors for a given pulse width injector control signal. A 
temperature strategy block 42 is employed to compensate 
for this potential mass flow reduction. Block 42 responds to 
the output of fuel temperature sensor 24 and modifies the 
desired pressure input to comparator 36 as a function of the 
temperature of the fuel in the rail. Thus, as the fuel tem 
perature increases, the error signal to control strategy block 
34 increases, resulting in an increase in the duty cycle of the 
control signal to pump 10 which raises the pressure in fuel 
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4 
rail 16, thus maintaining the mass flow through injectors 18. 
The same amount of fuel is thus delivered to cylinders 
regardless oftemperature change and without having to alter 
the pulse width of the fuel injector control signal. Loop 30 
is primarily responsible for increasing fuel pressure in 
response to fuel temperature increases. Under low tempera 
ture conditions the speed of pump 10 is primarily deter 
mined by fuel flow prediction block 40. 

Referring now to FIG. 3, an improvement according to the 
present invention is shown by a flow adaptation block 100 
and a summer 102. Flow adaptation block 100 includes an 
adjusting mechanism which adapts the output of fuel flow 
prediction block 40 for changes in the fuel system over time 
which manifest themselves as constant systematic or offset 
error. For example, after five years a particular fuel pump 
operating in a vehicle might provide lessfuel for a given fuel 
pump duty cycle than it did for that duty cycle when it was 
new. Flow adaptation block 100 adapts the system to these 
changes by monitoring the average flow error supplied by 
control strategy block 34 over a time interval and generating 
cumulative adaptive adjustments to the duty cycle which 
was computed by fuel flow prediction block 40. This is 
important because adjustments should not be based on errors 
resulting from transient conditions due to significant fluc 
tuations in demand. In a preferred embodiment, these adap 
tive adjustments are kept in a table whose entries correspond 
to the feedforward fuel pump duty cycle table. Before 
altering a particular adaptive adjustment, flow adaptation 
block 100 verifies that the system is operating under steady 
fuel flow demand throughout this interval based on infor 
mation from fuel flow prediction block 40. Block 40 also 
supplies information to indicate which of the adaptive 
adjustment values should be modified. 
As part of the improved system's regular operation, 

summer 102 adds the adaptive adjustment to the base 
feedforward fuel pump duty cycle selected by feedforward 
loop 32. The adjusted feedforward value then continues into 
summer 38 and is treated as discussed previously in FIG. 2. 

Continuing with FIG. 3, computing and incorporating 
adaptive adjustments to the feedforward fuel pump duty 
cycles provide a more rapid response to system changes than 
can be accommodated by PID feedback loop 30. Addition 
ally, these adjustments can be stored for future use. In a 
preferred embodiment, flow adaptation block 100 utilizes 
EEPROM (not shown) for storing the adjustments, which 
are kept in a table that corresponds to the table of feedfor 
ward fuel pump duty cycles. EEPROM permits the adjust 
ments to be retained while the system is without power so 
that they may be used during subsequent operation. It also 
permits the adjustments to be modified as additional system 
changes warrant. Note that while a preferred embodiment 
utilizes pump duty cycle, other representations of pump 
voltage or current could also be used. The term feedforward 
fuel pump value is used to encompass these various repre 
sentations. 

Turning now to FIG.4, a flow chart of a fuel pump control 
program for a returnless fuel system, such as module 20 
might follow, sets <48> a target differential fuel pressure of, 
for example, 40 psid. Module 20 then monitors <50> the 
differential fuel pressure measured by sensor 26, comparing 
these two to see whether they are equal <52>. If differential 
pressure matches target pressure, then no adjustment need be 
made. 

If differential pressure is less than <54> target pressure, 
then the PID control strategy output <56> is added to the 
sum of the feedforward fuel pump duty cycle and adaptive 
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adjustment terms <58>. This increases the duty cycle of the 
fuel pump PWM signal, increasing the pressure in the fuel 
rail when it is output <60> to the fuel pump. 

If differential pressure is greater than <54> target pres 
sure, then the PID control strategy output <62> is subtracted 
from the sum of the feedforward fuel pump duty cycle and 
adaptive adjustment terms <64>. This decreases the duty 
cycle of the fuel pump PWM signal, decreasing the pressure 
in the fuel rail when it is output <66> to the fuel pump. 

FIG. 5 shows the computation of the feedforward fuel 
pump duty cycle whose result is used in blocks <58> and 
<64> of FIG. 4. First, fuel demand is determined <70> by 
monitoring one of the fuel injector control signals to obtain 
the signal's period and pulse width. If demand is substan 
tially less than supply <72>, then the fuel pump is turned off 
hydraulically <74> such that little or no fuel flows to the 
engine. If demand is not substantially less than supply, then 
engine RPM is obtained from the period or duration of the 
fuel injector control signal, and it is used, along with the 
pulse width, to determine <76> a feedforward fuel pump 
duty cycle for driving the pump. Note that while a preferred 
embodiment utilizes RPM and injector pulse width, other 
means of determining fuel demand, and hence fuel to be 
supplied, could also be used. Furthermore, while a preferred 
embodiment of the present invention utilizes tables of feed 
forward fuel pump duty cycles and interpolates between the 
points, functional equations or other computational methods 
could also be utilized if desirable. The feedforward fuel 
pump duty cycle of <76> does not reflect the contributions 
of the adaptive adjustment, which in a preferred embodi 
ment is computed separately as shown in FIG. 6 and 
incorporated as shown in FIG. 4. 

Continuing with FIG. 5, the next section shows the 
temperature strategy routine which is used to compute the 
target differential pressure shown in FIG. 4 at block <48>. 
Note that while the routine is shown here, it could alterna 
tively be computed as part of <48> or at other opportunities 
as desired. The routine begins by reading the fuel rail 
temperature <78> and checking to see whether it exceeds a 
predetermined level above which vaporization occurs <80>. 
If not, then the usual target differential pressure of, for 
example, 40 psid is utilized <86>. 

If the fuel rail temperature exceeds the predetermined 
level for vaporization, then the target differential pressure is 
increased <82> to a value that will cause the PID loop to 
increase the fuel pump duty cycle. This ensures the desired 
mass fuel flow through the injectors. Hysteresis <84>, <86> 
in the switching mechanism assures that the temperature/ 
pressure relationship uses different trigger points when the 
temperature is increasing over normal than when it is 
decreasing back towards normal. This prevents chattering 
when the temperature is close to the trigger level and keeps 
the system from being fooled by the cooling effects of other 
engine phenomena, such as wide open throttle. 

Turning now to FIG. 6, a fuel adaptation method accord 
ing to a preferred embodiment of the present invention 
details the adaptive learning improvement. In general, the 
improvement includes computing an adaptive adjustment to 
be added to or subtracted from the traditional feedforward 
fuel pump duty cycle output. The first criteria is to check 
<150> whether the returnless fuel delivery system has been 
operating under steady fuel flow demand from the engine 
throughout the time interval over which an adjustment is to 
be computed. This is done to ensure that fluctuations 
between fuel supply and demand caused by dynamic 
changes in fuel demand do not get misinterpreted as sys 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
tematic errors. In a preferred embodiment, this can be 
determined by checking to see whether different areas of the 
feedforward table have been used during the interval. 

If the system has not been operating under steady fuel 
flow demand, then the interval timer is restarred (151> and 
the system makes no further adjustments. If the system has 
operated under steady fuel flow demand, then the system 
checks <152> to see whether the time interval has elapsed. 
If the time interval has not elapsed, the system makes no 
further adjustments. 

If the time interval has elapsed, then the system looks at 
the average flow error experienced throughout the time 
interval, which in a preferred embodiment is reflected by the 
integral term of the PID. Since the integral increases posi 
tively or negatively with constant error and moves towards 
Zero as the error changes sign, the integral term thus 
represents the average system error over the time interval, 
with the sign indicating whether this error is negative or 
positive. In a preferred embodiment, the general criteria for 
making adaptive adjustments is to make them when (PID 
Integrald Positive Error Limit) or when (PID 
Integral<Negative Error Limit), with the positive and nega 
tive error limits defining a predetermined range of expected 

O. 

Note that while a preferred embodiment utilizes differen 
tial pressure as reflected by the PID integral to determine 
flow error, other methods could be used, such as monitoring 
the fuel stream. What is required is to measure the flow 
actually supplied by the returnless fuel system against the 
flow demanded from the returnless fuel system, which is 
reflected by the feedforward and adaptive terms, and com 
pare the average difference over the time interval against 
some level of acceptable fluctuation. 

Continuing with FIG. 6, if the average error over the time 
interval exceeds the positive error limit then it is attributed 
to systematic error, and an adjustment must be made to 
increase the size of the adaptive adjustment which corre 
sponds to the feedforward fuel pump duty cycle currently 
being utilized <156>. 

If the average error over the time interval does not exceed 
the predetermined positive error margin, then no positive 
adjustment is required but a negative adjustment may be 
necessary. A negative adjustment is required when the 
average error over the time interval is smaller than the 
negative error threshold, indicating that the fuel pump 
voltage should be decreased. The system checks <155> for 
this situation and if it exists, then the size of the adaptive 
adjustment which corresponds to the feedforward fuel pump 
duty cycle presently being utilized is decreased <157>. 

Note that while a preferred embodiment uses single-step 
adjustments, the size of the adjustment could vary as system 
demands warrant. Also, while a preferred embodiment uti 
lizes separate positive and negative error thresholds, these 
two thresholds could be combined into one error assessment 
by using, for example, an absolute value comparison. Hav 
ing separate thresholds permits greater flexibility in estab 
lishing a range of acceptable error. 

For positive adjustments, the system next checks <158> to 
see whether the adaptive cell is beyond the maximum 
positive adjustment allowable. If it is, the system will limit 
it to a preestablished maximum positive adjustment <160>. 
Similarly for negative adjustments, the system checks 
<159> to see whether the adaptive cell is beyond the 
maximum negative adjustment allowed. If so, the system 
limits the adjustment <160> to a maximum negative entry. 
For example, if the maximum positive adjustment is 10 
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units, any adaptive entry greater than 10, such as 11, will be 
limited to 10. If the maximum negative adjustment is -10, 
then any adaptive entry beyond -10, such as -11, will be 
limited to -10. This permits the system to be flexible but also 
enables it to bring significant operational characteristics to 
the operator's attention, if desired. Finally, the window timer 
is restarred <153>, and the system continues executing 
according to FIG. 5. 
While the fuel adaptation method shown in FIG. 6 is 

performed as a subset of the steps of FIG. 5, it could be 
performed at another opportunity if desired by utilizing, for 
example, an interval timer interrupt routine. Note that while 
a preferred embodiment incorporates the resulting adaptive 
value in the duty cycle calculation shown in FIG. 4 at blocks 
<64> and <58>, it could alternatively be incorporated else 
where as desired. 
From the foregoing description, one of ordinary skill in 

the art can easily ascertain the essential characteristics of 
this invention and, without departing from the spirit and 
scope of the claims, can make various changes and modi 
fications to the invention to adapt it to various usages and 
conditions. 
We claim: 
1. An adaptive mechanism for controlling the speed of a 

variable speed fuel pump to control the flow of fuel from a 
returnless fuel delivery system to an engine, comprising: 
demand sensing means for sensing a flow of fuel 
demanded from the returnless fuel delivery system by 
the engine; 

first storage means, coupled to and for selecting respon 
sive to said demand sensing means, for storing a 
plurality of primary signals representative of feedfor 
ward fuel pump values used for controlling the speed of 
the fuel pump; 

second storage means, coupled to and for selecting 
responsive to said demand sensing means, for storing a 
plurality of secondary signals representative of adap 
tive adjustments to said primary signals, wherein said 
secondary signals correspond to each of said primary 
signals, 

pump control means, coupled to said first storage means, 
said second storage means, and the fuel pump, for 
controlling the speed of the fuel pump by combining 
one of said primary signals with one of said secondary 
signals according to said demand sensing means for 
driving the fuel pump; 

a timer for defining a predetermined time interval; 
state determining means, coupled to said timer and said 
demand sensing means, for generating a steady demand 
signal representative of said flow of fuel demanded 
fluctuating only within a predetermined margin 
throughout said time interval; 

error means, coupled to said timer, for measuring an 
average fuel pump flow error signal representative of 
the difference between said flow of fuel demanded and 
a flow of fuel supplied by the returnless fuel system to 
the engine over said time interval; and 

adjusting means, coupled to said second storage means, 
Said error means, and said state determining means, for 
adjusting said secondary signals, but only when receiv 
ing said steady demand signal, according to said aver 
age fuel pump flow error signal, in order to minimize 
Said average fuel pump flow error signal associated 
with said flow of fuel demanded when operating under 
said steady demand signal. 
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8 
2. A mechanism according to claim 1 further comprising 

third storage means, coupled to said adjusting means, for 
storing a plurality of limits defining a range of values for 
said plurality of secondary signals, and wherein said adjust 
ing means limits said secondary signals to said range of 
values. 

3. A mechanism according to claim 1 wherein said plu 
rality of primary signals are representative of fuel pump duty 
cycles. 

4. A mechanism according to claim 1 wherein said plu 
rality of primary signals are representative of fuel pump 
voltages. 

5. A mechanism according to claim 1 wherein said plu 
rality of primary signals are representative of fuel pump 
CurrentS. 

6. A mechanism according to claim 1 wherein said error 
means further comprises a proportional-integral-derivative 
device for generating said average fuel pump error signal. 

7. A returnless fuel delivery system for supplying fuel to 
a fuel rail of an engine, comprising: 

a variable speed fuel pump for pumping fuel to the fuel 
rail; 

a temperature sensor for monitoring the temperature of 
the fuel in the fuel rail; 

a differential pressure sensor for sensing the difference in 
pressure between an intake manifold of the engine and 
the fuel in the fuel rail; and 

System control means, coupled to said temperature sensor, 
said differential pressure sensor, and the fuel pump, for 
controlling the speed of the fuel pump, said system 
control means further comprising a timer for defining a 
predetermined time interval, speed varying means for 
varying the speed of the variable speed fuel pump to 
maintain a substantially constant target differential 
pressure as measured by said differential pressure sen 
sor, temperature compensating means for modifying 
the Substantially constant target differential pressure as 
a function of temperature reported by said temperature 
sensor, demand determining means for determining a 
flow of fuel demanded from the returnless fuel delivery 
system by the engine, first storage means for storing 
plurality of primary signals representative of feedfor 
ward fuel pump values, one of said primary signals 
being selected by said demand sensing means for 
controlling the speed of the fuel pump, second storage 
means for storing a plurality of secondary signals 
representative of adaptive adjustments to said primary 
signals, said secondary signals corresponding to each 
of said primary signals and selected by said demand 
sensing means, state determining means for generating 
a steady demand signal representative of said flow of 
fuel demanded fluctuating only within a predetermined 
margin throughout said time interval, error means for 
measuring an average fuel pump flow error signal 
representative of the difference between said flow of 
fuel demanded and a flow of fuel supplied by the 
returnless fuel system to the engine over said time 
interval, and adjusting means for adjusting said sec 
ondary signals according to said average fuel pump 
flow error signal, but only when receiving said steady 
demand signal, wherein said system control means 
controls the speed of the fuel pump by combining one 
of said primary signals with one of said secondary 
signals according to said demand sensing means for 
driving the fuel pump. 

8. A system according to claim 7 wherein said system 
control means further comprises third storage means, 
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coupled to said adjusting means, for storing a plurality of 
limits defining a range of values for said plurality of sec 
ondary signals and wherein said adjusting means limits said 
secondary signals to said range of values. 

9. In a self-adapting returnless fuel delivery system 
including a plurality of adaptive adjustments to predeter 
mined feedforward fuel pump values, a method of adapting 
the system while it is operating comprising the steps of: 

initiating a time interval throughout which to monitor the 
fuel delivery system; 

accumulating an average fuel pump flow error, represen 
tative of the difference between a flow of fuel 
demanded and a flow of fuel supplied, throughout said 
time interval; 

verifying that the returnless fuel delivery system has been 
operating under a steady fuel flow demand state, as 
represented by said flow of fuel demanded fluctuating 
only within a predetermined margin throughout said 
time interval; 

10 

15 

10 
detecting when said time interval has ended; 
comparing said average fuel pump flow error to a prede 

termined fuel pump flow error margin; 
determining which of the plurality of adaptive adjust 

ments is to be adjusted, based on said flow of fuel 
demanded; 

adjusting the adaptive adjustment, determined in said 
determining step, but only if the error margin was 
exceeded in said comparing step; and 

storing the adaptive adjustment, adjusted in said adjusting 
step, for future use and further refinement. 

10. The method of claim 9 further comprising the step of 
limiting the adaptive adjustment, adjusted in said adjusting 
step, to an allowable adjustment range before executing said 
storing step. 
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