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DIAGNOSTIC SYSTEM FOR AUTOMATIC TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a diagnostic system for an automatic
transmission, which diagnoses an automatic transmission installed in a drive train

of a vehicle to determine the presence of faults therein.

2. Description of the Related Art

[0002] As well known in the art, an automatic transmission installed in a
drive train of the vehicle includes a plurality of friction devices, such as clutches
and brakes, to which hydraulic preésure is selectively applied so as to engage the
friction devices. With the selected friction device(s) thus engaged, a power
transmission path, or a gear position of the transmission, is determined depending
upon the operating conditions of the vehicle. More specifically, a hydraulic
pressure source is provided which is driven through rotation of an output shaft of
an internal combustion engine so as to supply hydraulic oil to each of the friction
devices, and a plurality of solenoid valves are placed in conjunction with the
respective friction devices. A control system, which performs various controls of
the automatic transmission in integrated manners, controls the degrees of opening
of the solenoid valves by controlling the amounts of current passed through the
solenoid valves. In the automatic transmission of this type, a target gear position
is set based on the operating conditions of the vehicle, and a selected one or ones of
the friction devices is/are engaged while a selected one or ones of the friction
devices is/are released so as to shift the transmission to the thus set target gear
position. To engage each of the selected friction devices, the control system causes
a required amount of current to be fed to the solenoid valve associated with the
friction device to be engaged, so as to increase the opening of the solenoid valve and

thus increase the hydraulic pressure applied to the friction device. To release
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each of the selected friction devices, the control system operates to de-energize the
solenoid valve associated with the friction device to be released, so as to close the
solenoid valve and reduce the hydraulic pressure applied to the friction device.

[0003] In the automatic transmission as described above, if a fault, such as
disconnection or a short-circuit, occurs to a solenoid of any of the solenoid valves,
the transmission may suffer a problem that, for example, a friction device to be
engaged for shifting is not able to be engaged, or a problem that a friction device to
be released for shifting is not able to be released. In this case, the automatic

transmission may not be able to be shifted to the target gear position, or the

“automatic transmission may lock in itself, which naturally results in deterioration

of the shifting performance of the automatic transmission.

[0004] Under the circumstances as described above, it has been proposed
to provide hydraulic switches that operate in response to the hydraulic pressures of
the respective friction devices that constitute the automatic transmission, and
determine the presence of a fault of any of the solenoid valves by monitoring the
outputs of the hydraulic switches. Such diagnostic systems are disclosed in, for
example, JP-A-2001-116134 and JP-A-2006-77892. In these systems, the
hydraulic switch provided for each of the friction devices generates an “ON” signal
when the hydraulic pressure applied to the corresponding friction device is
increased and the friction device is engaged, and generates an “OFF” signal when
the hydraulic pressure applied to the corresponding friction device is reduced and
the friction device is released. If, upon shifting of the automatic transmission to a
target gear position during operation of the vehicle, the “OFF” signal is generated
from the hydraulic switch associated with the friction device that is supposed to be
engaged for shifting, for example, it is determined that the solenoid valve that
controls the hydraulic pressure of the friction device in question is at fault. Thus,
even in the event that a fault, such as disconnection or a short-circuit, occurs to a
solenoid of any of the solenoid valves, the diagnostic system as described above

makes it possible to perform a fail-safe process suitable for the fault condition, and
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thus prevent locking, or other malfunctions, of the automatic transmission in
advance.

[0005] As discussed above, it is certainly possible to make fault diagnoses
of the solenoid valves by monitoring the outputs of the hydraulic switches which
correspond with the respective friction devices of the automatic transmission and
operate in response to the hydraulic pressures of the friction devices. It 1is,
however, to be noted that the hydraulic switches are adapted to generate the “ON”
or “OFF” signals depending upon the operating (engaged/released) states of the
corresponding friction devices, or changes in the states of the devices. Therefore,
the frequency of diagnosing the solenoid valves inevitably varies from one solenoid
valve to another, depending upon the‘ manner of operating the automatic
transmission itself, even though fault diagnoses niay be performed on the solenoid
valves in the above manner. Thus, if the tfansmission is less likely to be shifted to
a certain gear position due to, for example, the driving practice of the driver, the
frequency of diagnoses is naturally reduced with respect to each solenoid valve for
regulating the hydraulic pressure applied to each ffiction device that is to be
engaged for establishing the gear position. Thus, the diagnostic system still
suffers a problem in terms of the flexibility or freedom with which fault diagnoses

are performed.

SUMMARY OF THE INVENTION

[0006] The invention was developed in view of the situations as described
above, and one aspect of the invention is to provide a diagnostic system for an
automatic transmission which is able to appropriately determine the presence of
any fault of solenoid valves that control the hydraulic pressures applied to friction
devices of the automatic transmission, with increased flexibility and freedom,
irrespective of the frequency or tendency of operating each of the friction devices of
the transmission. |

[0007] According to one aspect of the invention, there is provided a
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diagnostic system for an automatic transmission including a plurality of friction
devices each of which is switched between an engaged state and a released state in
response to a hydraulic pressure of a hydraulic oil supplied from a hydraulic
pressure source, and a plurality of solenoid valves capable of regulating the
hydraulic pressures of the hydraulic oil supplied to the respective friction devices,
the automatic transmission establishing a selected one of gear positions between
an input shaft connected to a prime mover and an output shaft connected to
driving wheels of a vehicle, by selectively setting the engaged or released state of
each of the friction devices through control of energization of a corresponding one of
the solenoid valves in accordance with the selected gear position. In the
diagnostic system adapted to diagnose the solenoid valves of the automatic
transmiséion so as to determine the presence of faults of the solenoid valves, a
solenoid that constitutes each of the solenoid valves is energized under a condition
that torque that can drive the driving wheels of the vehicle is not transmitted to
the output shaft of the automatic transmission, while a current that passes
through the solenoid is monitored, and it is determined that the solenoid valve is at
fault when the current monitored does not match a current applied to the solenoid
for the energization thereof.

[0008] Under the condition as mentioned above, all of the solenoid valves
are basically freed from their functions (i.e., actuation of the corresponding friction
devices) required of the automatic transmission. Therefore, even if the solenoids
of the solenoid valves are forcedly energized for diagnostic purposes, the
energization has absolutely no influence on the behavior of the vehicle. Thus,
under the above-mentioned condition, fault diagnostics can be performed on any
desired solenoid valve or valves, and the presence of faults of the solenoid valves
can be appropriately determined with high degrees of flexibility and freedom. If
all of the solenoid valves. (solenoids) to be diagnosed are normal, the current
monitored with respect to each of the solenoids behaves in accordance with the

manner of energizing the solenoid. If any of the solenoids suffers a fault, such as
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a break or disconnection, for example, no current from the solenoid is detected even
though the solenoid is energized. Also, if any of the solenoids suffers a fault, such
as a short-circuit, a current from the solenoid is detected even though the solenoid
is not energized. Thus, the diagnosis of each of the solenoids can be easily
accomplished by monitoring the current passing through the solenoid for detection
of any abnormality. In view of the fact that the above-described diagnostics can be
performed without affecting the behavior of the vehicle at all, each of the solenoids
may be energized using a certain test pattern, such as a péttern of regularly spaced
pulses, which makes it easy to monitor current passing through the solenoid. In
this case, further detailed diagnostics can be performed, which includes a diagnosis
as to ho§v the current monitored follows the test pattern according to which each
solenoid is energized.

[0009] In the diagnostic system for the automatic transmission as
described above, it is preferable that the condition that torque that can drive the
driving wheels of the vehicle is not transmitted to the output shaft of the automatic
transmission is a condition that the hydraulic pressure of the hydraulic oil
supplied from the hydraulic pressure source has such a low level that the hydraulic
oil cannot actuate the friction devices irrespective of whether the solenoids are
energized. |

[0010] Various conditions may be considered as the condition that torque
that can drive the driving wheels of the vehicle is not transmitted to the output
shaft of the automatic transmission. If the condition that the hydraulic pressure
of the hydraulic oil supplied from the hydraulic pressure source has such a low
level that the hydraulic oil cannot actuate the friction devices irrespective of
whether the solenoids are energized is employed as the above-mentioned condition,
it is possible to easily create a condition or situation that “forced energization of the
solenoid of each of the solenoid valves has absolutely no influence on the behavior
of the vehicle”.

[0011] In the diagnostic system for the automatic transmission as
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described above, it is preferable that the hydraulic pressure source supplies the
hydraulic oil to each of the friction devices based on the operation of the prime
mover, and that the condition that the hydraulic pressure of the hydraulic oil
supplied from the hydraulic pressure source has such a low level that the hydraulic
oil cannot actuate the friction devices is satisfied when the operation of the prime
mover is stopped.

[0012] Generally, the hydraulic pressure source often includes én oil pump
that is driven through the operation of the prime mover. In this case, therefore,
the above-mentioned condition is easily realized or satisfied when the operation of
the prime mover is stopped.

[0013] In the diagnostic system for the automatic transmission as
described above, it is preferable that the condition that torque that can drive the
driving wheels of the vehicle is not transmitted to the output shaft of the automatic
transmission is satisfied when an operation to stop the prime mover is performed.

[0014] The condition that torque that can drive the driving wheels of the
vehicle is not transmitted to the output shaft of the automatic transmission is
advantageously satisfied based on the operation to stop the prime mover, namely,
the operation to turn the ignition key off. Since a control system of the prime
mover is able to cause a main relay connected to a vehicle-mounted battery to be
switched off under control thereof, the main relay can be switched off only after
various postprocessing, including the above-described diagnostics, is executed
subsequently to turn-off of the ignition key. With the above arrangement, the
solenoid valves are diagnosed each time the ignition key is operated to the “OFF”
position, thus assuring an inéreased frequency with which each solenoid valve is
diagnosed.

[0015] In the diagnostic system for the automatic transmission as
described above, it is preferable that input torque froﬁ the prime mover is
transmitted to a gear train of the automatic transmission via at least one

particular friction device, and the condition that torque that can drive the driving
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wheels of the vehicle is not transmitted to the output shaft of the automatic
transmission is satisfied when torque transmitted through the above-indicated at
least one particular friction device is controlled to be eqﬁal to or smaller than a
predetermined value.

[0016] Generally, the input shaft of the automatic transmission is
connected to the output shaft of the prime mover via a particular friction device or
devices in the form of, for example, clutches. Therefore, the condition that torque
that can drive the driving wheels of the vehicle is not transmitted to the output .
shaft of the automatic transmission is satisfied if torque transmitted through the
particular friction device(s), i.e., clutch(es), is controlled to be equal to or smaller
than the predetermined value, more specifically, to be equal to or smaller than
torque with which the output shaft of the automatic transmission cannot drive the
driving wheels of the vehicle. By setting this particular condition as the
above-mentioned condition, the diagnostic system is able to carry out the
diagnostic process as described above even while the vehicle is ready to run,
namely, while the shift lever of the automatic transmission is placed in the P
(parking) range or N (neutral) range.

[0017] In the diagnostic system for the automatic transmission as
described above, it is preferable that the prime mover comprises an internal
combustion engine, and an engine system that controls the operation of the engine
has an economy running function of automatically stopping the operation of the
engine when predetermined operating conditions of vehicle operating elements are
established. It is also preferable that the condition that torque that can drive the
driving wheels of the vehicle is not transmitted to the output shaft of the automatic
transmission is satisfied when the operation of the internal combustion engine is
automatically stopped due to the economy running function.

[0018] In recent years, the engine system having the above-described
economy running function is employed in many vehicles. Where the engine

system is used for controlling the operation of the internal combustion engine, the
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period of time during which the engine is automatically stopped due to the
economy running function is advantageously utilized to satisfy the condition that
torque that can drive the driving wheels of the vehicle is not transmitted to the
output shaft of the automatic transmission. In this case, each of the solenoid
valves is diagnosed with a further increased frequency.

[0019] In the diagnostic system for the automatic transmission as
described above, it is preferable that the solenoid valves to be diagnosed as to the
presence of faults include a solenoid valve capable of regulating a hydraulic
pressure of a hydraulic oil supplied to a friction device for use in limp-home
running of the vehicle.

[0020] In general, the solenoid valve capable of regulatin»g the hydraulic
pressure of the hydraulic oil supplied to the friction device used for limp-home
running of the vehicle, namely, the solenoid valve for use in limp-home running, is
normally diagnosed with a relatively low frequency. However, if the solenoid
valve for use in limp-home running goes out of order, the vehicle is not even able to
run in the limp-home mode in the event of failure. Thus, the solenoid valve for
use in limp-home running is especially required to be diagnosed at regular
intervals. In the diagnostic system as described just above, the solenoid valve for
use in limp-home running is included in the solenoid valves to be diagnosed
according to the invention, and, therefore, the automatic transmission provided
with the limp-home running function operates with a high degree of reliability
even when the vehicle runs in the limp-home mode. Furthermore, since the
above-described diagnostic system can easily select the solenoid valve(s) to be
diagnosed, the solenoid valve for use in limp-home running, as well as the other

solenoid valves, can be diagnosed with a high degree of freedom.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The features, advantages, and technical and industrial significance

of this invention will be better understood by reading the following detailed
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description of preferred embodiments of the invention, when considered in
connection with the accompanying drawings, in which:

FIG. 1 is a skeleton diagram and a block diagram schematically showing
the construction of an automatic transmission to be diagnosed by a diagnostic
system according to one embodiment of the invention;

FIG. 2 is a view showing the relationship between the combinations of
engaged/released states of respective friction devices that constitute the automatic
transmission, and gear positions or speeds established through engagement or
release of thevfriction devices;

FIG. 3 is a block diagram showing the arrangements of an electronic
control unit and a hydraulic oil supply circuit of the automatic transmission, which
mainly constitute the diagnostic system of the embodiment of FIG. 1;

FIG. 4 is a flowchart illustrating a control routine of a fault diagnostic
process according to which the diagnostic system of the embodiment of FIG. 1
performs a fault diagnosis of each solenoid valve;

FIG. 5 is a flowchart illustrating a control routine of a fault diagnostic
process according to a first modified example of the embodiment of FIG. 1;

FIG. 6 is a ﬂowchart- illustrating a control routine of a fault diagnostic
process according to a second modified example of the embodiment of FIG. 1; and

FIG. 7 is a flowchart illustrating a control routine of a fault diagnostic

process according to a third modified example of the embodiment of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0022] In the following description and the accompanying drawings, the
present invention will be described in more detail with reference to exemplary
embodiments.
[0023] Referring to FIG. 1 through FIG. 4, a diagnostic system for an
automatic transmission according to one embodiment of the invention will be

described in detail. In this embodiment, the invention is applied to a diagnostic
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system for a forward six-speed automatic transmission installed on a vehicle. As
shown in FIG. 1, the automatic transmission 100 consists principally of an input
conversion unit 110 connected to a crankshaft 10 of an internal combustion engine
as one example of prime mover installed on the vehicle, and a gear train unit 120
connected to driving wheels of the vehicle via a propeller shaft. The input
conversion unit 110 includes a torque converter 20. As well known in the art, the
torque converter 20 includes a pump impeller 21 coupled to the crankshaft 10, and
a turbine runner 22 coupled to an input shaft 101 of the automatic transmission
100, and is operable to transmit driving force of the crankshaft 10 to the input
shaft 101, utilizing flow of a fluid (oil) between the pump impeller 21 and the
turbine runner 22.

[0024] On the other hand, the gear train unit 120 consists principally of a
front planetary gear set 30, a middle planetary gear set 40 and a rear planetary
gear set 50 as planetary gear devices. The front planetary gear set 30 consists of a
sun gear 31, a ring gear 34, carriers 35, 36, and planetary gears 32, 33 rotatably
supported by the carriers 35, 36. The planetary gears 32, 33, which mesh with
each other, are disposed between the sun gear 31 and the ring gear 34, such that
the planetary gear 32 is engaged with the sun gear 31, and the planetary gear (i.e.,
pinion) 33 is engaged with the ring gear 34. Also, a clutch C3 is provided between
the sun gear 31 and the input shaft 101, and a brake B3 and a one-way clutch F2
are provided between the sun gear 31 and a housing HG of the automatic
transmission 100. Furthermore, a brake B1 and a one-way clutch F1 are provided
between the carriers 35, 36 and the housing HG.

[0025] The middle planetary gear set 40 consists of a sun gear 41, a ring
gear 43, a carrier 44, and a planetary gear 42 that is rotatably supported by the
carrier 44 and is engaged with the sun gear 41 and the ring gear 43. Clutches C1,
C4 and a one-way clutch F4 are provided between the sun gear 41 and the input
shaft 101, and a clutch C2 is provided between the carrier 44 and the input shaft
101. Also, a brake B2 is provided between the ring gear 43 and the housing HG.
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The ring gear 43 of the middle planetary gear set 40 is coupled integrally to the
ring gear 34 of the front planetary gear set 30.

[0026] The rear planetary gear set 50 consists of a sun gear 51, a ring gear
53, a carrier 54, and a planetary gear 52 that is rotatably supported by the carrier
54 and is engaged with the sun gear 51 and the ring gear 53. A one-way clutch F3
is provided between the ring gear 53 of the rear planetary gear set 50 and the
carrier 44 of the middle planetary gear set 40, and a brake B4 is provided between
the ring gear 53 and the housing HG. The sun gear 51 of the rear planetary gear
set 50 is coupled integrally to the sun gear 41 of the middle planetary gear set 40,
and the carrier 54 that supports the planetary gear 52 is coupled integrally to an
output shaft 102 of the automatic transmission 100.

[0027] As shown in FIG. 1, the automatic transmission 100 is provided
with an electronic control unit 60 that controls various operations of the automatic
transmission 100 in integrated manners, and a hydraulic oil supply circuit 50 that
supplies hydraulic oil to the clutches C1 — C4 and brakes B1 — B4 as friction
devices so as to actuate these friction devices, under control of the electronic
control unit 60. More specifically, the electronic control unit 60 selectively
establishes the engaged/released states of the respective friction devices by
changing oil feed paths of the hydraulic oil supply circuit 70 based on current
vehicle operating information or conditions detected as needed by sensors, such as
a throttle sensor and a vehicle speed sensor. With the selected friction devices
thus engaged or released, power transmission paths of the respective planetary
gear sets are changed so as to establish an appropriate gear position between the
input shaft 101 and the output shaft 102. In this connection, the automatic
transmission 100 to be diagnosed according to the present embodiment 1s adapted
to be shifted to a selected one of one reverse gear position and six forward gear
positions having different change gear ratios, by selectively engaging or releasing
the friction devices, i.e., the clutches C1 — C4 and the brakes B1 — B4, as indicated

in FIG. 2 showing the combination of the engaged/released states for each of the
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gear positions. In FIG. 2, “O” represents the engaged state of the friction device
(C1 - C4, Bl — B4) in question, and a blank sﬁace represents the released state,
while “(0)” represents the engaged state established when an engine brake is
applied, and “A” represents engagement that does not contribute to power
transmission.

[0028] Referring next to FIG. 3, the specific arrangements of the hydraulic
oil supply circuit 70 and electronic control unit 60 will be described. As shown in
FIG. 3, the hydraulic oil supply circuit 70 is provided with a hydraulic pressure
source 71 including an oil pump that is driven based on rotation of the crankshaft
10 of the engine, and the hydraulic oil fed from the hydraulic pressure source 71 is
supplied to the friction devices, i.e., the clutches C1 — C4 and brakes B1 — B4, via
respective supply passages. In the supply passages, normally closed type solenoid
valves SV1 — SV8 are respectively provided in conjunction with the clutches C1 —

C4 and brakes B1- B4 as the friction devices. When each of solenoids SN1 - SN8

 that constitute the solenoid valves SV1 — SV8 is energized, the corresponding

solenoid valve is opened, and the friction device corresponding with the opened
solenoid valve is engaged. When each of the solenoids SN1 to SN8 is de-energized,
on the other hand, the corresponding solenoid valve is closed, and the friction
device corresponding with the closed solenoid valve is released.

[0029] Also, a solenoid valve SVO for use in limp-home running of the
vehicle is further provided in conjunction with the clutch C1 as one of the friction
devices. The solenoid valve SVO0 is a normally open type solenoid valve, which is
closed when its solenoid SNO is energized and is opened when the solenoid SNO is
de-energized. During normal running of the vehicle, the solenoid SNO is kept
energized, and the solenoid valve SVO is held in the closed state. If it becomes
impossible to energize the solenoid valves including the solenoid valve SVO because
of, for example, a breakdown of the electronic control unit 60, only the solenoid
valve SVO is placed in the open state. As a result, only the clutch C1, as one of the

friction devices, is engaged so as to establish the forward 1st-speed gear position in
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the case of this embodiment, and the vehicle is allowed to run in a limp-home mode
as one type of fail-safe mode.

[0030] The electronic control unit 60 includes a microcomputer 61 that
generates drive commands DO based on which the energized conditions
(energization/de-energization) of the respective solenoids SNO — SN8 of the
solenoid valves SVO — SV8 are controlled. The electronic control unit 60 also
includes .drive transistors LLO — L8 provided in conjunction with the respective
solenoid valves SVO — SV8 for driving the solenoid valves SVO — SV8, respectively.
The electronic control unit 60 further includes a driver (drive IC) 62 that receives a
drive command DO from the microcomputer 61, and generates a drive signal in
response to the drive command DO so as to bring a corresponding one of the drive
transistors LO — L8 into the “ON” state. If the microcomputer 61 generates a
command to open the solenoid valve SV1, for example, as the drive command DO,
the command 1s transmitted to the drive transistor L1 via the driver 62 to bring

the drive transistor L1 into the “ON” state, and current passes through the

~ solenoid SN1 to open the solenoid valve SV1 only during a period in which the

drive transistor L1 is in the “ON” state. With the solenoid valve SV1 thus opened,
the clutch C1 as one of the friction devices 1s engaged, as is understood from the
above description.

[0031] In the present embodiment, the electronic control unit 60 also
functions as a diagnostic system for diagnosing the solenoid valves SVO - SV8. In
the electronic control unit 60, a current passing through each of the solenoid valves
SVO — SV8 is drawn into the driver 62, and is converted into a corresponding
voltage via a shunt resistor, or the like, in the driver 62. Then, a monito.r signal
created based on the voltage, which will be called “current monitor signal IM”, is
transmitted from the driver 62 to the microcomputer 61. The microcomputer 61
then determines whether the current monitor signal IM thus received matches the
drive command DO, namely, whether the current monitor signal IM indicates

passage of current responsive to the drive command DO. On the basis of this
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determination, the microcomputer 61 is able to make a diagnosis as to whether a
fault, such as disconnection or a short-circuit, occurs to any of the solenoids SNO —
SNS8 that constitute the solenoid valves SVO — SV8. In the present embodiment,
such diagnostics are carried out after the ignition switch IG is operated to the OFF
position.

[0032] As well known in the art, the electronic control unit 60 is able to
perform control operations when receiving current from a vehicle-mounted battery
BT via a main relay MR that is held in the ON state once the ignition switch IG is
operated to the “ON” position. Namely, in response to turn-on of the ignition
switch IG, the electronic control unit 60 closes (i.e., switches on) an internal contact
of the main relay MR, and receives the voltage VB of the vehicle-mounted battery
BT via the main relay MR. The electronic control unit 60 then creates drive
voltage for driving the microcomputer 61 and the driver 62, based on the voltage
VB, and also creates drive voltage VC for driving the solenoid valves SV0O — SV8.

[0033] When the ignition switch IG is operated to the OFF position, the
microcomputer 61 opens (i.e., switches off) the internal contact of the main relay
MR so as to stop supply of current from the vehicle-mounted battery BT to the
electronic control device 60, after finishing predetermined postprocessing including
the diagnostic process as described above.

[0034] FIG. 4 is a flowchart illustrating a control routine of the diagnostic
process performed by the diagnostic system in the form of the electronic control
device 60. In the fbllowing description, the operation of the diagnostic system will
be described in detail with reference to FIG. 4.

[0035] In the conventional diagnostic system as described above, when the
automatic transmission is shifted from one gear position to another, a change in
the hydraulic pressure supplied to each of the friction devices whose
engaged/released state is to be changed for shifting is monitored by means of, for
example, a hydraulic switch, so that the presence of a fault of the corresponding

solenoid valve is determined based on the pressure change. In this case, the
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frequency with which each 6f the solenoid valves is diagnosed inevitably varies
from one solenoid valve to another since 1t depends upon the manner of operating
the automatic transmission. Therefore, if the automatic transmission is less -
likely to be shifted to a particular gear position due to, for example, the driving
practices of the driver, each of the solenoid valves corresponding with the friction
devices whose engaged/released state is to be changed for shifting to the particular
gear position is diagnosed with a reduced frequency, thus leaving a problem in
terms of the flexibility and freedom in the operation of the diagnostic system.
This problem is particularly serious where the automatic transmission includes the
solenoid valve SVO for use in limp-home running. In the present embodiment,
therefore, the diagnostic system carries out fault diagnoses of the solenoid valves
SV0 — SV8 by freely energizing the respective solenoids SNO — SN8 after the
vehicle is stopped, namely, after turn-off of the ignition switch IG is detected.

[0036] In the diagnostic process as shown in FIG. 4, it is initially
determined in step S100 whether the vehicle is at rest, based on, for example, the
rotational speed of the output shaft 102 detected by a sensor for detecting the
rotational speed of the output shaft 102. If it is determined that the vehicle is at
rest (.e., if an affirmative decision (YES) is -made in step S100), it is then
determined in step S110 whether the ignition switch IG has been operated to the
OFF position. If step S110 determines that the ignition switch IG has been
operated to the OFF position, this determination triggers a substantial diagnostic
process that starts upon execution of step S120.

[0037] In step S120 of the diagnostic process, the microcomputer 61
successively brings the drive transistors LLO — L8 into the “ON” states, via the
driver 62, so as to successively energize the solenoids SNO — SN8 of the solenoid -
valves SV0O — SV8 by forcing current to pass through the solenoids, as described
above. For each of the solenoids SNO — SN8 thus forcedly energized, the
microcomputer 61 receives a corresponding current monitor signal IM, and

determines in step S130 whether the current monitor signal IM behaves in
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accordance with the drive command DO as a command for the forced energization,
namely, whether the current monitor signal IM indicates passage of current as
dictated by the drive command DO. If all of the solenoid valves are normal, the
current monitor signal IM corresponding to each of the solenoids energized through
the drive command DO indicates that current has passed through the solenoid over
an energization period specified by the drive command DO. If not all of the
solenoid valves are normal, various phenomena including (A) and (B) below may
result: (A) passage of current through a certain solenoid cannot be recognized from
the corresponding current monitor signal IM even though the solenoid was forced
to be energized in response to the drive command DO, and (B) passage of current
through a certain solenoid is recognized from the corresponding current monitor
signal IM even though the solenoid 1s not forced to be energized in response to the
drive command DO. In the case of (A), the solenoid in question may suffer a fault,
such as disconnection or a ground fault. In the case of (B), the solenoid in
question may suffer a fault, such as a short circuit; for example, the solenoid may
be shortjcircuited to a feed wire for supplying the drive voltage VC to the solenoid.
If it is determined in step S130 that the phenomenon of (A) or (B) appears, the
control goeé to step S140 to turn on an alarm lamp provided on, for example, an
operation panel in the vehicle compartment, and finish the diagnostic process. In
this case, information on the fault is normally written into a suitable nonvolatile
memory in the electronic control unit 60, and, upon the next start of the vehicle,
the vehicle is operated in the limp-home mode as described above, based on the
fault information.

[0038] The present embodiment as described above provides the following
effects or advantages. (1) The fault diagnosis of each solenoid valve is performed
under a condition that the ignition switch IG is operated to the OFF position.
When the ignition switch IG is turned off, the engine is stopped, and the hydraulic
pressure of the hydraulic oil supplied from the hydraulic pressure source 71 is

reduced to such a low level that the hydraulic oil cannot actuate each of the friction
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devices, irrespective of whether the solenoid of each solenoid valve 1s energized or
not. In other words, all of the solenoid valves SVO — SV are freed from its
functions (.e., actuation of the friction devices) required of the automatic
transmission 100. Therefore, even if the solenoids of the solenoid valves SVO —
SV8 are forced to be energized for diagnostic purposes, the energization has no
influence on the behavior of the vehicle, and the fault diagnosis can be performed
on any desired one or ones of the solenoid valves. Thus, the presence of a fault of
any solenoid valve can be appropriately determined with increased flexibility and
freedom.

[0039] (2) The diagnoses of the solenoid valves as described above are
carried out each time the ignition switch 1G is operated to the OFF position. Thus,
each of the solenoid valves is diagnosed with an increased frequency. (3) If all of
the solenoid valves (solenoids) to be diagnosed are normal, the current monitor
signal IM for each of the solenoid valves matches the drive command (DO) issued
to the solenoid valve. If any of the solenoids suffers a fault, such as disconnection,
for example, no current from the solenoid is detected even though the solenoid is
energized. If any of the solenoids suffers a fault, such as a short-circuit, current
from the solenoid is detected even though the solenoid is not energized. Thus, the
diagnosis of each of the solenoid valves (or solenoids) can be easily accomplished
through detection of the current passing through the solenoid.

[0040] (4) Since the diagnosis as described above is also performed with
respect to the solenoid valve SVO for use in limp-home running, the automatic
transmission 100 adaptable to the limp-home mode of .operation operates with a
high degree of reliability even when the vehicle runs in the limp-home mode.
Furthermore, since the above-described diagnostic system can easily select the
solenoid valve(s) to be diagnosed, the solenoid valve SVO for use in limp-home
running, as well as the solenoid valves for actuating the friction devices, can be
diagnosed with a high degree of freedom.

[0041] The illustrated embodiment may be modified as needed in the



10

15

20

25

WO 2008/015537 PCT/IB2007/002193
18

manners as will be hereinafter described. (a) In view of the fact that the
above-described diagnostics can be performed without affecting the behavior of the
vehicle at all, each of the solenoids may be energized using a certain test pattern,
such as a pattern .of regularly spaced pulses, which makes it easy to monitor
current passing through the solenoid. In this case, further detailed diagnostics
can be performed, which includes a diagnosis as to how the current monitored
follows the test pattern according to which each solenoid is energized.

[0042] (b) While the diagnostic process is performed under the condition
that the ignition switch IG is operated to the OFF position in the illustrated
embodiment, conditions for implementation of the diagnostic process is not limited
to this condition. For example, in the case where an engine system for controlling
operation of the internal combustion engine has an economy running function of
automatically stopping the operation of the engine when certain operating
conditions of vehicle driving/operating elements are satisfied, the diagnostics as
described above may be performed during a period in which the engine is
automatically stopped due to the economy running function. FIG. 5 is a flowchart
illustrating a diagnostic process performed in this manner according to a first
modified example of the illustrated embodiment. In the first modified example,
conditions for starting diagnostics are presented, by way of example, in steps S200
and S210 of FIG. 5. If the engine is in a stopped condition G.e., if the condition of
step S210 is satisfied), a solenoid of each solenoid valve can be energized without
affecting the behavior of the vehicle at all. With the diagnostic proceés as shown
in FIG. 5, the frequency of diagnosis of each solenoid valve is further increased.
The diagnostic process of FIG. 5 may be implemented along with the process of the
illustrated embodiment as shown in FIG. 4.

[0043] (c¢) In the case where a hydraulic pressure source that is driven by
another type of prime mover, such as an electric motor, is employed as the
hydraulic pressure source, the above diagnostic process is not necessarily carried

out under the condition that the internal combustion engine is stopped. Namely,
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the diagnostic process may be performed under a condition that the hydraulic
pressure of the hydraulic oil supplied from the hydraulic pressure source is
reduced to such a lower level that the hydraulic fluid cannot actuate each of the
friction devices. This condition may be satisfied when a driving means (e.g., a
motor) for driving the hydraulic pressure source is stopped. FIG. 6 is a flowchart
illustrating a diagnostic process performed in this manner according to a second
modified example of the illustrated embodiment. In the second modified example,
a condition for starting diagnostics is presented, by way of example, in step S300 of
FIG. 6. In this case, a solenoid of each solenoid valve can be energized without
affecting the behavior of the vehicle, even during operation of the internal
combustion engine.

[0044] (d) Other conditions for starting diagnostics may also be employed.
For example, the diagnostic process may be started under a condition that torque
transmitted through particular friction devices (i.e., clutches C1 — C4) connected to
the input shaft 101 of the automatic transmission 100 is controlled to be equal to or
smaller than a predetermined value. If this condition is set as a condition for
starting diagnostics, the diagnostic process may be carried out while the vehicle is
being stopped but is ready to run, namely, while the shift lever of the automatic
transmission is placed in the P (parking) range or N (neutral) range. FIG. 7is a
flowchart illustrating a diagnostic process performed in this manner according to a
third modified example of the illustrated embodiment. In the third modified
example, conditions for starting diagnostics are presented, by way of example, in
steps S400 and S410 of FIG. 7. Summing up the conditions for starting
diagnostics as exemplified above, any conditions may suffice under which torque
that can drive the driving wheels of the vehicle is not transmitted to the output-
shaft of the automatic transmission.

[0045] (e) While the invention is applied to the diagnostic system for use
with the forward six-speed automatic transmission in the illustrated embodiment,

the specifications of the automatic transmission to be diagnosed, or the
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speciﬁcations of the solenoid valves used in the transmission, are not limited to

those as illustrated above, but may be selected as desired.
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CLAIMS:

1. A diagnostic system for an automatic transmission including a
plurality of friction devices each of which i1s switched between an engaged state and
a released state in response to a hydraulic pressure of a hydraulic o1l supplied from
a hydraulic pressure source, and a plurality of solenoid valves capable of regulating
the hydraulic pressures of the hydraulic oil supplied to the respective friction
devices, said automatic transmission establishing a selected one of gear positions
between an input shaft connected to a prime mover and an output shaft connected
to driving wheels of a vehicle, by selectively setting the engaged or released state of
each of the friction devices through control of energization of a corresponding one of
the solenoid valves in accordance with the selected gear position, said diagnostic
system being adapted to diagnose the solenoid valves of the automatic
transmission so as to determine the presence of faults of the solenoid valves,
characterized in that:

a solenoid that constitutes each of the solenoid valves is energized under a
condition that torque that can drive the driving wheels of the vehicle is not
transmitted to the output shaft of the automatic transﬁission, while a current that
passes through the solenoid is monitored, and it is determined that the solenoid
valve is at fault when the current monitored does not match a current applied to

the solenoid for the energization thereof.

2. Adiagnostic system for an automatic transmission according to claim 1,
characterized in that the condition that torque that can drive the driving wheels of
the vehicle is not transmitted to the output shaft of the automatic transmission
comprises a condition that the hydraulic pressure of the hydraulic oil supplied from
the hydraulic pressure source has such a low level that the hydraulic oil cannot

actuate the friction devices irrespective of whether the solenoids are energized.
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3. A diagnostic system for an automatic transmission according to claim 2,
characterized in that the hydraulic pressure source supplies the hydraulic oil to
each of the friction devices based on the operation of the prime mover, and the
condition that the hydraulic pressure of the hydraulic oil supplied from the
hydraulic préssure source has such a low level that the hydraulic oil cannot actuate

the friction devices is satisfied when the operation of the prime mover is stopped.

4. A diagnostic system for an automatic transmission according to claim 1,
characterized in that the condition that torque that can drive the driving wheels of
the vehicle is not transmitted to the output shaft of the automatic transmission is

satisfied when an operation to stop the prime mover is performed.

5. Adiagnostic system for an automatic transmission according to claim 1,
characterized in that input torque from the prime mover is transmitted to a gear
train of the automatic transmission via at least one particular friction device, and
the -condition that torque that can drive the driving Wheéls of the vehicle is not
transmitted to the output shaft of the automatic transmission is satisfied when
torque transmitted through said at least one particular friction device is controlled

to be equal to or smaller than a predetermined value.

6. A diagnostic system for an automatic transmission according to claim 1,
characterized in that:
the prime mover comprises an internal combustion engine, and an engine
system that controls the operation of the engine has an economy running function
of automatically stopping the operation of the engine when predetermined
operating conditions of vehicle operating elements are established; and
the condition that torque that can drive the driving wheels of the vehicle is
not transmitted to the output shaft of the automatic transmission 1s satisfied when

the operation of the internal combustion engine is automatically stopped due to the
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economy running function.

7. Adiagnostic system for an automatic transmission according to any one
of claims 1 through 6, characterized in that the solenoid valves to be diagnosed as
to the presence of faults include a solenoid valve capable of regulating a hydraulic
pressure of a hydraulic oil supplied to a friction device for use in limp-home

'running of the vehicle.

8. A diagnostic system for an alitomatic transmission including a
plurality of friction devices each of which is switched between an engaged state and
a released state in response to a hydraulic pressure of a hydraulic oil supplied from
a hydraulic pressure source, and a plurality of solenoid valves capable of regulating
the hydraulic pressures of the hydraulic oil supplied to thé respective friction
devices, said automatic transmission establishing a selected one of gear positions
between an input shaft connected to a prime mover and an output shaft connected
to driving wheels of a vehicle, by selectively setting the engaged or released state of
each of the friction devices through control of energization of a corresponding one of
the solenoid valves in accordance with the selected gear position, said diagnostic
system being adapted to diagnose the solenoid valves of the automatic
transmission so as to determine the presence of faults of the solenoid valves,
comprising:

an energizing device that energizes a solenoid that constitutes each of the
solenoid valves under a condition that torque that can drive the driving wheels of
the vehicle is not transmitted to the output shaft of the automatic transmission;

a monitoring device that monitors a current that passes through the
solenoid energized by the energizing device; and

a determining device that determines that the solenoid valve is at fault
when the current monitored by the monitoring device does not match a current

applied to the solenoid by the energizing device.
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9. A diagnostic system for an automatic transmission according to claim 8,
wherein the condition that torque that can drive the driving wheels of the vehicle is
not transmitted to the output shaft of the automatic transmission comprises a
condition that the hydraulic pressure of the hydraulic oil supplied from the
hydraulic pressure source has such a low level that the hydraulic oil cannot actuate

the friction devices irrespective of whether the solenoids are energized.

10. A diagnostic system for an automatic transmission accbrding to claim
9, wherein the hydraulic pressure source supplies the hydraulic oil to each of the
friction devices based on the operation of the prime mover, and the condition that
the hydraulic pressure of the hydraulic oil supplied from the hydraulic pressure
source has such a low level that the hydraulic oil cannot actuate the friction

devices is satisfied when the operation of the prime mover is stopped.

11. A diagnostic system for an automatic transmission according to claim
8, wherein the condition that torque that can drive the driving wheels of the
vehicle is not transmitted to the output shaft of the automatic transmission is

satisfied when an operation to stop the prime mover is performed.

12. A diagnostic system for an automatic transmission according to claim
8, wherein input torque from the prime mover is transmitted to a gear train of the
automatic transmission via at least one particular friction device, and the
condition that torque that can drive the driving wheels of the vehicle is not
transmitted to the output shaft of the automatic transmission is satisfied when
torque transmitted through said at least one particular friction device is controlled

to be equal to or smaller than a predetermined value.

13. A diagnostic system for an automatic transmission according to claim

8, wherein:
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the prime mover comprises an internal combustion engine, and an engine

system that controls the operation of the engine has an economy running function

of automatically stopping the operation of the engine when predetermined
operating conditions of vehicle operating elements are established; and

the condition that torque that can drive the driving wheels of the vehicle is

not transmitted to the output shaft of the automatic transmission is satisfied when

the operation of the internal combustion engine is automatically stopped due to the

economy running function.

14. A diagnostic system for an automatic transmission according to claim
8, wherein the solenoid valves to be diagnosed as to the presence of faults include a
solenoid valve capable of regulating a hydraulic pressure of a hydraulic oil supplied

to a friction device for use in limp-home running of the vehicle.
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FIG.6
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FIG. ]/
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