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OFF-LINE DIAGNOSTICS FOR AN ELECTRONIC 
THROTTLE 

FIELD OF THE INVENTION 

[0001] This invention generally relates to control and 
diagnostic systems for internal combustion engines, and 
more particularly to engines having a poWertrain control 
module and a motoriZed module, such as an electronic 
throttle. 

BACKGROUND OF THE INVENTION 

[0002] In a modern automobile or truck With an internal 
combustion engine, there is typically a poWertrain control 
module (PCM) Which governs almost all important operat 
ing and safety features related to the vehicle poWertrain. 
Certain functions of the PCM are more important than 
others, such as controlling an engine’s fuel, air and ignition. 
Therefore, the PCM incorporates a number of diagnostic 
elements and procedures for insuring proper functioning of 
the engine. These tools include self-diagnostic routines and 
procedures. 

[0003] The diagnostic routines and procedures should be 
as automatic as possible and should be minimally-intrusive. 
That is, if the PCM routinely performs self-diagnostic pro 
cedures on a fuel system or air system, the procedures 
should not intrude on driver-commanded engine perfor 
mance, and certainly should not intrude on vehicle opera 
tion. For instance, it may be desirable for the PCM to 
exercise a throttle valve in order to check actual position 
against intended position in the throttle body, or it may be 
desirable to measure throttle motor torque or current to 
determine Whether the throttle control valve is stuck or is 
operating properly. Tests for these characteristics should not 
be run While the vehicle using these systems is operating, 
since performing the test may be inconsistent With operating 
the vehicle in the manner the driver requires. That is, 
operating the test While the vehicle is running could interfere 
With the operation or safety of the vehicle. 

[0004] What is needed is a Way to perform engine diag 
nostics, and in particular throttle diagnostics, While the 
vehicle or engine is not in operation. What is needed is a Way 
to run engine and throttle diagnostics While the vehicle or 
engine is off-line. 

SUMMARY 

[0005] One aspect of the invention is an engine diagnostic 
system. The engine diagnostic system comprises a poWer 
train control module and an electronic throttle operably 
connected With the poWertrain control module. The system 
also comprises at least one sensor for indicating a parameter 
of the electronic throttle and an output for indicating a result, 
Wherein the poWertrain control module performs at least one 
test of at least one parameter of the electronic throttle When 
the electronic throttle is off-line. Another aspect of the 
invention is a method of diagnosing an electronic throttle 
connected to a poWertrain control module of an internal 
combustion engine. The method comprises Waiting for a 
period of time When the electronic throttle is off-line, and 
then testing the electronic throttle for at least one parameter 
of performance of the electronic module. The method also 
includes outputting at least one result of the test. 
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[0006] Another aspect of the invention is an off-line 
vehicle diagnostic system. The system comprises an elec 
tronic throttle of the vehicle, and a poWertrain control 
module operably connected With the electronic throttle. 
There is at least one sensor for indicating a parameter of the 
electronic throttle, Wherein the poWertrain control module 
performs at least one test of at least one parameter of the 
electronic throttle When the electronic throttle is off line, and 
outputs a result of the at least one test. 

[0007] Other systems, methods, features, and advantages 
of the invention Will be or Will become apparent to one 
skilled in the art upon examination of the folloWing ?gures 
and detailed description. All such additional systems, meth 
ods, features, and advantages are intended to be included 
Within this description, Within the scope of the invention, 
and protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE FIGURES 

[0008] The invention may be better understood With ref 
erence to the folloWing ?gures and detailed description. The 
components in the ?gures are not necessarily to scale, 
emphasis being placed upon illustrating the principles of the 
invention. Moreover, like reference numerals in the ?gures 
designate corresponding parts throughout the different 
views. 

[0009] FIG. 1 represents a block diagram of an electronic 
throttle With a poWertrain control module. 

[0010] FIG. 2 is a perspective vieW of an electronic 
throttle for an engine. 

[0011] FIG. 3 is a chart shoWing a possible correlation 
betWeen the throttle plate position and an indicated sensor 
reading of the throttle plate position. 

[0012] FIG. 4 is a chart indicating performance of the 
throttle plate for several time parameters. 

[0013] FIG. 5 is a graph of an input voltage Waveform for 
an open loop test 

[0014] FIG. 6 is a graph of an open-loop test depicting 
hysteresis as a result of the voltage input from FIG. 5. 

[0015] FIG. 7 is a graph depicting the result of an open 
loop position test. 

[0016] FIG. 8 is a graph depicting the region Where the 
throttle does not control air?oW. 

[0017] FIG. 9 is a method for diagnosing an electronic 
throttle of an internal combustion engine While the module 
is off-line. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0018] The off-line diagnostic system can be used in 
vehicles, such as automobiles and trucks, and especially 
internal-combustion vehicles. HoWever, the diagnostic sys 
tems described and claimed herein may also be used in 
electric hybrid vehicles, such as those employing both 
internal-combustion and electric means of propulsion. The 
diagnostic system is most advantageously used With a 
motoriZed throttle of such vehicles. 

[0019] One such subsystem is a motoriZed throttle of a 
passenger vehicle. FIG. 1 depicts a block diagram of an 
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electronic throttle With a poWertrain control module 10. The 
assembly includes a poWertrain control module 11, and a 
microcontroller 13 With a microprocessor 13a having a 
memory or storage capability. The microcontroller 13 pref 
erably also includes an analog-to-digital converter 13b and 
a pulse-Width-modulation (PWM) generator 13c. The micro 
controller outputs an alarm or signal that a result of a 
diagnostic test Was out-of-limits or otherWise indicated a 
failure. The output may be a signal light or a sound, or may 
simply be a test value or test indication stored in the 
microprocessor. The test value or test indication preferably 
is available for reading by a mechanic or technician servic 
ing the vehicle. 

[0020] The PWM generator 13c drives an H-driver 14 
Which in turn drives the throttle motor 16. Adisable line also 
connects the H-driver to the microprocessor, and a current 
sense line may provide feedback from the H-driver to the 
analog-to-digital converter (ADC) 13b and microprocessor 
13a. The throttle also includes a throttle shaft 17 and a 
throttle plate 18b moving in throttle body 18a as throttle 
shaft 17 turns. There is also a throttle plate position sensor 
19 and a poWer source 12, such as a vehicle battery. Aresult 
of a diagnostic test performed by the system may be output 
by the output/alarm device 15 or may reside in the memory 
of the microprocessor 13a. For serious defects or faults, the 
diagnostic system may output the result by means of a light 
on an instrument panel of the vehicle, or by sounding an 
alarm, printing a result of the test, or voicing a Warning. For 
less serious results or for easy readout of a test result, the 
result of the diagnosis may be printed or stored in a memory 
of the microprocessor, or in another memory, such as a 
built-in-test module or other convenient storage and readout 
device. 

[0021] The throttle is depicted in greater detail in FIG. 2. 
Throttle 20 has a throttle body housing 22 and a throttle plate 
24, Which corresponds to the butter?y in a butter?y valve. 
The throttle also has a position sensor 26, such as an 
encoder, for determining and feeding back the position of the 
throttle plate 24 to the poWertrain control module. The 
electronic throttle also has a motor 28 for moving or rotating 
the throttle plate to a desired position. The motor 28 may 
move the throttle plate or butter?y through a geartrain 29. 
By moving the throttle plate to a more open or to a more 
closed position the throttle controls the ?oW of air to the 
intake manifold of the engine. Thus, the throttle controls the 
amount of air received by the intake manifold and the 
cylinders of the engine, and thus signi?cantly contributes to 
control of vehicle speed, sloWing or accelerating as desired. 

[0022] In order to understand the diagnostics that may be 
performed off-line for the electronic throttle, it may be 
helpful to brie?y discuss the Workings of this typical motor 
iZed electronic module. An electronic throttle is motoriZed 
because it operates by means of a motor Which is mounted 
to the throttle body. The motor moves in response to 
commands from the poWertrain control module, the motor 
moving the throttle plate by rotating the throttle plate 
through a geartrain or poWer transmission assembly, Which 
typically converts many revolutions of the motor to only a 
small portion of a revolution on the throttle plate, typically 
90°. As mentioned above, the electronic throttle may also 
have a position sensor for feedback of its position to the 
poWertrain control module. The throttle also typically has a 
torsion spring opposing throttle motor torque. Operation of 
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the motor may involve many parameters that are measur 
able, such as current and voltage to the motor, force needed 
to overcome the spring torsion, angular position, the time 
used to perform a particular operation, and so forth. 

[0023] It should be clear that it is undesirable to exercise 
the throttle module, for purposes of throttle actuation diag 
nosis, and particularly the throttle plate, While the vehicle or 
even the engine is in service or “on-line.” For instance, if the 
operator or the diagnostic system has a question about the 
“stickiness” of travel of the throttle plate, it Would not be 
prudent to take the throttle “off-line” for testing While the 
vehicle is in service, for instance, While traveling from one 
point to another. It may be inadvisable to exercise the 
throttle even While the vehicle is stopped With the engine 
running, if the exercise Would interfere With another func 
tion or Would cause inconvenience to an operator or other 

person Working With the engine. 

[0024] One such test that Would desirably be performed 
off-line is a test for the position of the throttle plate in 
relation to the expected distance traveled by the throttle 
plate. FIG. 3 illustrates one run of such a test, Which plots 
throttle position versus travel expected based on the number 
of turns of the motor. The solid line depicts the expected 
travel over some range, While the dotted line may indicate 
feedback from the electronic throttle position sensor. There 
may be reasons for deviation from the ideal plot, and there 
may be a range of acceptable position sensor values that 
correspond to the motor rotation. 

[0025] FIG. 4 depicts another possible test that Would 
preferably be performed off-line, such a timed parameter. In 
FIG. 4, the time for performance of a particular task is 
plotted, such as throttle delay time. In one embodiment, 
throttle delay time may be de?ned as the time to rotate the 
throttle plate from 2 degrees to 10 degrees. A standard time 
for this movement may be 10 milliseconds, measured by 
timing derived from microcontroller 13. Comparing the 
actual time for this movement to the 10 millisecond standard 
may shoW a discrepancy that exceeds a threshold. This 
discrepancy Would be ?agged as an issue. The other mea 
surements may have other de?nitions and standards. The 
diagnostic system may provide outputs of these test results. 

[0026] A non-exhaustive list of tests that an off-line diag 
nostic system could perform includes checking that throttle 
plate position matches throttle plate command at a number 
of points, throttle return time (normal, With H-driver high 
output resistance), throttle return time (H-bridge disabled, 
With H-driver loW output resistance), H-bridge enable/dis 
able Working, current limit, current sense offset, motor 
resistance, inferred motor temperature from motor resis 
tance, throttle plate stuck, ice formation, stop position 
repeatability, spring force (at several positions), hysteresis, 
stop compliance, system transfer function, broken or miss 
ing spring, detect plunger jammed open, detect plunger 
jammed closed, check Whether open stop is clear of Wide 
open-throttle position, current sense Zero When duty cycle 
command is Zero, verify throttle plate sensor slope ratio, 
verify sensor knee location, check maximum sensor dis 
agreement at steady state, check maximum sensor disagree 
ment at high speed, throttle plate positional noise, check 
throttle plate velocity With small and large step changes 
(maximum velocity), measure time for throttle plate com 
mand change from 2 degrees to ten degrees (delay time), 
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measure time for command change from ten degrees to 
seventy-four degrees (rise time), measure time for change 
from ten degrees to Within settling band from 81.5 to 82.5 
degrees (settling time), speed from 81 degrees to 82 degrees 
(approach speed) and an open loop position test. A number 
of similar tests may also be performed for closing the throttle 
plate, such as closing from a full open position (about 82 
degrees). 
[0027] Many of these tests are desirably performed at 
frequent intervals, but require far too much time during the 
brief period betWeen the time a driver of the vehicle turns the 
vehicle key on and the time the engine starts. Other periods 
of time When the poWertrain control module is available for 
off-line testing include: a production period of the vehicle; 
a time shortly after the vehicle is turned off, and the engine 
is therefore off (knoWn as PCM poWer sustain after key-off); 
some time after key-off (knoWn as PCM Wake-up); shortly 
before key-on (vehicle door sWitch begins PCM poWer-up); 
and during periods When the throttle pressure drop is very 
loW. High manifold pressure exists When the difference 
betWeen the upstream pressure and the doWnstream pres 
sure, i.e., betWeen atmospheric pressure and the intake 
manifold, is very loW. Off-line diagnostics may be run 
during any or all of these off-line periods. 

EXAMPLES 

[0028] Throttle Return Time 

[0029] An example of a test and a procedure for executing 
the test is given for throttle return time. Federal motor 
vehicle safety standards require that if the electronic throttle 
motor fails, the return spring must be able to position the 
throttle to a default position Within a speci?ed time limit. A 
test to determine the performance time of a given throttle 
Would be impractical during operation of the motor vehicle 
containing the throttle, so off-line testing may be a good 
option for this test. One embodiment of a test according to 
the present invention Would include steps of positioning the 
throttle to an extreme open position, electronically discon 
necting the motor from its poWer source (i.e., “open motor”), 
and measuring the time from “open motor” to throttle 
default position, using throttle plate position sensor 19 and 
timing derived from microcontroller 13. The test Would then 
compare the measured time With the maximum alloWed 
time, and indicating a failure and outputting a failure signal 
if the measured time exceeds the alloWed time. In vehicles 
using a shorted motor condition rather than an open motor 
condition to test for a failure mode, the motor is shorted 
(electronically), and the time is measured from that point. 

[0030] Stuck/Obstructed Throttle 

[0031] A stuck or obstructed throttle can be detected 
off-line Without having to consider operating consequences 
of throttle position. A method for checking for stuck or 
obstructed throttle includes steps of commanding a throttle 
position of near close stop (throttle almost closed), and 
Waiting a short interval of time (e.g., 200 ms). The method 
then includes verifying With the throttle position sensor 19 
that the absolute value of position error is less than a given 
value (e.g., about 1/16 of a degree). The method then includes 
commanding a throttle position near open (throttle almost 
Wide open), and Waiting a short period of time (e.g., 200 ms). 
The method then includes verifying that the absolute value 
of throttle position error is less than a given value (e.g., 1/16 
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of a degree). The method then indicates a failure if the 
position error exceeds the alloWable error, and outputs a 
failure signal if the measured error exceeds the alloWed 
error. 

[0032] 
[0033] Ice can form in a throttle body during engine 
operation and While the engine is off. At least tWo embodi 
ments of a test for ice formation are possible according to the 
method. In a ?rst embodiment, at key-on, the throttle is 
driven to close stop by applying a closing voltage to the 
throttle motor 16 for a given time period. The throttle 
position sensor 19 reading is then recorded. The method then 
compares the present throttle position sensor reading to see 
if the throttle is signi?cantly more open than it Was during 
the previous operation of the throttle. In one embodiment, 
this Would preferably mean searching for a deviation greater 
than about 1.5 degrees. Other standards may be used. If the 
throttle position is signi?cantly more open than it Was 
previously, ice may have formed. The method then includes 
indicating a failure condition and outputting a signal indica 
tive of a failure condition. A second embodiment of the 
method may be performed after key-off. The throttle is 
driven to a close stop position by applying a closing voltage 
to the throttle motor 16 for a given time period. The method 
then includes comparing the present throttle position sensor 
19 reading to see if the throttle is signi?cantly more open 
than it Was during key-on. The method then includes indi 
cating a failure condition and outputting a signal indicative 
of a failure condition. 

[0034] Current Limit 

[0035] The H-driver in the throttle motor electronics is 
designed to operate the motor Within current limits, e.g. 0-5 
amps, and to limit motor current to a speci?c standard value, 
eg a particular value in the range of 5-8 amps. One 
embodiment of the method is a process to check the current 
needed to operate the throttle motor While off-line. The test 
may be applied to open or to close the throttle. One 
embodiment of the method includes applying a closing 
voltage to the motor, and Waiting a period of time, eg 50 
ms). The method then includes measuring the absolute value 
of motor current, for instance With an integration function of 
the electronic throttle electronics. The method then includes 
comparing the measured value With the standard. If the 
motor current exceeds the maximum standard value, the 
method then indicates the failure and outputs a signal 
indicative of the failure. If the motor current is less than the 
standard minimum value, the method then indicates the 
failure and outputs a signal indicative of the failure. The 
output and the signal may be speci?c (“throttle current over 
maximum” or “throttle current beloW minimum”), or may be 
general (“throttle current out of limits”). A similar test may 
be run to test for current limits upon opening the throttle. If 
the current limit test is combined With other tests, the 
indicated failure or the output signal may be even more 
speci?c, e.g. “motor resistance too loW.” A similar test may 
be run to test for current limits upon opening the throttle. 

[0036] Current Sense Offset 

Ice Formation 

[0037] The electronic throttle module senses throttle plate 
motor current by generating a current of about l?too the actual 
motor current (a current mirror) and passing this small 
current through a resistor, generating a voltage indicative of 
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motor current. This current sense is done by an H-driver in 
the module. The voltage is “read” by a microprocessor in the 
electronic throttle module. If the throttle motor is not ener 
giZed, the actual motor current is therefore Zero, and a failure 
of this current sense is indicated by having an “offset” 
current. To test for an offset current, Zero voltage is applied 
to motor terminals. A short period of time is Waited, about 
50 ms. Motor current is then measured, and if it eXceeds a 
predetermined value, such as 0.05 amps, an offset current 
may exist. The module may then indicate a fault, and a signal 
indicative of a fault may be output. 

[0038] Throttle Plate Positional Noise 

[0039] The position of the throttle plate may oscillate or 
vary due to one or more adverse factors. These variations 
may have high frequency or loW frequency. To check for 
positional noise, a test may be run off-line using the throttle 
plate position sensor 19 or other instrument, such as an 
encoder, to see if throttle plate Wiggle eXceeds a predeter 
mined standard, such as a computed standard deviation. In 
one embodiment, a standard deviation threshold is about 
0.0500 (about 3 minutes of a degree). If the Wiggle is higher 
than the standard, a fault condition may eXist. For instance, 
a loW frequency oscillation may indicate friction. An alarm 
or fault signal may then be output. 

[0040] Stop Compliance 

[0041] Stop compliance is a test that is performed to 
determine the “stiffness” of the throttle position once a 
full-open position is reached. FIG. 5 depicts a time-voltage 
graph of a stop compliance test. Aramped voltage is applied 
from about 0 to 5 volts to energiZe the throttle motor and 
drive it to a full open position. At that point a sharply ramped 
voltage from 5 to 12 volts and then back to 5 is brie?y 
applied, and then the voltage is then ramped back to Zero. 
During this time, the position sensor 19 notes the position of 
the throttle plate, Which, in this eXample, should be at a 
full-open stop at about 5 volts. Stop compliance is the ratio 
of the incremental voltage that is then applied (7 additional 
volts) divided by the change in position of the throttle plate, 
say about 01°. In this eXample, stop compliance Would be 
70 V/degree, a desirably high value. As shoWn in FIG. 5, the 
test may be repeated in the opposite direction, running to full 
closed stops, and applying the voltage. A stop compliance 
less than a set standard may suggest a problem in holding 
position, and an alarm or fault indicator may then be output. 
Volts are measured With the electronics and functions of the 
microcontroller 13. 

[0042] Hysteresis 
[0043] Hysteresis in a graph of motor voltage against 
throttle position is another Way to measure friction or 
stickiness in throttle movement. FIG. 6 depicts a hysteresis 
test in Which a voltage of about +5 volts is applied in a 
positive direction, trace 61, to open the throttle and then 
ramped backWard, trace 62. The curves do not overlap, 
indicating that there is a different throttle position, measured 
by the throttle plate position sensor 19, depending on 
Whether the voltage is rising or falling. Hysteresis is mea 
sured in volts and is indicated in the right hand portion of the 
graph by hysteresis distance 65, suggesting some measure of 
friction. Hysteresis testing may also be performed in the 
opposite direction, applying negative volts to close the 
throttle. Negative voltage is applied per trace 63 and then 
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reversed per trace 64. The hysteresis in this portion of the 
graph is much smaller, hysteresis distance 66, suggesting 
that there is little friction in this portion of throttle body 
travel. As With other tests, a hysteresis test result in excess 
of a set standard may indicate a fault, and an alarm or 
indication of a fault may be output. 

[0044] Open Loop Test 

[0045] An open loop test may be run to chart throttle 
position against applied motor voltage. The test may be run 
in any of several manners, so long as the test includes 
applying Zero voltage, ramping to full open position, ramp 
ing to Zero voltage, ramping to full closed position, and then 
back to Zero voltage. The entire test is desirably run off-line, 
and should take about 10 seconds. A longer or shorter time 
period may be used. Running the test as shoWn reduces the 
in?uence at the back emf. While the voltage is being 
ramped, the throttle position sensor 19 records throttle 
position. If this test is being run during production, a 
high-accuracy encoder may also be used to record throttle 
position. Throttle performance may be compared or 
“graphed” by plotting applied motor voltage and throttle 
position sensor (TPS) outputs against throttle position. Spe 
ci?c data points that may be checked and compared to 
desired or predetermined values include stop compliance, 
volts to open, volts to close, voltage difference from default 
to close, voltage difference from default to open, hysteresis 
above default, hysteresis beloW default. 

[0046] One method of determining localiZed frictions in 
the mechanism is to use an algorithm Which Will be 
described here. A throttle plate is moved from a default 
position (Zero volts) to a closed position, then to an open 
position, then to the default position (Zero volts), and then to 
a closed position, and then to a default (Zero volts) position. 
A “best ?t” line is calculated for the movement in the 
opening direction and also in the closing direction, and Will 
desirably be calculated from about 10 to about 85 degrees. 
These “best ?t” lines then form a body of data points knoWn 
as “corrected voltage,” for opening and closing directions. 
The voltage data recorded is knoWn as “terminal voltage,” 
again in both opening and closing directions. According to 
the method, and beginning at 14 degrees for the opening 
data, a quantity of corrected opening voltage minus the 
associated terminal opening voltage is computed for 9 
integral angles, for angles 10, 11, 12, 13, 14, 15, 16, 17 and 
18 degrees, that is, for 14 degrees :1, 2, 3 and 4 degrees. 
Each of the nine quantities must be positive or Zero; if any 
particular quantity is less than Zero, a Zero is used instead. 
All nine quantities are summed and then saved. This process 
is then repeated for each angle from 15 to 81 degrees. The 
resulting array of sums is termed Each term in the 
array may be indicative of relative local friction in the 
opening mode. 

[0047] For the closing data, the best ?t line is also calcu 
lated and is termed the “corrected closing voltage,” While the 
data points as recorded are termed the “terminal closing 
voltage.” According to the method, and beginning at 14 
degrees for the closing data, a quantity of corrected closing 
voltage minus terminal closing voltage is computed for 9 
integral angles, for angles 10, 11, 12, 13, 14, 15, 16, 17 and 
18 degrees, that is, for 14 degrees :1, 2, 3 and 4 degrees. 
Each of the nine quantities must be positive or Zero; if any 
particular quantity is less than Zero, a Zero is used instead. 
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All nine quantities are summed and then saved. This process 
is then repeated for each angle from 15 to 81 degrees, for the 

closing data. The resulting array of sums is termed Each term in the array may be indicative of relative local 

friction in the closing mode. 

[0048] The method then multiplies arrays A(X) and B(X) 
for every angle from 14 to 81 degrees, forming a third array, 

Each term in this array may be indicative of relative 
local friction in both opening and closing modes. The array 
is then compared to a predetermined value to determine 
Whether the throttle plate is positioning correctly. In calcu 
lating the third array, a term for any given angle in C(X) Will 
only have a positive value if both of the ?rst tWo arrays have 
a positive value. This Would suggest that there is sticking at 
the same angle. FIG. 7 graphs a typical result, in Which the 
sums of the arrays are graphed, With the sums termed 
“relative local friction,” and are graphed against the angles 
for Which they Were calculated. FIG. 7 suggests there may 
be sticking at about 55 degrees. The graph also shoWs that 
the values of the product of the tWo arrays, C(X), tends to be 
less than the values of either of arrays A(X) or This 
algorithm thus tends to minimiZe “false alarms.” Only When 
the product value is greater than a predetermined value is a 
fault condition noted, and an indicator of a fault may then be 
output. In this example, if the predetermined maXimum is 
greater than 1.0, a sticking condition may be indicated and 
a fault alarm output. 

[0049] Stop Position Repeatability 

[0050] Three separate tests may be run, for close stop 
position, default position and open stop position. To perform 
a close stop test, the method used is to apply full closing 
voltage, Wait for at least 150 ms for the throttle plate to reach 
close stop, and then measure the output of the throttle 
position sensor 19, and verify that each sensor is Within a 
predetermined acceptable range. To run a test for default 
position, Zero voltage is applied, and a Waiting period is 
again alloWed. Then the throttle position sensor output is 
measured. If the sensor output is Within a predetermined 
acceptable range, then the sensor is functioning properly. 
For an open stop test, full opening voltage is applied, and a 
Wait period is observed, for about 150 ms to 200 ms or more. 
The throttle position sensor output is measured and com 
pared to a predetermined acceptable range. In all three tests, 
a result that is outside the acceptable ranges may indicate a 
fault, and an alarm or a fault result may be output. This test 
may also be used to chart sensor performance and to verify 
correct throttle plate sensor performance. 

[0051] Spring Force 

[0052] The spring that returns the throttle to its default 
position from a more open position or a more closed position 
may also be checked for spring force. The spring force may 
vary due to manufacturing variations or from eXtended 
service of the spring. A test for spring force may be run by 
moving the throttle plate to a given position and noting the 
motor effort required to hold it there. A method Would 
include a step of positioning the throttle plate to at least one 
knoWn position using the throttle plate position sensor 19, 
and measuring the force required to hold it there. The force 
is measured by at least one of motor current or motor 
voltage, using electronics from the microcontroller 13. If the 
current or voltage or force is out of a predetermined range, 
a fault may be indicated. For eXample, a broken spring 
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Would require almost Zero effort to hold any given throttle 
plate position. An alarm or fault message may then be 
output. 

[0053] High Throttle Pressure 

[0054] If the throttle is not controlling air ?oW, it may be 
positioned for diagnostic purposes. When the pressure 
upstream of the throttle (near atmospheric) is very close to 
the pressure doWnstream of the throttle (intake manifold 
pressure), the throttle and the throttle plate has no signi?cant 
in?uence on air flow rate. In these circumstances, there is 
little pressure drop across the throttle, and it Would be more 
accurate to speak of a loW pressure drop across the throttle 
than to speak of a “high intake manifold pressure.” A loW 
pressure drop may eXist under many conditions, including 
very high speeds and very loW speeds. 

[0055] When the engine speed is near Zero, the pressure 
drop across the throttle is very loW, close to Zero, and the 
motoriZed throttle may be used for diagnostic purposes. For 
instance, during an acceleration from a stop, the engine 
speed can be relatively loW and the throttle angle may be 
such that the manifold pressure is very close to atmospheric, 
With a very loW pressure drop across the throttle. When the 
engine and throttle are running Wide open, the pressure drop 
across the throttle may also be close to Zero, and the throttle 
may be available for diagnostics. FIG. 8 depicts throttle 
performance, graphing throttle angle (throttle plate position) 
against mass flow of air. Performance is graphed for a 
number of engine speeds from 1000 rpm to 6000 rpm. In one 
embodiment, the region to the right of the diagonal line is a 
performance region of loW pressure drop or high intake 
manifold pressure, in Which the throttle may be available for 
at least some diagnostic tests that do not interfere With 
throttle performance. In other Words, the diagnostic system 
may run tests Which do not interfere With air?oW or pressure 
drop, but Which may alter throttle plate position in a manner 
that does not interfere With throttle or engine performance. 

[0056] Motor Resistance Check 

[0057] Another embodiment of the method is to check for 
a full or partial short in the throttle motor, Which can degrade 
throttle positioning performance. Motor resistance may be 
tested off-line to see if it is Within a desired range, and 
temperature compensation may be applied to insure the 
validity of the test. Electronic circuits Within the microcon 
troller 13 may perform the test. One embodiment of the 
method is to apply a given, measured voltage to the motor 
coil. The voltage is preferably in the millivolt range, so that 
the throttle Will not move and the coil Will not heat up. The 
method includes measuring the current resulting from the 
application of the voltage, and then calculating the resis 
tance of the combined motor, Wire leads, and drive elec 
tronics. The method then compares the calculated resistance 
to a desired minimum and maXimum value for the resis 
tance. If the measured value is greater than the maXimum 
value or less than the minimum value, the method then 
indicates a fault and outputs a signal indicative of the fault. 
Temperature compensation algorithms may be used to adjust 
the minimum or maXimum value, if the throttle or throttle 
motor has a temperature sensor and can indicate a tempera 
ture to the throttle electronics. Another embodiment drives 
the throttle plate against a stop so that the voltage applied is 
near full-voltage, thus using a larger voltage and possibly 
gaining a more accurate measure. 
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[0058] H-Bridge Enable 

[0059] The H-bridge enable test is run to determine 
Whether the throttle plate moves When the electronics have 
been electronically disabled or disconnected. A complemen 
tary test is then run to enable or reconnect the electronics, 
and see Whether the throttle plate does move. In one step of 
the test, the throttle motor drive is disconnected. A second 
step commands the H-driver 14 to apply full opening or 
closing voltage. Of course, since the motor drive Was 
electronically disconnected, no movement should be pos 
sible. The throttle position voltage is then compared to a 
predetermined default position by checking the position 
sensor 19. If there is a signi?cant difference, a failure is 
indicated and a fault message or alert may be output. 

[0060] FIG. 9 depicts a method for diagnosing an elec 
tronic throttle While the throttle is off-line. The ?rst step 91 
of the method is to provide a poWertrain control module for 
a motor vehicle. The second step 92 is to connect an 
electronic throttle to the poWertrain module. The neXt step 
93 is to Wait until the electronic throttle is off-line before 
attempting diagnostics. When the electronic throttle is off 
line, the method then comprises testing 94 the electronic 
throttle for at least one performance parameter. The method 
then compares 95 the result of the test to at least one standard 
of performance, such as an eXpected time or force to 
complete a task. The method then outputs 96 the result of the 
at least one test. 

[0061] There are other periods of time for When diagnos 
tics are desirably run. These periods include test periods 
during the manufacturing process, also knoWn as end-of-line 
testing, testing by a service technician, and in general, 
testing performed at any time When the poWertrain control 
module or the electronic throttle control is poWered but is 
not in control of engine poWer, including on-board diagnos 
tics. These periods of time may be signaled by a technician 
having access and input to the poWertrain control module, 
such as entering a code that disables engine poWer during the 
testing or diagnostic routine. 

[0062] In other periods of time, a “smart” poWertrain 
control module can exercise off-line diagnostics When the 
engine or vehicle key is “off” by supplying poWer to the 
module for testing and diagnostics only. This may be accom 
plished by designing the poWertrain control module poWer 
supply so that poWer is supplied to the module for an 
eXtended period after “key-off.” This may be accomplished 
by a timer or by simply enabling poWer to the desired 
components at all times, even after “key-off.” Safety may be 
assured by enabling diagnosis for only one module at a time, 
or other design to insure that only diagnostics, and not 
operations, are performed during these periods. For instance, 
the starter function may not be enabled Without full “key 
on.” 

[0063] Various embodiments of the invention have been 
described and illustrated. HoWever, the description and 
illustrations are by Way of eXample only. Other embodi 
ments and implementations are possible Within the scope of 
this invention and Will be apparent to those of ordinary skill 
in the art. Therefore, the invention is not limited to the 
speci?c details, representative embodiments, and illustrated 
eXamples in this description. Accordingly, the invention is 
not to be restricted eXcept in light as necessitated by the 
accompanying claims and their equivalents. 
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What is claimed is: 
1. An engine diagnostic system, comprising: 

a poWertrain control module; 

an electronic throttle operably connected With the module; 

at least one sensor for indicating a parameter of the 
electronic throttle; and 

an output for indicating a result, Wherein the poWertrain 
control module performs at least one test of at least one 
parameter of the electronic throttle When the electronic 
throttle is off-line. 

2. The engine diagnostic system of claim 1, Wherein the 
throttle is off-line during at least one of a production period, 
a poWer-doWn period, a period of loW throttle pressure drop, 
and a period When the engine is off. 

3. The engine diagnostic system of claim 1, further 
comprising a memory containing a softWare program for 
conducting the at least one test, the memory operably 
connected to at least one of the poWertrain control module 
and a service technician’s poWertrain control module diag 
nostic tool. 

4. The engine diagnostic system of claim 1, Wherein the 
test is selected from the group consisting of an open loop 
position test, a throttle step response test, a stop position 
repeatability test, a stop compliance test, a positional noise 
test, a current sense test, an H-bridge enable test, a hysteresis 
test, a current limit test, a motor resistance check, a sWeep 
test, a range of motion test, a spring/motor force test, a test 
for positional noise, a test for high friction, a test for ice 
formation, a throttle-stuck test, and a timing test. 

5. The engine diagnostic system of claim 4, Wherein the 
timing test is selected from the group consisting of a delay 
time, a rise time, a settling time, and a throttle return timing 
test. 

6. The engine diagnostic system of claim 1, Wherein the 
at least one test is an open loop position test in Which a 
terminal voltage and a corrected voltage are calculated for a 
plurality of points, and a result of the test is determined by 
multiplying a ?rst array of closing results of the throttle With 
a second array of opening results of the throttle, and com 
paring said results to a standard. 

7. A method of diagnosing off-line an electronic throttle 
connected to a poWertrain control module of an internal 
combustion engine, the method comprising: 

Waiting for a period of time When the electronic throttle is 
off-line; 

testing the electronic throttle for at least one parameter of 
performance of the electronic throttle; and 

outputting at least one result of the test. 
8. The method of claim 7, further comprising reading an 

indicator of performance from a sensor operably connected 
to the electronic throttle. 

9. The method of claim 7, further comprising comparing 
an indicator of performance from a sensor operably con 
nected to the electronic throttle to a standard of performance. 

10. An electronic throttle diagnostic system, comprising: 

an electronic throttle for an internal combustion engine; 

a poWertrain control module operably connected With the 
electronic throttle, the poWertrain control module fur 
ther comprising a memory With a softWare program for 
conducting diagnostic tests on the electronic throttle; 
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at least one sensor for indicating a parameter of the 
electronic throttle, Wherein the poWertrain control mod 
ule performs at least one test of at least one parameter 
of the electronic throttle When the throttle is off-line; 
and 

an output for outputting at least one result of the test. 
11. The electronic throttle diagnostic system of claim 10, 

Wherein the throttle is off-line during at least one of a 
production period, a poWer-doWn period, a period of loW 
throttle pressure drop, and a period When the engine is off. 

12. The electronic throttle diagnostic system of claim 10, 
further comprising a memory containing a softWare program 
for conducting the at least one test, the memory operably 
connected to at least one of the poWertrain control module 
and a service technician’s poWertrain control module diag 
nostic tool. 

13. The electronic throttle diagnostic system of claim 10, 
Wherein the test is selected from the group consisting of an 
open loop position test, a throttle step response test, a stop 
position repeatability test, a stop compliance test, a posi 
tional noise test, a current sense test, an H-bridge enable test, 
a hysteresis test, a current limit test, a motor resistance 
check, a sWeep test, a range of motion test, a spring/motor 
force test, a test for positional noise, a test for high friction, 
a test for ice formation, a throttle-stuck test, and a throttle 
return timing test. 

14. A vehicle diagnostic system comprising: 

an electronic throttle; 

a poWertrain control module operably connected With the 
electronic throttle; 
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at least one sensor for indicating a parameter of the 

electronic module, Wherein the poWertrain control 
module performs at least one test of at least one 

parameter of the electronic throttle When the electronic 
throttle is off line and outputs a result of the at least one 
test. 

15. The diagnostic system of claim 14, Wherein the 
electronic throttle is off-line during at least one of a pro 
duction period, a poWer-doWn period, and a period When the 
engine is off. 

16. The diagnostic system of claim 14, further comprising 
a memory containing a softWare program for conducting the 
at least one test, the memory operably connected to at least 
one of the poWertrain control module and a service techni 
cian’s poWertrain control module diagnostic tool. 

17. The diagnostic system of claim 14, Wherein the test is 
selected from the group consisting of an open loop position 
test, a throttle step response test, a stop position repeatability 
test, a stop compliance test, a positional noise test, a current 
sense test, an H-bridge enable test, a hysteresis test, a current 
limit test, a motor resistance check, a sWeep test, a range of 
motion test, a spring/motor force test, a test for positional 
noise, a test for high friction, a test for ice formation, a 
throttle-stuck test, and a throttle return timing test. 

18. The diagnostic system of claim 17, Wherein the timing 
test is selected from the group consisting of a delay time, a 
rise time, a settling time, a travel time, and an approach time. 


