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(57) ABSTRACT 

A system and method for monitoring engine operating data 
include monitoring various engine operating parameters and 
periodically storing engine data When corresponding criteria 
are met. In one embodiment, enigne operating parameters 
may include engine speed, poWertrain demand, or a ?uid 
temperature, for example. Engine operating data such as oil 
pressure, turbo boost pressure, battery voltage, fuel 
economy, oil temperature, coolant temperature, maximum 
RPM, maximum vehicle speed, and throttle position sensor 
voltage, for example may be stored for trending and analy 
sis. In addition, engine components may be monitored to 
determine service or replacement. 
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SYSTEM AND METHOD FOR ENGINE DATA 
TRENDING AND ANALYSIS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of commonly 
oWned and copending US. Pat. application No.09/420,496 
Filed Oct. 19, 1999, now US. Pat. No. 6,220,223 Which is 
a continuation of US. Pat. application No. 09/050,685 ?led 
Mar. 30, 1998, now US. Pat. No. 6,026,784 Which is a 
continuation of US. Pat. application No. 08/737,486 ?led 
Mar. 12, 1997, now US. Pat. No. 5,732,676, Which is a 
continuation-in-part under §371 of PCT/US95/06052 ?led 
Mar. 15, 1995 based on US. Pat application No. 08/243,103 
?led May 16, 1994, now US. Pat. No. 5,477,827. 

TECHNICAL FIELD 

[0002] The present invention relates to a method and 
system for controlling an internal combustion engine. 

BACKGROUND ART 

[0003] In the control of engines, the conventional practice 
utiliZes electronic control units having volatile and nonvola 
tile memory, input and output driver circuitry, and a pro 
cessor capable of executing a stored instruction set, to 
control the various functions of the engine and its associated 
systems. A particular electronic control unit communicates 
With numerous sensors, actuators, and other electronic con 
trol units necessary to control various functions, Which may 
include various aspects of fuel delivery, transmission con 
trol, or myriad others. 

[0004] Early complex systems and subsystems Which per 
formed critical functions required separate control units 
Which could promptly respond to dynamic vehicle situations 
and initiate appropriate actions. For example, a vehicle may 
have employed a brake controller, a cruise control module, 
a cooling fan controller, an engine controller, and a trans 
mission controller, such that each vehicle system or sub 
system had its oWn stand-alone controller. These controllers 
Were either electronic control units or electronic circuits 
Which may have had little or no communication among 
themselves or With a master controller. Thus, the vehicle Was 
operated as a distributed control system, Which often made 
it dif?cult to optimiZe overall vehicle performance by coor 
dinating control of the various systems and subsystems. 

[0005] As control systems became more sophisticated, the 
various distributed controllers Were connected to commu 
nicate status information and coordinate actions. HoWever, 
inter-controller communication delays Were often unaccept 
able for critical control tasks, thus requiring independent 
processors or circuitry for those tasks. This expanded the 
overall capabilities of the control system and Was often 
necessary to meet increasing consumer demands as Well as 
more stringent emission control standards. 

[0006] To meet these stricter standards, it has been nec 
essary to expand the capabilities of the engine control 
system to more accurately control the engine operation. The 
complexity of the resulting control systems has often 
resulted in dif?culty in the manufacturing, assembling, and 
servicing of vehicles. Manufacturers have attempted to 
decrease part proliferation, While increasing the accuracy of 
control, by combining increasingly more control functions 
into a single controller. 
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[0007] Advancements in microprocessor technology have 
facilitated the evolution of engine control systems. These 
systems began by implementing relatively simple control 
functions With mechanical apparatus, and progressed to 
more involved control schemes With dedicated controllers, 
before having matured as complex control strategies realiZed 
by a comprehensive engine controller. Many engine control 
systems found in the prior art address only a single sub 
system control strategy and fail to capitaliZe on the advan 
tages afforded by these microprocessor advancements. 
Another dif?culty encountered by traditional, distributed 
engine control systems is the inability to protect the engine 
or engine components from system failures. Certain engine 
components, operated under extreme operating conditions, 
may fail. 

[0008] The desire to provide application speci?c vehicles 
at a competitive price has led to the availability of a number 
of customer options Which may include some of the systems 
already noted, such as vehicle speed control, engine speed 
control, or engine torque control. This in turn has led to a 
large number of possible subsystem combinations, thus 
increasing the costs associated With manufacturing and 
assembly as Well as the cost of ?eld service due to the large 
number of spare components Which must be manufactured 
and stored. 

[0009] It is desirable to have an electronic control unit 
capable of integrating the control of various engine func 
tions and associated vehicle systems, thus eliminating inter 
controller communication delays and harmoniZing engine 
control With other vehicle subsystems. An additional bene?t 
accrues from replacing independent stand-alone controllers 
With a comprehensive controller, to reduce part proliferation 
in the vehicle manufacturing, assembly, and service envi 
ronments, leading to an associated reduction in the cost of 
these functions. 

[0010] It is also desirable in optimiZing overall vehicle 
performance, to have an electronic control unit Which coor 
dinates control of the engine With control of the transmission 
for smoother, more ef?cient shifting of the transmission. It 
is desirable to provide for throttle logic, and to provide for 
cylinder balancing to determine relative poWer contribution 
from each cylinder. 

[0011] Due to increasing cost of fuel, it is further desirable 
to provide a controller Which encourages certain driving 
techniques Which enhance fuel economy. For example, it is 
desirable to provide an incentive to limit engine idling While 
the vehicle is stationary to reduce average noise levels and 
to reduce fuel consumption. It is further desirable to encour 
age the use of cruise control to minimiZe transmission 
shifting and increase overall fuel economy Whenever pos 
sible. 

[0012] It is also desirable to provide a controller Which can 
control the engine in a manner Which protects engine 
components during extreme operating conditions. For 
example, if a turbocharged vehicle is operated at high 
altitudes, the turbocharger Will spin faster than a similar 
turbocharger operated at loWer altitudes, and can be dam 
aged. 

SUMMARY OF THE INVENTION 

[0013] It is therefore an object of the present invention to 
provide an integrated engine controller capable of perform 
ing a balance test for determining cylinder contributions. 
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[0014] It is a further object of the present invention to 
provide an integrated engine controller capable of control 
ling fuel delivery to maximize fuel economy via driver 
incentives, and capable of protecting engine components in 
the presence of certain operating conditions. 

[0015] It is an additional object of the present invention to 
provide an integrated engine controller capable of perform 
ing throttle logic, and capable of controlling the transmis 
sion in conjunction With the engine. 

[0016] Another object of the present invention is to pro 
vide an engine controller Which limits engine idling time 
While the vehicle is stationary to reduce unnecessary fuel 
consumption and noise. 

[0017] Yet another object of the present invention is to 
provide an engine controller Which limits engine idling 
based on ambient air temperature so as to permit engine 
idling under conditions justifying use of vehicle heating or 
cooling systems. 

[0018] A further object of the present invention is to 
provide an engine controller Which estimates ambient air 
temperature so that an additional temperature sensor is not 
required. 

[0019] Still further, it is an object of the present invention 
to provide an integrated engine controller capable of deter 
mining service intervals and performing trend analyses. 

[0020] In carrying out the above objects and other objects 
and features of the present invention, a system and method 
for collecting operating data from a multi-cylinder internal 
combustion engine having an engine control module include 
monitoring engine operating conditions to determine When 
to store selected engine operating data and periodically 
storing engine operating data in the engine control module 
in response to the step of monitoring. 

[0021] The above objects and other objects, features, and 
advantages of the present invention Will be readily appre 
ciated by one of ordinary skill in the art from the folloWing 
detailed description of the best mode for carrying out the 
invention When taken in connection With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a block diagram of an integrated control 
system for an internal combustion engine in accordance With 
the present invention; 

[0023] FIG. 2 is a flow chart detailing the steps for 
cylinder balance testing according to the present invention; 

[0024] FIG. 3 is a flow chart detailing the steps for fuel 
economy speed limit addition according to the present 
invention; 

[0025] FIG. 4 is a graphical representation of the high 
altitude torque reduction as a function of barometric pres 
sure and engine speed according to the present invention; 

[0026] FIG. 5 is a flow chart detailing the throttle logic 
according to the present invention; 

[0027] FIG. 6 is a flow chart detailing the gear ratio torque 
limit strategy of the present invention; 
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[0028] FIG. 7 is a flow chart illustrating a system and 
method for engine idle shutdoWn based on ambient air 
temperature according to the present invention; 

[0029] FIG. 8 is a graphical representation of a system and 
method for ambient air temperature estimation according to 
the present invention; and 

[0030] FIG. 9 is a graphical representation of absolute 
torque versus engine speed for use With the air temperature 
torque limit according to the present invention. 

BEST MODE(S) FOR CARRYING OUT THE 
INVENTION 

[0031] Referring noW to FIG. 1, there is shoWn an elec 
tronic control module (ECM) 20 in communication With 
typical engine components, shoWn generally by reference 
numeral 22, and a user-interface 34. ECM 20 includes a 
microprocessor 24 having volatile random-access memory 
(RAM) 26, and nonvolatile read-only memory (ROM) 28. 
Of course, ECM 20 may contain other types of memory 
instead of, or in addition to, RAM 26 and ROM 28, such as 
?ash EPROM or EEPROM memories, as is Well knoWn in 
the art. 

[0032] ROM 28, or other nonvolatile memory, may con 
tain instructions, Which are eXecuted to perform various 
control and information functions, as Well as data tables, 
Which contain calibration values and parameters character 
iZing normal engine operation. Microprocessor 24 imparts 
control signals to, and receives signals from, input and 
output (I/O) drivers 32. The 1/0 drivers 32 are in commu 
nication With the engine components 22 and serve to protect 
the controller from hostile electrical impulses While provid 
ing the signals and poWer necessary for engine control 
according to the present invention. The ECM components 
detailed above are interconnected by data, address and 
control buses. It should be noted that there are a variety of 
other possible control schemes Which include various com 
binations of microprocessors and electric or electronic cir 
cuits Which could perform the same function. 

[0033] With continuing reference to FIG. 1, engine com 
ponents 22 include a plurality of electronic unit injectors 
(EUI) 40, each associated With a particular engine cylinder; 
and a plurality of sensors 42 for indicating various engine 
operating conditions, such as coolant temperature, ambient 
air temperature, intake manifold air temperature, inlet air 
temperature, engine oil temperature, fuel temperature, inner 
cooler temperature, throttle position, intake manifold pres 
sure, fuel pressure, oil pressure, coolant pressure, cylinder 
position, and cylinder sequencing, to name a feW. Engine 
components 22 also include actuators 44 Which may include 
solenoids, variable valves, indicator lights, motors, and/or 
generators. It should be appreciated that ECM 20 may also 
be in communication With other vehicle components and 
microprocessors Which control associated vehicle systems, 
such as the brakes, the transmission, a vehicle management 
system or a ?eet management radio transponder. 

[0034] The user-interface, or data-hub, 34 is used to store 
user-selected monitoring parameters and associated values 
for those parameters, and to determine service intervals and 
perform trend analyses. User selected parameters may 
include adjustable limits, such as desired engine oil life. 
Engine historical information may include diagnostic infor 
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mation Which is used to assist personnel performing routine 
maintenance, or troubleshooting malfunctions, as Well as 
engine and vehicle operation data, Which may be analyzed 
to evaluate vehicle operator performance in addition to 
vehicle performance. The user-interface 34 also preferably 
performs component li?ng and trend analyses, as described 
in greater detail beloW. It should be appreciated that 
although FIG. 1 illustrates the user-interface as being exter 
nal to the ECM 20, certain operations performed by the 
user-interface could, of course, also be performed by the 
ECM 20. 

[0035] Electronic control module 20 executes softWare to 
implement the various features of the present invention. In 
describing these features, equations Will be provided and 
reference Will be made to variables utiliZed by the ECM in 
executing the softWare. It should be noted that equation 
variables shoWn in loWer-case italics are calibration vari 
ables, Whereas equation variables shoWn in SMALL CAPS 
represent function variables, Whose values vary and are 
based on, for example, operating conditions such as intake 
manifold pressure or engine speed. 

[0036] Referring noW to FIG. 2, there is shoWn a How 
chart detailing the steps for an injector balance test accord 
ing to the present invention. In the preferred embodiment, 
the ECM 20 attempts to balance the injectors 40 so that 
poWer delivery is approximately equal, by performing an 
acceleration test to determine the relative poWer from each 
injector. At step 50, the ECM determines Whether the 
acceleration balance test is to be started. In the preferred 
embodiment, the test is activated if an injector balance 
message is received by the ECM 20 from the user-interface 
34 and either the vehicle speed is Zero or the vehicle speed 
sensor (VSS) is not con?gured and the balance ?ag 
(BALENB) is set. The BALENB ?ag is set during calibra 
tion. The acceleration balance test can be terminated in a 
number of Ways. Preferably, the test is terminated When the 
test is complete, or When ECM 20 receives a clear message 
from the user-interface 34. Additionally, the test is termi 
nated When the ignition is turned to the “off” position, or if 
the vehicle speed is non-Zero. 

[0037] With continuing reference to FIG. 2, once the 
balance test is activated at step 50, a test sequence is entered 
at step 52 Which includes an initialiZing step during Which 
the idle speed is set to the value of BALSTR, a variable 
representing the balance start ramp RPM (the engine RPM 
at Which the test starts). BALSTR preferably has a range of 
0-2500 RPM and defaults to 1000 RPM. Additionally, 
requested torque is set to Zero and the test cylinder variable 
(CYLTST) is set to a value of ‘1’ at step 52. 

[0038] At step 54, the engine is alloWed to stabiliZe prior 
to commencement of the actual test. During the stabiliZing 
period, the test cylinder is cut out of the fueling scheme. 
Control ?oW proceeds to step 56 When the stabiliZing time 
exceeds or is equal to the settling time variable (BALTIM), 
Which has a range of 0-30 seconds and a default value of 2 
seconds. 

[0039] As shoWn in FIG. 2, once the engine has stabiliZed, 
at step 5 6 the acceleration RPM With the test cylinder cut out 
is measured, starting With the ?rst cylinder cut out. To do 
this, the fueling control signal, Which could be a pulse Width 
signal or derived from torque, for the remaining injectors, is 
set to the value of BALFPW, and the beginning of injection 
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(B01) time for the remaining injectors is set to BALBOI, 
Wherein BALFPW is the balance pulse Width variable, 
Which has a range of 0°-30° and a default value of 13° (of 
crankshaft rotation), and Wherein BALBOI is the balance 
beginning of fuel injection variable, Which has a range of 0° 
-30° and a default value of 10°. 

[0040] Control ?oW preferably proceeds to step 58 of 
FIG. 2 When the number of actual engine revolutions since 
the pulse Width and injection time Were set, equals or 
exceeds BALREV, the variable representing the balance end 
ramp revolutions, Which has a range of 0-100 revolutions 
With a 1 revolution resolution and a default value of 8 
revolutions. The value of BALREV is set to ensure the 
occurrence of a certain number of ?rings for the test. As is 
knoWn, in a four stroke 8-cylinder engine, four cylinders ?re 
for each crankshaft revolution, Whereas all eight cylinders 
are ?red each revolution in a tWo stroke 8-cylinder engine. 
With BALREV and BALFPW set to the indicated defaults, 
an increase in engine speed of approximately 500 RPM Will 
be realiZed during the test. At this point (revsZBALREV), 
the engine speed is stored in memory for the cut out injector. 

[0041] At step 58 of FIG. 2, the ECM determines Whether 
or not an additional injector needs to be tested or Whether the 
injector balance test is complete. If the value of CYLTST 
exceeds or equals the number of engine cylinders 
(ZNCYLH), no additional injectors need to be tested and 
control How skips to step 62, Wherein adjustment factors are 
determined. If, hoWever, additional injectors are to be tested, 
the value of CYLTST is incremented at step 60, and control 
How returns to step 54 so that steps 56 and 58 can be 
repeated for each injector to be tested. 

[0042] With continuing reference to FIG. 2, at step 62 
adjustment factors are calculated after all the injectors to be 
tested (i.e. cut out) have been tested. In a preferred embodi 
ment, this entails ?rst determining an average RPM 
(RPM AVG) for the tested injectors according to: 

(RPM) 
RPMAVG : ZNCYLH 

[0043] Wherein 2(RPM) is the sum of all RPMs measured 
at the conclusion of step 56. 

[0044] Next, an adjustment RPM ratio (RPMADDQ is 
determined for each cylinder according to: 

RPM, 
RPMA VG 

RPMADJX = 

[0045] for x=1 to 8 for an eight cylinder engine, Wherein 
RPMX is the RPM 5 measured at the conclusion of step 56 
for the particular cylinder. The adjustment factors (FCT 
ADDQ, Which Will ultimately modify the ?nal injector pulse 
Width, are determined according to: 

[0046] Wherein BALGAN is the balance gain Which has a 
range of 0-2 With a default value of 0.8. A temporary 
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adjustment factor (FCTTMPQ is then determined according 
to: 

FCTTMPX=m in (BALLIM, m a X (—BALLIM, (FCT 
ADJ(X71)+FCTADX))) 

[0047] Wherein BALLIM represents a balance limit hav 
ing a range of 0-1 With a .01 resolution and a default value 
of 0.07. Thus, to determine the temporary adjustment factor, 
the ECM ?rst identi?es the maXimum of —BALLIM and the 

sum of FCTADKXD and FCTADJX (Wherein FCTADJOM) is 
the previous adjustment factor for that cylinder). The ECM 
then compares that maXimum to the value of BALLIM, and 
takes the minimum of those quantities as the temporary 
adjustment factor. 

[0048] At step 64, the adjustment factors are updated, and 
the results are output to the user. In the preferred embodi 
ment, updating the adjustment factors includes normaliZing 
the calculated adjustment factors. Normalization of the 
adjustment factors is accomplished utiliZing a normaliZing 
factor, determined according to: 

[0049] Thus, FCTNRMX is obtained by taking the product 
of all (1+FCTTMPQ quantities. The fuel injector pulseWidth 
adjustment factor for each cylinder can then be determined 
according to: 

(1+ FCTTMPX) _ 
l 

FCTNRMX 
FCTX : 

[0050] Once determined, at step 64, all of the adjustment 
factors for the cut-out cylinders (i.e. all values of FCTQ are 
stored in memory and then multiplied by the ?nal injector 
pulseWidth: 

[0051] Wherein PWMULT is an engine-speci?c horse 
poWer adjustment constant stored in non-volatile memory, 
INCFACX is the injector fuel ?oW rate, and SPW is the base 
fuel pulse Width determined by the ECM based on operating 
conditions and knoWn principles of ignition and combustion. 
Although not speci?cally shoWn in FIG. 2, the methodology 
could be performed using multiple iterations of the steps. 

[0052] It is knoWn that certain fuel injectors, sometimes 
termed high fuel or hot injectors, generate more poWer than 
other injectors. With the balance test of the present inven 
tion, the effects of this variation can be minimiZed by 
compensating the fuel delivery of each fuel injector. For 
eXample, if the engine has a high output injector, When that 
injector is cut out, the associated rise in engine speed 
resulting from the balance test Will be less than the rise in 
engine speed occurring When the high output injector is 
fueled and a nominal injector is cut out. Adjustment factors 
compensate for a high output injector by reducing the fuel 
delivered to that injector. By compensating the fuel injec 
tors, the present invention operates to reduce engine Wear, 
reduce the amount of engine smoke and particulates gener 
ated, and provide smoother poWer delivery. It should be 
appreciated that the injector speci?c information described 
above may be retrieved and/or compared in the user inter 
face 34 or in the ECM 20 for engine diagnosis and tracking 
purposes. 
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[0053] Referring noW to FIG. 3, there is shoWn a How 
chart detailing the steps for a fuel economy speed limit adder 
according to the present invention. The goal of this aspect of 
the present invention is to provide an incentive to the vehicle 
operator to behave in a Way generally consistent With the 
goals of the ?eet managers to maXimiZe fuel economy. 
Typically, drivers strive to increase vehicle speed. In light of 
this fact, increasing the speed available to the driver as fuel 
economy increases as a result of for eXample, minimiZation 
of idle time, selection of the optimum transmission gear, 
maintaining a steady throttle, or reducing the use of engine 
driven accessory loads, provides a poWerful incentive for the 
driver to behave as desired. 

[0054] The strategy to provide the speed-based incentive 
utiliZes numerous variables. In the preferred embodiment, 
calibration values for these variables are as folloWs: 

MINIMUM INITIAL 
NAME RANGE RESOLUTION VALUE 

THRESHMPG 2-20 MPG 0 1 MPG 7 MPG 
MAX MPHMPG 0—10 MPH 1 MPH 5 MPH 
MPH MPGGN 0—20 MPH/ 0 1 MPH/ 5 MPH/ 

MPG MPG MPG 
MPG FILTCON 0—0.01 0.00002 0 00055 
MPG LIM 0—10 MPG 0.1 MPG 3 MPG 
MPG TYPE Switch 0 = trip avg, 1 = ?ltered 

[0055] Fuel economy, measured in terms of miles per 
gallon (MPG), can be either the trip average fuel economy 
(MPG_TYPE=0) or a ?ltered fuel economy (MPG_ 
TYPE=1). In a preferred embodiment, ?ltered MPG 
(FILMPG) is utiliZed and is calculated at step 70 using a 
standard 1st order lag calculation limited betWeen calibra 
tion limits according to: 

FILMPG=m in (MPG_LIM+THRESHMPGrn a X 
(THRESHMPG—MPG_LIM, 

(FILMPG‘,1+MPG_FILTCON*(INSTMPG— 
FILMPGFOD) 

[0057] Wherein MPG_LIM represents the maXimum per 
missible deviation from the ?eet fuel economy goal, 
THRESHMPG represents a threshold fuel economy, MPG_ 
FILTCON is a fuel economy ?lter constant, INSTMPG repre 
sents an instantaneous fuel economy, and FILMPGt_1 repre 
sents the previously determined ?ltered fuel economy. This 
calculation is done frequently, such as once per second, to 
react in a timely manner to current driver behavior. 

[0058] The MPGMPH term, Which represents the speed 
adder, is calculated to increase alloWable vehicle speed once 
the threshold fuel economy has been obtained, although it is 
limited to the maXimum speed calibration value 
MAX_MPHMPG. More speci?cally, alloWable vehicle speed 
is proportionally increased according to the amount by 
Which the threshold fuel economy is exceeded. In a preferred 
embodiment, the MPGMPH term is determined at step 72 
according to: 

PGMPH=m in(MAX_MPHMPG, 
MPH_MPGGN*maX(0, (INSTMPG—THRESHMPG) 

[0059] Wherein MAX_MPHMPG represents the maXimum 
amount the vehicle speed may be increased, and MPH_ 
MPGGN is the fuel economy gain the value of Which may 
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vary based on customer input. For the feature to function as 
intended, the calculated MPG value is preferably saved 
across ignition cycles, and initialiZed to Zero in the case of 
the ?rst poWer up or in the case of an error. If the VSS fails, 
the speed adder is set to Zero. At step 74, the ECM adjusts 
the speed maximums. More particularly, the cruise maxi 
mum MPH (CCMAXS) and the road speed limit maximum 
MPH (RSLMPH) are modi?ed by the addition of MPGMPH 
to CCMAXS and RSLMPH When this feature is enabled. 

[0060] According to another aspect of the present inven 
tion, fuel delivery to the engine is limited at certain altitudes. 
The goal of this aspect of the present invention is to prevent 
damage to the turbocharger from excessive speed or com 
pressor surging at certain barometric pressures (such as 
those typically encountered at high altitudes), preferably by 
reducing poWer via a torque limit at those barometric 
pressures. 

[0061] In a preferred embodiment, a limit torque (HATQ) 
is de?ned according to: 

(RPMMX - RPM) * (1 - TRQMN) + 

RPMMX - RPMMN 
TMP: 

PRTQ *max(0, (BARO - PRMN)) 

[0062] and 

HATQ=m in(1, TRQMN+m ax(O, TMP)) 

[0063] Wherein RPMMX represents the RPM for maxi 
mum barometric pressure compensation Which has a range 
of 0-2500 With a default value of 1800 RPM, RPM is the 
engine speed, TRQMN represents the minimum torque after 
compensation Which has a range of 0-100 and a default of 
100%, RPMMN represents the minimum RPM for compen 
sation Which has a range of 0-2500 and a default of 1100 
RPM, PRTQ represents the pressure gain for compensation 
Which has a range of 0-2% per kPa and a default value of 1% 
per kPa, and PRMN represents the minimum pressure for 
compensation Which has a range of 0-120 and a default value 
of 50 kPa. The calculations are performed, and the torque 
limit is imposed, When the conditions for torque limiting 
exist, such as if the barometric pressure is beloW that Which 
provides a torque that is greater than or equal to the current 
requested torque. It should be noted that the variables are 
calibrated such that RPMMX>RPMMN. 

[0064] FIG. 4 is a graphical representation of the torque 
reduction (i.e. percent of maximum engine output torque) as 
a function of altitude and engine speed. The solid lines 
indicate typical requested torque limit, and lines of constant 
poWer. Limited torques are shoWn for barometric pressures 
of 0 kPa, 50 kPa, 72.86 kPa, 81.12 kPa and 100 kPa. As 
shoWn, the torque varies inversely With the barometric 
pressure (BARO) so that more torque reduction (less torque) 
is provided at loWer barometric pressures typically encoun 
tered at high altitudes. 

[0065] More particularly, the graph illustrates various 
torque reductions for a particular engine application, With 
TRQMN=57%, RPMMN=1050 RPM, RPMMX=2100 RPM, 
PRTQ=0.0080, and PRMN=50 kPa. Once determined, the 
limit torque may be imposed as a global engine torque limit 
as described above. 

Sep. 13, 2001 

[0066] As previously noted, the user interface, or data hub, 
34 is used to store user calibration parameters, ?eet man 
agement information, and retrieve engine historical infor 
mation logged as a result of diagnostic or malfunction codes. 
The data hub 34 preferably stores this information in sets 
referred to herein as pages, although various other methods 
of storage are possible, such as ASCII ?les. The ?rst page 
relates to vehicle information. In the preferred embodiment, 
the vehicle information page includes total vehicle distance, 
total fuel used, total engine hours and engine serial number. 
All values are maintained from the ?rst use of the engine, 
and can not be reset. 

[0067] The electronic control module 20 can sample vari 
ous sensors at regular intervals under controlled conditions, 
or it can sample continuously. For instance, the coolant 
temperature may be sampled continuously When the engine 
is expected to have reached operating temperature. Studying 
the trend data over a period of time gives an indication of the 
condition of the element being measured or may give an 
indirect indication of the condition of other elements of the 
engine. For example, a decreasing average for coolant 
temperature may indicate a malfunctioning thermostat, 
Whereas an increasing average temperature may indicate a 
clogged radiator. 

[0068] Accordingly, the electronic control module 20 
cooperates With the data hub 34 to maintain a plurality of 
trend pages. Generally, trend information can be reset, but 
the preferred practice is to alloW the trends to run continu 
ously over the life of the engine. In this manner, a prede 
termined number of most recent samples, for example 100, 
are alWays available for trend analyses. The values repre 
sented by the letters “aaa”, “bbb”, and so on, can be 
user-speci?ed to customiZe the trend information, and the 
value Within parentheses after the letters indicates the 
default value. Of course, the default values may be hard 
coded into the system, removing that aspect of customer 
input. Lastly, it should be noted that all trend pages may be 
reset. Resetting Will clear all of the trend sample points 
stored on a particular page. 

[0069] The ?rst trend page maintained relates to oil pres 
sure. An oil pressure trend sample is monitored during every 
aaa(20) engine hours. The average oil pressure during the 
time interval of the sample period Where the RPM exceeded 
bbb(1600) but Was less than ccc(1800), and the oil tempera 
ture exceeded ddd(180° but Was less than eee(220° is 
taken as the sample. The starting engine hours at Which time 
the sample period began is also stored. Generally, the oil 
pressure trend is monitored for an unusual change in pres 
sure, such as a large drop in pressure. Such a drop in pressure 
may be indicative of mechanical problems, a regulation 
problem, fuel dilution, or a loW quantity of oil. 

[0070] The data hub also maintains a turbo boost pressure 
trend page. In the preferred embodiment, a turbo boost 
pressure trend sample is determined based on every aaa(20) 
engine hours. The average turbo boost pressure during the 
time interval of the sample period Where the RPM Was 
greater than bbb(1400) and less than ccc(1600) and the 
poWertrain demand is greater than or equal to ddd(96%) and 
less than or equal to eee(100%) is taken as the sample. The 
starting point from Which the sample had begun is also 
stored in the form of engine hours. The turbo boost trend 
operates to monitor the fuel and air system. Generally, an air 
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leak manifests itself as a reduction in the turbo boost. 
Similarly, a fuel restriction (e.g. clogged fuel ?lter) mani 
fests itself as a reduction in the turbo boost. 

[0071] As a means of monitoring the electrical system, the 
data hub 34 maintains a battery voltage trend page. Abattery 
voltage trend sample is taken every aaa(20) engine hours for 
a period of bbb(60) minutes. The average battery voltage for 
all of the time in the sample period Where the rpm Was 
greater than ccc(1600) and less than ddd(1800) is taken as 
the sample. The starting point of the sample period is also 
stored. Generally, an unusual increase in battery voltage may 
be indicative of a voltage regulator failure, Whereas an 
unusual decrease in battery voltage may be indicative of a 
broken alternator belt. 

[0072] The data hub also maintains a fuel economy trend 
page. A fuel economy trend takes a sample every aaa(20) 
engine hours and records the average fuel economy betWeen 
the last sample and the current sample. The starting point of 
the sample period is also stored. 

[0073] As a means of monitoring the oil cooling system, 
the data hub 34 maintains a maXimum oil temperature trend 
page. A maXimum oil temperature sample is determined 
over every aaa(20) engine hours. The maXimum oil tem 
perature reached betWeen the time the last sample Was taken, 
and the current sample, is recorded on the page. The starting 
point of the sample period is also stored as cumulative 
engine operating hours. An oil temperature measurement 
Which indicates a rise in maXimum temperature may be 
indicative of engine mechanical problems. 

[0074] Additionally, a coolant temperature sample is taken 
every aaa(20) engine hours. The maXimum coolant tempera 
ture reached betWeen the time the last sample Was taken, and 
the current sample, is recorded. The starting engine hours 
point from Which the sample Was taken is also stored. A 
coolant temperature measurement Which indicates a rise in 
maXimum temperature may be indicative of a plugged 
radiator, a malfunctioning thermostat, or cooling fan anoma 
lies. 

[0075] The data hub also maintains a maXimum RPM 
trend page. An RPM sample is taken every aaa(20) engine 
hours and the maXimum RPM reached betWeen the time the 
last sample Was taken, and the current sample, is recorded on 
the page. The starting point of the sample period is stored in 
the form of cumulative engine operating hours. Through the 
maintenance of maXimum RPM trend pages, driver com 
parisons are possible. 

[0076] As another means of making driver comparisons, 
the data hub also maintains maXimum vehicle speed trend 
pages. A speed sample is taken every aaa(20) engine hours. 
It records the maXimum speed reached betWeen the time the 
last sample Was taken and the current sample, in addition to 
starting point of the sample period in the form of cumulative 
engine operating hours. 

[0077] Additionally, the data hub 34 maintains minimum 
throttle position sensor voltage trend pages. It should be 
appreciated that various types of throttle position sensors, 
such as a ratiometric sensor, may be used. Athrottle position 
voltage sample is taken every aaa(20) engine hours. The 
minimum throttle position voltage reached betWeen the time 
the last sample Was taken, and the current sample, is 
recorded, in addition to the starting point of the sample 
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period in the form of cumulative engine hours. With this 
information, throttle position sensor Wear can be monitored. 
Generally, the output of the throttle position sensor 
decreases in value as the sensor Wears. 

[0078] In addition to the trend pages discussed in greater 
detail above, the data hub 34 is capable of performing li?ng 
of vehicle components, such as engine components. In a 
preferred embodiment, up to 10 components can be moni 
tored independently. During the setup of the electronic 
control module 20 information, the names of the 10 com 
ponents to be monitored can be speci?ed by an operator, i.e. 
oil ?lter, coolant, oil, and the like. Each of the components 
can be monitored by one or more of the folloWing mecha 
nisms: vehicle distance traveled, engine hours used, calendar 
time, total engine revolutions, total fuel burned, or idle time. 
The li?ng information is maintained on a service interval 
page, Which includes the value set for the service life and the 
total usage currently incurred, for each of the monitored 
engine components. The li?ng information also preferably 
includes percent of life left, as Well as the eXpected replace 
ment/service date based on vehicle usage rates. The folloW 
ing components, to name a feW, can be selected as standard 
for component li?ng: oil ?lter, oil, air ?lter, fuel ?lter, and 
coolant. Each of the individual components for Which the 
service interval is being calculated may be reset, so that its 
accumulated use is set to Zero. 

[0079] The event log page provides a coarse indication of 
the usage of the engine. In the event log, the state of the 
engine Will be logged for the ninety-six (96) quarter hour 
intervals in a day. The event log Will keep this information 
for a predetermined number of (the most recent) days, such 
as ?ve The folloWing information is preferably avail 
able: start date and time, end date and time, number of 
entries, and entry (indicating engine on, off, idle, and cruise) 
for the 480 quarter hour entries. If the ECM clock is not 
properly set, or the poWer has been removed, this page may 
give inappropriate results. 

[0080] In addition to the features described above, the 
electronic control module 20 also performs throttle control 
logic. More speci?cally, the electronic control module 20 
determines a throttle position offset to ensure that the throttle 
position sensor (TPS) value is Zero When the throttle is fully 
released, and to ensure that the value is forced to Zero in 
error conditions as a safety precaution. 

[0081] An additional mechanism, if con?gured, operates 
to prevent the engine from being accelerated When a vehicle 
door is open. 

[0082] In determining the throttle position offset, the elec 
tronic control module 20 utiliZes an impulse ?ltered offset, 
a smoothed offset, and a computed offset. Generally, the 
impulse ?ltered offset is obtained by selecting the middle or 
median value of a group (such as three) of samples. Thus, the 
effect is to drop the highest and loWest samples of a group 
of samples. The smoothed offset is obtained utiliZing a ?rst 
order lag ?lter. The computed offset is obtained as described 
beloW. 

[0083] With reference noW to FIG. 5, at the start of an 
ignition cycle, the impulse ?ltered offset, the smoothed 
offset, and the computed offset are initialiZed to the maXi 
mum physically possible raW value (eg 1023). If the A/D 
converter device associated With the TPS is in a conversion 
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fail condition, or if a digital input is con?gured as a dual 
drive EFPA switch and the debounced state of that input 
changes indicating a change in the active TPS (step 80), then 
at step 82 the impulse ?ltered offset, the smoothed offset, 
and the computed offset are held at the maximum physically 
possible raW value. 

[0084] As shoWn in FIG. 5, if a sensor fail loW or sensor 
fail high fault is detected, or if one of the digital inputs to the 
ECM 20 is con?gured to be a door sWitch, and the 
debounced state of that input represents a loW external input 
indicating an open vehicle door (step 84), the impulse 
?ltered offset, the smoothed offset, and the computer offset 
are held at the maximum physically possible raW value at 
step 86. 

[0085] OtherWise, at each conversion, the raW value of the 
TPS output is passed through the impulse noise ?lter at step 
88, Which, as described above, Will keep the most recent 
three raW values and pass the arithmetic middle value 
(median). The result, Which is the impulse ?ltered offset 
(IFO), is then ?ltered With a ?rst order lag ?lter to obtain the 
smoothed offset as folloWs. 

[0086] With continuing reference to FIG. 5, if the impulse 
?ltered offset is greater than the previously determined 
smoothed offset (step 90), the equation (step 92) is: 

[0087] Wherein SOT represents the neW smoothed offset, 
SOT’1 represents the old smoothed offset, TPINFC represents 
the throttle position sensor offset increasing ?lter constant 
Which has a range of 0-1, and a default value of 0.01. 

[0088] OtherWise, at step 94 the smoothed offset is deter 
mined as folloWs: 

[0089] Wherein TPDEFC represents the throttle position 
sensor offset decreasing ?lter constant Which has a range of 
0-1, and a default value of 0.2. 

[0090] If the ECM 20 receives, as a digital input, a throttle 
idle sWitch output and the debounced state of that input 
represents a loW external input to the ECM indicating a 
closed throttle idle validation sWitch (step 96), then the 
computed offset is obtained at step 98 as folloWs: 

[0091] Wherein COT represents the neW computed offset, 
COT_1 represents the old computed offset, SOT represents the 
smoothed offset, TPOHIS represents the throttle position 
sensor offset hysteresis Which has a range of 0-250, and 
TPOMIN represents the throttle position sensor minimum 
offset Which has a range of 0-250. Thus, the ECM 20 ?rst 
compares the sum of the current smoothed offset and the 
TPS offset hysteresis and the TPS minimum offset and takes 
the maximum of the tWo. The ECM then compares that 
quantity With the previous computed throttle offset and takes 
the maximum of those tWo as the neW throttle offset. 

[0092] OtherWise, the computed offset is determined at 
step 100 according to: 

COT=m a x(m in (COTJSOTJPOHIS), TPOMIN) 

[0093] Thus, the ECM ?rst compares the previous com 
puted offset to the sum of the current smoothed offset and the 
TPS offset hysteresis and takes the minimum. Next, the 
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ECM 20 compares that quantity to the TPS minimum offset 
and takes the maximum of that comparison. 

[0094] In addition to the features described above, the 
present invention includes a gear ratio torque limit embodied 
in a ?nal torque determination by the electronic control 
module 20. The gear ratio torque limit strategy Will ?rst be 
provided, folloWed by an explanation of the variables, terms 
and the like used therein. It should be appreciated that 
although the present discussion focuses on a loW gears 
torque limit, the strategy is equally applicable to other gear 
ratios With appropriate modi?cations. 

[0095] With reference noW to FIG. 6, generally, the loW 
gears torque limit strategy limits engine torque based on 
engine speed (ES) and vehicle speed (VS) in an effort to 
protect the transmission from damage. As shoWn, the engine 
and vehicle speeds are measured at step 110. More particu 
larly, at step 112, a virtual gear ratio (VGR) is determined. 
VGR is de?ned as the ratio of engine speed and vehicle 
speed (VGR=ES/VS). At step 114, VGR is compared to a 
predetermined value, such as a loW gear torque limit thresh 
old (trlrat). Based on that comparison, engine torque may be 
limited. It should be appreciated that there could be prede 
termined values associated With a variety of gear ratios— 
rather than a single threshold. 

[0096] With continuing reference to FIG. 6, in the pre 
ferred embodiment, at step 116, the ECM 20 determines if 
the VGR has not been beloW the threshold plus/minus some 
hysteresis (trlhys) since it Was last above trlrat. Generally, if 
VGR is decreasing, VGR is compared to the quantity 
(trlrat-trlhys), Whereas VGR is compared to the quantity 
(trlrat+trlhys) if VGR is increasing. The use of hysteresis has 
knoWn bene?ts. Based on the comparison at step 116, engine 
torque is limited to the value of the loW gear torque limit 
(trllim) at step 118, Which is calibratable. The result is that 
When the transmission is in a loW gear (ie high engine 
speed relative to vehicle speed), the engine torque is limited. 
In this manner, a lighter duty transmission, With its attendant 
cost savings, can be utiliZed. 

[0097] In the preferred embodiment, if the engine is being 
shutdoWn, due for example to the existence of a stop engine 
condition, ?nal torque is set to Zero. The determination of 
?nal torque (FTQ) varies based on numerous considerations 
described beloW. If the electronic control module is a master 
controller (rather than a slave controller), and a slave-to 
master message has been read from a communications link 
(such as an SAE J 1939 link) during the current ignition 
cycle, then ?nal torque (FTQ) is determined according to: 

FTQ=m mawrgm, RDTQMSS, SCTQ) 

[0098] Wherein RDTQCTL is the rampdoWn torque deter 
mined by the ECM, RDTQMSS is the rampdoWn torque from 
the most recent message received over the link, and SCTQ 
is the smoke control torque. 

[0099] OtherWise, if the vehicle speed sensor is enabled, 
loW gear torque limit is enabled, external engine synchro 
niZation is not set, and a vehicle speed sensor failure fault is 
detected, FTQ is: 

[0100] Wherein RDTQ is rampdoWn torque, trllim is the 
loW gear torque limit value having a range of 0-100% and a 
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coarse resolution of 0.5%, and SCTQ is smoke control 
torque. Thus, the minimum of the three quantities is utilized 
as ?nal torque. 

[0101] OtherWise, if the vehicle speed sensor is enabled, 
loW gear torque limit is enabled, external engine synchro 
niZation is not set, and the vehicle speed is less than the 
cruise control minimum speed to set the cruise, FTQ is 
determined according to: 

[0102] FTQ=m in(RDTQ, trllim, SCTQ) 
[0103] OtherWise, if the vehicle speed sensor is enabled, 
loW gear torque limit is enabled, external engine synchro 
niZation is not set, and VGR has not been beloW trlrat-trlhys 
since it Was last above trlrat, then FTQ is determined 
according to: 

[0104] FTQ=m in(RDTQ, trllim, SCTQ) 
[0105] Wherein trlrat is the loW gear torque limit VGR 
threshold having a range of 0-300 and a default of .01 
RPM/MPH, and trlhys is the loW gear torque limit VGR 
hysteresis having a range of 0-300 and a default of .01 
RPM/MPH. OtherWise, FTQ is determined according to: 

[0106] FTQ=m in(RDTQ, SCTQ) 
[0107] RampdoWn torque (RDTQ) is determined based on 
a stop engine limit torque, an overtemperature limit torque, 
and a marine limit torque, according to: 

[0108] RDTQ=(m in SETQ, OTTQ, MLTQ) 
[0109] Wherein SETQ is the stop engine limit torque, 
OTTQ is the overtemperature limit torque, and MLTQ is the 
marine limit torque. 

[0110] Generally, stop engine torque limiting occurs When 
a stop engine condition exists, such as loW oil pressure. In 
the preferred embodiment, SETQ is determined according 
to: 

[0111] SETQ=m ax (setmin, ST*STPTST) 
[0112] Wherein setmin is the stop engine minimum torque, 
ST is the saved torque—the value of ?nal torque FTQ at the 
time the ?rst stop engine condition occurred, and STPTST is 
the stop engine throttle scaling time, Which has a range of 
0-100 and a coarse resolution of 5%. 

[0113] Thus, to determine the stop engine torque limit, the 
ECM 20 compares the values of the stop engine minimum 
torque, and the quantity of the saved torque and the stop 
engine scaling time, and sets SETQ as the maximum of the 
compared values. If no stop engine condition exists, SETQ 
is 100% of the available engine torque or the ?nal torque 
(FTQ). 
[0114] As shoWn above, the rampdoWn torque is also 
based on an over temperature limit torque. Generally, over 
temperature torque limiting occurs When at least one over 
temperature condition exists. Typical over temperature con 
ditions include, but are not necessarily limited to, excessive 
cylinder head temperatures, coolant temperatures, oil tem 
peratures and transmission temperatures. If over temperature 
protection is enabled, in the preferred embodiment, OTTQ is 
determined according to: 

[0115] OTTQ=m a X (setmin, ST* DIWTST) 

[0116] Wherein ST is saved torque—the value of ?ltered 
torque (STQ) at the time the over temperature condition 
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began, and DIWTST is the Warning throttle scaling table 
value, the value of Which varies based on the magnitude of 
the overtemperature. In one embodiment, DIWTST assumes 
a value betWeen 0 and 100. 

[0117] Marine limit torque is also utiliZed in determining 
the rampdoWn torque. Preferably, the marine limit torque is 
determined according to: 

tqtret — TM RTL 

[0118] and 

[0119] 1mt=DTQLMT(ENGRPM)(1+TQADV(ARN, 
ENGRPM)) 
[0120] Wherein tqtret is the maximum torque reduction 
end time, TMRTL is the torque limiting timer the value of 
Which represents the time since the torque limit Was 
exceeded, tqtrst is the maximum torque reduction start time 
variable, MAXTQ is the maximum torque of the engine, 
DTQLMT is the digital torque limiting table value Which is 
based on the engine speed (ENGRPM), TQADV is the 
torque adjustment table value Which is based on the engine 
rating and the engine speed, and ARN is the active rating 
number. If the TMRTL is less than the value of the maximum 
torque reduction start time variable (tqtrst), then the marine 
limit torque is 100% of the ?nal torque. 

[0121] As shoWn above, the ?nal torque FTQ is deter 
mined With a comparison to SCTQ, the start and smoke 
control torque. If the engine is in the start mode of operation, 
SCTQ is determined according to: 

[0123] Wherein RTQI represents the driver requested 
torque and SMDTQ is the starting torque, the value of Which 
varies based on oil temperature and engine speed. In the 
preferred embodiment, the engine is in the start mode of 
operation if the engine speed is Within a predetermined 
speed WindoW. More speci?cally, the engine is in a start 
mode if the engine speed has not been above the quantity 
smiddl+ISPD (Wherein smiddl represents a predetermined 
delta speed above the engine idle speed Which must be 
exceeded to exit the start mode of engine operation, and 
ISPD represents the idle speed) since the engine speed Was 
last beloW smback (Which represents the engine speed to 
reenter the start mode). 

[0124] OtherWise, if governor torque (GOTQ) exceeds the 
smoke limit torque (SLTQ), the engine is in a smoke control 
mode of operation, and SCTQ=SLTQ, Which is determined 
utiliZing the smoke limit torque (SCTORQ) function, the 
value of Which varies based on engine rating (ARN), SCBST 
(smoke control boost pressure), and engine speed 
(ENGRPM): 

[0125] SLTQ=SCTORQ(ARN, SCBST, ENGRPM) 

[0126] OtherWise, SCTQ=requested torque. 

[0127] In a preferred embodiment, the ECM 20 also 
implements improved fan control logic. A detailed discus 
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sion of fan control is provided in US. patent application Ser. 
No. 08/113,424, ?led on Aug. 27, 1993, titled “Method for 
Engine Control” and assigned to the assignee of the present 
application, the speci?cation of Which is hereby expressly 
incorporated by reference in its entirety. More speci?cally, 
this feature adds the capability of providing fan operation 
based on the operational state of the transmission retarder, 
the coolant temperature, manifold air temperature, or the air 
inlet temperature. In a preferred embodiment, the system 
and method of the present invention impose a minimum 
engine output torque requirement prior to operating the 
cooling fan due to a high air temperature indication. 

[0128] According to the present invention, the ECM 20 
includes a digital input function providing for fan operation 
When the transmission retarder has been activated for a 
period of time and the coolant temperature has exceeded a 
particular temperature. In this Way, ECM 20 automatically 
energiZes the fan to assist in the cooling of the engine to 
anticipate heat Which Will be absorbed by the coolant due to 
the operation of the transmission retarder. Prior art systems 
often rely primarily on the coolant temperature to activate 
the cooling fan. By anticipating the rise in coolant tempera 
ture, the present invention provides improved control of the 
engine operating temperature Which has a number of atten 
dant advantages as discussed beloW. 

[0129] Still further, in a preferred embodiment, the ECM 
20 includes an air temperature torque limit. If any part of the 
fan system Were to fail, or if a vehicle operator forgets to 
remove a Winter radiator cover prior to driving in Warm 
ambient temperatures, the compressed air from the turbo 
charger Will not be cooled sufficiently prior to delivery to the 
cylinders. As a result, combustion temperatures rise, as does 
friction, Wearing the cylinder Walls and piston prematurely. 
Although other con?gurations are possible, this feature is 
preferably con?gured such that torque is reduced if the air 
inlet temperature is greater than ATNTMP and engine speed 
is greater than ATNRPM to a maximum reduction of 
ATQMIN at ATXRPM. Setting ATNRPM to an RPM greater 
than the maximum transmission override RPM Will disable 
this feature. 

[0130] More speci?cally, Whenever the air (compressed or 
uncompressed) inlet temperature rises above AT NTMP and 
the engine speed exceeds ATNRPM, an absolute torque limit 
Will be computed. The torque of the engine Will not exceed 
this limit. The air temperature torque limit is preferably 
con?gured to approximate constant horsepoWer for a given 
temperature Which provides predictable engine behavior and 
appropriate engine protection. If the air temperature sensor 
fails high, the air temperature Will ramp doWn or up to the 
default air temperature. The input ?lter constant AIIFC 
determines the ramp rate Which preferably spans several 
seconds so that abrupt torque limit jumps do not occur. 

[0131] The air temperature torque limit is determined 
according to: 

A 2 ma 0’ ATXTMP- ATNTMP 

ENGRPM — ATNRPM] 

ATXTMP- AIT ] 

B=ma 0,1- — 
ATXRPM-ATNRPM 
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-continued 

A * (ATQMAX - ATQMIN) + B * (1 - ATQMIN) + ATQMIN 

ATTQ = MIN(1, MAX(A TQMIN, c)) 

[0132] Wherein AIT is the air temperature (air inlet or 
manifold air temperature), ATNRPM is the engine speed at 
or beloW Which ATTQ is 100% for any air temperature, 
ATQMAX is the absolute torque limit When the engine rpm 
is greater than or equal to ATXRPM and the air temperature 
is less than or equal to ATNRMP, ATQMIN is the minimum 
absolute torque limit (ATTQ equals this value When speed is 
greater than or equal to AT XRPM and the air inlet tempera 
ture is greater than or equal to ATXTMP), ATTQ is an 
absolute torque limit and is a factor in determining the 
rampdoWn torque (the ?nal torque (FTQ) can not exceed this 
limit), ATXRPM is the engine speed at Which ATTQ= 
ATQMAX When air temperature éATNTMP and engine 
speed is at or above Which maximum torque reduction 
occurs, speci?cally ATTQ=ATQMIN When air 
temperature ZATXTMP, and ENGRPM is the engine RPM 
averaged over 90° for 8- and 16-cylinder engines, 1800 
degrees for 4-cylinder engines, and 120° for others. 
[0133] Referring noW to FIG. 7, a How chart illustrating 
an idle shutdoWn feature betWeen ambient temperature 
limits according to the present invention is shoWn. Similar 
to the previously described features, this feature is imple 
mented by ECM 20. This feature provides for selective 
engine shutdoWn after a predetermined (or possibly adap 
tive) time period during Which predetermined conditions are 
met. Since idling at loW idle speeds produces sulfuric acid 
Which deteriorates oil quality and may attack bearings, rings, 
valve stems, and other engine surfaces, this feature limits the 
period of time Which an operator can alloW the engine to 
idle. Furthermore, this feature helps to improve the overall 
fuel economy of the vehicle While reducing noise and 
emissions. 

[0134] Block 130 of FIG. 7 performs various initialiZation 
functions such as determining Whether an ambient air tem 
perature sensor has been installed and is Working properly, 
Whether the parking brake is set, and the engine is idling, ie 
the accelerator pedal is not depressed and the high idle 
function is not active. The high idle function is provided to 
facilitate a vehicle Warm-up cycle While avoiding the dis 
advantages associated With a loW idle as described above. If 
an ambient air temperature sensor is not installed or is 
installed but not con?gured, the system Will estimate the 
ambient air temperature as illustrated and described in detail 
With reference to FIG. 8. Similarly, if an ambient air 
temperature sensor is installed and a short circuit to ground 
is detected, the ambient air temperature Will be estimated as 
described beloW. If an ambient air temperature sensor is 
installed and a short circuit to the vehicle battery is detected, 
the ambient air temperature is set to a value of 70° F., a fault 
is recorded, and the check engine light is illuminated. This 
prevents the idle shutdoWn from being overridden as long as 
70° F. falls Within the range established by the loWer 
calibration limit (LL) and upper calibration limit (UL) as 
explained beloW. The idle shutdoWn feature can be disabled 
by setting the upper calibration limit (UL) to a value less 
than the loWer calibration limit (LL). 
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[0135] Block 132 of FIG. 7 determines the ambient air 
temperature. This may be accomplished directly by moni 
toring the appropriate sensor, or may be an estimate as 
described in detail below. Block 134 monitors the idle timer 
to alloW idling for a predetermined period of time, prefer 
ably ?ve (5) minutes, before Warning the operator of an 
impending engine shutdoWn at block 136. This Warning may 
be any appropriate signal such as a buZZer, light, or the like. 
In a preferred embodiment, the check-engine light ?ashes 
for about ninety (90) seconds prior to engine shutdoWn. 

[0136] During the Warning period, the operator may over 
ride the shutdoWn, as indicated by block 138, provided 
operator override is enabled as determined by a calibration 
variable Which may be set via user interface 34. Preferably, 
an override request is indicated by momentarily depressing 
the accelerator pedal. If operator override is not alloWed as 
determined by the calibration variable, or the override is not 
requested by depressing the accelerator pedal (or a similar 
indication), the engine Will be shutdoWn as indicated by 
block 150. If an operator override is enabled and detected by 
block 138, then control is passed to block 140. 

[0137] Since it is desirable to alloW extended idle periods 
under certain ambient temperature conditions, such as those 
Which may justify operation of the vehicle heating or 
cooling system, block 140 determines Whether the current 
ambient air temperature (AATMP) is Within the range deter 
mined by the values of LL and UL. In a preferred embodi 
ment, LL has a value corresponding to about 40° F. and UL 
has a value corresponding to about 80° F. If the value of 
AATMP is Within the limits determined by the values of LL 
and UL, or the value of AATMP exceeds a high limit (HL) 
value, as determined by block 140, control passes to block 
144. OtherWise, block 142 resets a delay timer Which results 
in an unlimited idling time While the appropriate operating 
conditions are satis?ed. The value of HL, Which is prefer 
ably about 176° F., is utiliZed to detect an attempt to defeat 
the sensor by placing the sensor on a relatively hot surface. 
Thus, if the ambient air temperature determined by a tem 
perature sensor exceeds this value, then the operator over 
ride is disabled resulting in engine shutdoWn as indicated by 
block 150. 

[0138] If the ambient air temperature is being estimated as 
described above and illustrated by block 144, the delay timer 
is set (if it is not already running) at block 146. Preferably, 
the delay timer is set to about tWenty (20) minutes. Block 
148 then determines Whether the delay timer has expired. 
The delay timer provides a suf?cient settling time for various 
parameters used for the ambient air estimation function as 
described beloW. Once the timer initiated at block 142 or 146 
expires, the engine Will be shut doWn as indicated at block 
150, ie only one override is alloWed per ignition cycle. 
Similarly, if an ambient air temperature sensor is installed 
and functioning properly, settling time is not required and 
the engine is shutdoWn after the predetermined idling period 
elapses. 

[0139] Referring noW to FIG. 8, a graphical representa 
tion of ambient air temperature estimation is shoWn. In a 
preferred embodiment, ambient air temperature is estimated 
using information conmmonly available from standard 
engine sensors according to: 
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Toil — Tair 

RPM 

KE 

temp : Tat-r — max 0, * Ta + F anal; Off 

[0140] and 

[0141] TAATP=TAATP+KF*(temp_ AATP) 
[0142] Where Tair represents air temperature 166 Which is 
the value of the manifold air temperature if a manifold air 
temperature sensor has been con?gured, as represented by 
block 160. OtherWise, air temperature 166 is equal to the air 
inlet temperature (AIT) 162, described above, as represented 
by element 164. Block 170 represents the engine oil tem 
perature (Ton) as determined by an associated sensor. Block 
172 represents engine RPM Which is scaled by the value of 
KE(6 in a preferred embodiment), as represented by block 
174. Block 180 represents the ambient air offset factor 
(TQOEQ and block 188 represents a cooling fan offset (Fano?g. 
The “max” function, represented by block 182 selects the 
greater of the values Within braces and delineated by a 
comma, ie the “max” function returns a value of Zero for 
otherWise negative values. The ambient air temperature 
(T AATP), represented by block 196, is equal to its previous 
value added to a scaled difference value as determined by 
scaling factor KF, represented by block 194. Engine speed is 
included in the estimate since, as engine speed increases, the 
air temperature has less time to be heated by the engine. 
Similarly, the cooling fan offset is included When the cooling 
fan is on since this also reduces the air temperature. 

[0143] FIG. 9 provides a graphical representation of abso 
lute torque versus engine speed Which illustrates the rela 
tionship betWeen engine speed, air temperature and torque 
limit in a vehicle system such as in a preferred embodiment 
of the present invention. 

[0144] It is understood, of course, that While the forms of 
the invention herein shoWn and described constitute the 
preferred embodiments of the invention, they are not 
intended to illustrate all possible forms thereof. It Will also 
be understood that the Words used are descriptive rather than 
limiting, and that various changes may be made Without 
departing from the spirit and scope of the invention dis 
closed. 

What is claimed is: 
1. A method for collecting operating data from a multi 

cylinder internal combustion engine having an engine con 
trol module, the method comprising: 

monitoring engine operating conditions to determine 
When to store selected engine operating data; and 

periodically storing engine operating data in the engine 
control module in response to the step of monitoring. 

2. The method of claim 1 Wherein the step of monitoring 
includes monitoring engine rotational speed and Wherein 
engine operating data is stored only When the engine rota 
tional speed is Within a predetermined range. 

3. The method of claim 2 further comprising: 

storing an indication of cumulative engine use corre 
sponding to the engine operating data. 
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4. The method of claim 3 wherein the indication corre 
sponds to hours of engine operation. 

5. The method of claim 1 Wherein the step of monitoring 
includes monitoring oil temperature and Wherein the step of 
periodically storing includes storing oil pressure When the 
oil temperature is above a corresponding threshold. 

6. The method of claim 5 further comprising: 

determining an average oil pressure; and 

monitoring the stored oil pressure data to detect a large 
drop in pressure. 

7. The method of claim 1 Wherein the step of monitoring 
includes monitoring poWertrain demand and engine speed 
and Wherein the step of periodically storing includes storing 
turbo boost pressure. 

8. The method of claim 7 further comprising calculating 
an average turbo boost pressure based on the stored turbo 
boost pressure. 

9. The method of claim 7 further comprising monitoring 
the turbo boost pressure to detect an air leak based on a 
reduction in the turbo boost pressure. 

10. The method of claim 1 Wherein the step of periodically 
storing includes storing battery voltage samples When 
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engine rotational speed is Within a predetermined range, the 
method further comprising calculating and storing an aver 
age battery voltage. 

11. The method of claim 10 further comprising: 

monitoring the average battery voltage to detect an 
increase Which eXceeds a corresponding threshold to 
providing an indication of a voltage regulator fault. 

12. The method of claim 11 further comprising storing an 
indication of cumulative engine use corresponding to a ?rst 
one of the battery voltage samples. 

13. The method of claim 1 Wherein the step of periodically 
storing includes periodically storing an indication of fuel 
economy, the method further comprising determining an 
average fuel economy based on a current and previously 
stored indication of fuel economy. 

14. The method of claim 1 Wherein the step of periodically 
storing includes storing a maXimum ?uid temperature and an 
indication of cumulative engine use corresponding to the 
maXimum ?uid temperature. 


