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following conditions i) and ii) are satistied. The condition i) is during partial
failure in which a normally closed solenoid valve is de-energized. The condi-
tion ii) is when the switching valve is switched to a failure position due to the
second hydraulic pressure and downshift to a specific gear shift stage not cor-
responding to a current gear shitt stage occurs.
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CONTROL DEVICE AND CONTROL METHOD FOR VEHICLE
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] - The invention -‘relates to a control device and n control method for a
vehicle. More particularly, the 1nvention relates to a control device and a control method
that are applied to a vehicle capable of forming a specific gear shift stage even in a case

where an electrical failure occurs in a solcn01d valvc

it

2. Description'of Related Art

[0002] In the related art, a technique for forming a specific gear shift stage

according to a gear shift stage prior to a failure in which all solenoid valves are

- de-energized, without using electrical control, even in a case where the failure occurs in an

automatic transmission forming the gear shift stage by using the solenoid valves to control

.an engagement device is known (for example, refer to Japanese Patent Application

Publication No.. 2005-265101 (JP 2005-265101 A)). " In this type of automatic |
transmission according to the related art, a switching valve that is switched between a
normal position and a failure position according to hydraulic pressure supplied by using a -
normally closed (NC) solenoid valve and hydranlic pressure supplied from 'a normally
open (NO) solenoid valve is.used, and a 3-speed stage is mostly formed when the failure

occurs in 1- to 4-speed stages and a 5-speed stage is mostly formed when the failure occurs

. inas-or 6-speed stage.

[0003] However, the hydraulic pressure supplied by using the NC solenoid
valve is low immediately after switch from an N range to a D range, and thus the switching
valve may bc switched to the failure position, even during a normal opcration; by the
hydraulic pressure supplied from the NO solenoid valve in the automatic transmission of
the related art. ' |

[0004] . In, for examplc, J apancse Patent Apphcatlon Publication No. 2011 190851

| CONFIRMATION COPY
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(JP 2011-190851 A), a technique for using two relay valves to ensure opposing pressure

against hydraulic pressure supplied from a NO solenoid valve and suppress switch of a
S\;vitching valve to a failure position even in a case where hydraulic pressure supplied by
using a NC solenoid valve during a normal operéltibn is insufficient is disclosed.

[0005] Although the switching valve is switched to the failure position in a2 case

where the failure in which all of the solenoid valves are de-energized (hereinaftér, also’

referred to as all failure) occurs in the automatic transmission according to the related art,

the switching valve is not always switched to the failure position even when some of the
plurality of NC solenoid valves fail (hereinafter, also referred to as partial failure). For
example, the gear shift stage prior to the failure is maintained in some cases, with the

switching valve remaining at the normal position, depending on a relationship between the

engagement device corresponding to the solenoid valve that fails and the gear shift stage |

prior to the failure and the size of the hydraulic pressure supplied from the NO solenoid
valve. ,
[0006] " Although a specific low-speed stage (3-speed stage) is formed when the

all failure occurs during low-speed traveling (1- to 4-sp.ee.d stages) and a specific

. high-speed stage (5-speed stage) is formed when the all failure occurs during high-speéd

traveling (5-‘:'or' 6-speed stage) in the automatic transmission according to the related art,
the specific low-speed stage is internally established in some cases even during the

high-speed traveling due to, for example, a misoperation by a driver during the partial

‘failure.

[0007] . Accordingly, in the auvtomaticv fransmission accbrding to thg related art,
doWnshift to the speéific low-speéd stage may occur even during the high-speed traveling
when the hydraulic pressure supplied from the NO solenoid valve increases in a case, for
éxémple, where the misoperation by the driver and the partial failure occur simulfaneously.”
As a result, over-revolution of an internal combustion engine may be cau‘sed.' _

[0008] It is conceivable, as in J apénese Patent Application Publication No.
2011-190851 (JP 201’1-190851 A), to use a plurality of the relay valves and the like to

ensure the opposing pressure against the hydraulic pressure supplied from the NO
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solenoid valve and suppress the switch of the switching valve to the failure position when

the partial failure occurs. However, when the number of the valves and the like

* constituting a hydraulic circuit increases, the hydraulic circuit may become more complex,

' oil passages connecting the valves to each other may become more complex, and control

may become more complex. -

SUMMARY OF THE INVENTION

"~ [0009] The invention 'provides' a control device and a control method for
suppressing over-revolution of an internal combustibn '_engine, which results from
downshift to a specific gear shift stage during partial failure, by using a simple
configuration in a vehicle that forms the specific gear shift stage in a case Where an
electrical failure occurs in all solenoid valVes.v

[0010] A control device for a vehicle according to the invention is ’co'nfigured as
follows. The vehicle is provided with an internal combustion engine, an automatic
transmission, and the control device. The autorriatic transmission has a switching valve
switched between a normal position and a failure position aécordihg to a first hydraulic
pressure and a ‘second hydraulic pressure. The first hydraulic pressure is hydraulic

pressure supplied to the switching valve by controlling a first valve, and the second

hydraulic pressure is hydraulic pressure supplied to the switching valve by controlling a

second valve. The first valve is a hormally closed solenoid valve, and the second valve is

a normally open sol_en_oidl.valve. The switching valve is configured to be switched from

the normal position to the faihire'positioh during all failure in which all of the solenoid

valves including the first valve and the second valve are de-energized. The automatic
transmission is configiired to be set to gear shift stages corresponding to traveling states of
the wvehicle wheh the switching valve is at the normal position. The automatic
transmission is configured to be set to specific gear shift stages corresponding in advance
to the respective gear shift stages when the switching valve is at the failure position. The
control device is provided with an electronic control unit. The electronic control unit is

configured to limit the second hydraulic pressure such that the switching valve is switched
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to the normal position when the following conditions i) and ii) are satisfied. The
condition i) is during partial failure in which the first valve is de-energized. The
condition ii). is wlren the switchrrrg valve is switched to the failure position due to the
sg'cond hydraulic pressure and the automatic transmission is downshifted to tlre_ speéific
gear shift stage not corresponding to the current gear slri-t stage.

[0011] A control method for a vehicle according to the irlvention is configured as
follows. The vehicle is pr'ovided with an internal combustion engine, an automatic -
transmission, and an electronic control unit. The automatic transmission has a switching
valve switched between a normal position and a failure position according to a first
hydraulic pressure and a second h}lldraulic pressure. The first hydraulic pressure is

hydraulic pressure supplied to the switching valve by controlling a first valve, and the -

~ second hydraulic pressure is hydraulic .pressure supplied to the switching valvé by

controlling a second valve. The first valve is a normally closed solenoid valve, and the
second valve is a normally open solenoid valve. The switchirrg valve is configured to
be switched from the normal position to the failure position during all failure in which all

of the solenoid valves including the first valve and the second valve are de-energized.

. The automatic transmission is configured to be set to gear shift stages correspdnding to

traveling states of the vehicle when the switching valve is at the normal position. The
automatic transmission is configured to be set to specific gear shift stages corresponding in
advance to the respective ‘gear shift stages when the switching valve is at the failure
position. The control method includes limiting the second hydraulic pressure by the
electronic control unit such that the switching valve is switched to the normal position
when the following conditions i) and ii) are satisfied. The condition i) is during partial
failure in which the first valve is de-energized. The condition ii) is when the switching
valve is switched to the failure position due to the secorrd hydraulic pressure and the °
automatic transmission is downshifted to the specific gear shift siage not corresponding to
the current gear shift stage.

[0012] According to the control device and the control method for a vehicle of the

invention, over-revolution resulting from downshift to a specific gear shift stage can be
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~ suppressed by using a simple configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  Features, advantages, and technical and . industrial significance of

~ exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic configuration diagram illustrating a vehicle on which a control .
déf/ice according to an embodiment of the invention is mounted,;

FIG. 2 is a skeleton diagram of a power transmission device that is mounted on the
vehicle; - | |

FIG. 3 is a diagram illustrating an operation table showing how each gear stage, each
linear solenoid, each brake, and Cé‘lCh‘ clutch formed in an automatic transmisSion
correspond to each other; |

FIG. 4 is a variogram of the automatic transmission;

FIG. 5 is a diagram illustrating a part of a hydraulic circﬁit; and

FIG. 6 is a flowchart illustrating an example of hydraulic control during partial ‘

failure.

DETAILED DESCRIPTION OF EMBODIMENTS’

[0014] Hereinéfte_r, embodimenté of thve‘ invention will be described with
reference to the accompanying drawings. In an embodiment, a case where the invention
is applied to a front-engine froﬁt-drive_(FF) vehicle on whicﬁ an automatic transmission 3
capable of forward 6-speed gear shift is mounted will be described.

[0015] FIG. 1 is a schematic configufation diagram illustrating the vehicle on
which a control device according to this embodiment is mounted. The vehicle is provided
with an engine (interﬂal 'combvustion engine) 1, a torque converter 2, the automatic
transmission 3, a differential gear device 6, driving‘ Wheels (front wheels) 8, and an
electronic control unit (ECU) 9.

[0016] The engine 1 is, for exampie, a four-cylinder gasoline engine. In the
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engine 1, an air-fuel mixture of a fuel and intake air that is injected from an injector (not

illustrated) is ignited by an ignition plug (not illustrated) and is combusted in a combustlon

chamber (not 1llustrated) so that a piston (not 111ustrated) reciprocates due to the

combustion of the air-fuel mixture in the combustion chamber and a crankshaft (not
illustrated) rotates.. The amount of the intake air is adjusted by an electronically
controlled throttle valve 89. Opening of the throttle valve 89 can be electronically
controlled independently of an operatiorr of an accelerator pedal 96 by a driver.  Ignition
timing of the ignition plug is adjusted by an igniter 88.

[0017] | The automatic transmission 3 includes a planetary gear mechanism 4 and a
h.ydraulic circuit 5. The automatic transmission 3 gear-shifts a speed of the crankshaftvtov
a desired speed by forming a desired gear -Astage (gear shift stage). An output rotary
member 12 of the automatit: transmission 3 is engaged with a differential driven gear (not
illustrated) of the differential gear device 6. v | |

[0018] A drive shaft 7 is connected to the differential gear device 6 by spline
fitting or the like. Output of the engine 1 is transmitted to the right and left driving
wheels 8-via the torque converter 2, the automatic transmission 3, the. differential gear
devrce 6, and the drive shaft 7.

[0019] The igniter 88 a throttle motor (not illustrated) that drives the throttle

valve 89, a throttle opening sensor 90, an air flow meter 93, a position switch 95 of a shift

lever 94, an accelerator opening sensor 97, a water temperature sensor 98, and a crank
position sensor 99 are connected to the ECU 9. |
| [0020] The opening of the throttle valve 89 (throttle opening 6th) is detected by

the throttle opening sensor 90, and a detection signal is transmitted to the ECU 9. A

'position of the shift lever 94 is detected by the position switch 95, and a detection signal is

transmitted to the ECU 9. ‘The air flow meter 93 detects the amount of the air taken into
the engine 1, and transmits a detection signal to the ECU 9. The accelerator op.ening
sensor 97 detects a pedaling amount of the accelerator pedal 96 (accelerator operatidn
amount ACC (%)), and transmits a detection signal to the ECU 9.  The water temperature

sensor 98 detects an engine water temperature Tw, and transmits a detection signal to the
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ECU 9 The ECU 9 calculates an engme ‘speed Ne based on a pulse-shaped 81gnal from
the crank position sensor 99.

[0021] The ECU 9 executes various controls on the engine 1 and the automatic
transmission 3, based on the signals that are transmitted from the various sensors and a
map and a program that are stored on a read only mem y (ROM) 19, so that the vehicle is
in a desired traveling state. For example, ignition timing control for the ignition plug,
fuel injection control for the injector; driving control for the throttle motor, in uvhich the
throttle ouening Bth is controlled based on the actual accelerator operation amount ACC
(%) and the like from a relationship stored in advance, and the like are executed.

[0022] FIG. 2 is a skeleton diagram of a power transmission device 10 that is

“mounted on the vehicle according to this embodiment and includes the torque converter 2
and the automatic transmission 3. The automatic transmission 3 has a first transmission

‘unit 13, which is configured mainly as a single pinion first planetary gear device 15, and a

Ravigneau second transmission unit ‘14, which is ccnfigured mainly as a double ‘pinion
second planetary gear device 16 and a single p}ini.on third planetary gear‘ device 17,
coaxially provided, and gear-shifts rotation of an input shaft 11 for output from the output
rctary' member 12. The automatic transmission ‘3 is configured fo be substaniially
symmetrical to a center line. In FIG. 2, a lower half of the ceuter line is not illustrated.
[0023]- In this embodiment, the input shaft '11 is a turbine. shaft of the terque
converter 2 that is driven to rotate by the engine 1. The cutput rotary member 12

functions as a differential drive gear that is engaged with the differential driven gear so as .

to transmit power to the differential gear device 6.

[0024]  The torque converter 2, which is provided with a pump impeller 2a that is

. connected to the crankshaft of the engine 1, a turbine runner 2b that is connected to the

input shaft 11 of the automatic transmission 3, and a stator 2c that is connected to a

- housing 20 of the automatic transmission 3 via a one-way clutch, is a fluid power

transmxssnon devxce that transmits the power generated by the engine 1 to the automatic
transmlssmn 3viaa fluid A lockup clutch 18 which is a direct connection clutch is

disposed between the pump impeller 2a and the turbine runner 2b. In a case where the
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lockup clutch 18 is in a fully engaged state, the pump impeller 22 and the turbine runner 2b
integrally rotate. |

[0025] FIG. 3 is a diagram illustrating an operation table showing how each gear
stage, each linear solenoid, each brake, and each ciutéh fonhed in the automatic
transmission 3 correspond to each other. In the drawing, “circle” represents engagement
(energization in a linear solenoid valve), “double cifcle” represénfs engagement only
duriﬂg engine brake, and “cross” represents release (de-energization in the linear solenoid
valve). A C1 clutch, a C2 clutch, a Bl brake, a.B2 brake, and a B3 brake the automatic
transmission 3 is provided with are hydraulic friction engagement de\}ices, which are
engagement-controlled by a hydraulic actu.at'or, such as multi plat¢ clutches and brakes. -
The clutches and the brakes are.switched between an engagement state and a release state
by current control of an SL linear solenoid valve and SL1 to SLA linear solenoid Valves‘ of
the hydraulic circuit 5. | |
‘ | [0026] In the automatic transmission 3, six forward gear stages from a 1-speed
gear stage‘ “1ST” to a 6-speed gear stage “6TH” and a reverse gear stage “R;’ are formed
from combinations of connection stétes between respective rOtatioﬁ clements (sun gears S1
to S_3,'carriers CAl to CA3, and ring gears R1 to R3) of the first transmission unit 13 and
the second transmission unit 14, - Héreinafter, a gear layout of the automatic transmission /
3 will be described in detail.

[0027] The first planetary gear device 15 is provided with the three rotation

- elements of the'sun gear S1, the carrier CA1, and the ring gear R1, and the sun gear S1 is

connected to the input shaft 11. The sun gear S1 is subject to decelerating rotation, with
the éarrier CA1 being an \interinediate output member, because the ring gear R1 is fixed to
the housing 20 via the B1 brake. , |

‘ [0028] A part of the second planetary gear device 16 and a part of the third

‘ planetary gear device 17 are connected to each other to constitute four rotation elements

RM1 to RM4. Specifically, the sun gear S2 of the second planetafy gear device 16
constitutes the first rotation element RM1, and the ring gear R2 of the second planetary

gear device 16 and the riﬂg gear R3 of the third planetary gear device 17 are connected to
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each other to constitute the second rotation element RM2. The carrier CA2jof the second
planetary gear device 16 and the carrier CA3 of the third planetary gear' device 17 are
connected to each other to constitute the third retation element RM3. The sun gear S3 of |
the third planetary gear device 17 constitutes the fourth rotation element RM4.

[0029] In the second planetary gear device 16 and the third pla_netafy
17,/ the carr_ieré CA2, CA3 are configured as a ‘common membet and the ring gears R2, R3
are configured as a common member. A pinion gear of the third planetary gear device 17

is a Ravigneau planetary gear train that serves also as a second pinion gear of the second

' }pla‘netary gear device 16. .

10."

[0030]  The first rotation element RM1 (sun gear S2) is‘integrally connected to the
carrier CA‘l of the first planetary gear device 15 that is the intermediate output member,
and is selectively connected to the housing 20 by the B2 brake so that rotation is stopped.
The second rotation element RM2 (ring gears R2, R3) is seiectively connected to tlte input
shaft 11 via the C2 clutch and. is selectively connected to the housing 20 via a one-way
clutch F1 and the B3 brake so .that. rotation is stopped. The third rotation element RM3
(carriers CA2, CA3) is integrally connected to the output rotary member 12. The fourth
rotation element RM4 (sun gear S3) is selectively connected to the input shaft 11 via the
C1 clutch. |
‘[0031] In tne automatic transmission 3 described above, the gear stages are set
when the C1 clutch, the C2 clutch, the B1 brake, the B2 brake, and the B3 brake, which are
the friction engagement devices, the one-way clutch F1, and the like are engaged or
released in a predetermined state. ‘For example, in the forward gear stage, the 1-speed
gear stage “1ST” is established by the engagement between the C1 clutch and the B3 brake,
the 2-speed gear stage ‘-‘ZND” is established by the engagemént between the C1 clutch and
the B2 brake, the 3-speed gear stage' “3RD” is established by the engagement between the
Cl clutch and the Bl brake, the 4-speed vgear stage “4TH” is established by the
engagement between the C1 clutch and the C2 clutch, the 5-speed gear stage “STH” is
established by the engagement between the C2 clutch and the B1 brake, and the 6-speed

gear stage “6TH” is established by the engagement between the C2 clutch and the B2
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brake. The reverse gear stage “R” is established by the vengagement between the B1 brake
and the B3 brake. A neutral state is established when any one of the clutches and the
brakes is released. |

[0032] In the automatic transmission 3 accofding to this embodiment, the
one-Way clutch F1 is disposed in parallel to the B3 brake that establishes the 1-speed gear
stage “1ST”. Accordingly, the B3 brake does not necessarily have to be éngaged during
start (during abceleration). - Change gear ratios of the respective gear stages are
appropriately determined. by using respective gear ratios (=the number of teeth of the sun
gear/fhé number of tcéth of the ring gear) p1, p2, p3 of the first planetary gear device 15,
the second planetary gear device 16, and the third planetary gear device 17. _

[0033] A speed of the input shaft 11 (turbine speed). of the automatic trarﬁsmission
3 is detected by a turbine speed sensor 91, and a speed of the output rotary member 12 of

the automatic transmission 3 is detected by a vehicle speed sensor 92. The current gear

- stage of the automaﬁc transmission 3 can be determined based on a speed ratio (output

speed/input speed) that is obtained frqm detection signals of the turbine speed sensor 91
and the vehicle speed sensor 92. |
[0034] FIG. 4 is a variogram (gear shift map) that is stored in advance on the
ROM 19 so as to control a gear shift operation by the automatic transmiséion_3. The\ ECU
9 detemiines the gear shift of the automatic transmission 3 from the variogram, based on
the actual accelerator operation amount ACC (%) and a vehicle speed V (km/h), and
controls the SL liﬁear- solenoid valve and the SL1 to SL4 linear solendid valves the
hydraulic circuit 5 is provided with and the like so that the determined gear stage and the
engagement state are obtained. | . |
- [0035] Specifically, the ECU 9 calculates the vehicle speed V from the detection

signal of the vehicle speed sensor 92 and calculates the accelerator operation amount ACC

| (%) of the accelerator pedal 96 from the detection signal of the accelerator opening sensor

97, and calculates a target gear stage, referring to the variogram in FIG. 4, based on the
vehicle speed V and the accelerator operation amount ACC (%). 'In addition, the current

gear stage is determined by obtaining the speed ratio (output speed/input speed) that is



10

15

20

25

WO 2015/087125 PCT/IB2014/002651
11

(‘)btain’ed from the detection signals of the turbine speed sensor 91 and the vehicle speed
sensor 92, and. it is determined whether or not the gear shift operation is requiréd by
comparing the current gear stage to the target gear stage.

[0036] In-a case where the gear shift, is not required as a result of the
determination (in a case whete the gear 'stage is appropriately set with the current gear
stage being the target gear stage), a solenoid control signal for maintaining the current gear
stage is output to the hydréulic circuit 5 of the automatic tranémission 3.

[0037] | In a case where the current g(:ér stage is not the target gear stage, gear shift
control is performed. For example, in a case where thé traveling'stvate of the vehicle
changes from a situation of traveling in a state where the gear stage of the automatic
transmission 3 is in the “2-speed” state to, for example, change from‘point A to point B
illﬁstrgted in FIG. 4,a shiftup gear shift line [2—=3] is crossed due to the change and thev
target gear stage calculated from the variogram is the “3-speed”. A solenoid control
signal for setting the 3-speed gear stage is output to the hydraulic circuit 5 of the automatic
transmission 3, and the gear shift from the 2-speed gear stage to the 3-speed geaf stage
(2—3 upshift) is performed. .

[0038] The hydraulic circuit 5 will be described with reference to FIG. 5. Oniy a

part of the hydfaulic circuit 5 that relates to the invention is illuétrated in FIG. 5. The

, »hydraulic circuit 5 includes an oil pump 21’,'2'1 manual valve 42, a solenoid modulator valve

43, a primary regulator valve (not illustrated), an SL1 linear solenoid valve (hereinafter,
also referred to as SL (1)) 44, an SL2 linear édlenoid valve (hereinafter, also referred to as
SL (2)) 45, an SL3 linear solenoid valve (hereinafter, also referred to as SL (3)) 46, an SL4.
linear solenoid valve (hereinafter, also referred .t‘o as SL (4)) 47, an SLT linear solendid '
valve (hereinafter, also referred to as .SLT) 48, an SL linear solenoid valve (hereinafter, also

referred to as SL) 49, a solenoid relayivalve 52, a clutch control valve 59, a sequence valve

: (switching valve) 68, a B3 control valve (not illustrated), and a C1 accumulator 83.

[0039] The oil pump 21 is connected to the crankshaft of the engine 1, and is
driven to generate hydraulic pressure when the crankshaft rotates. The hydraulic pressure

that is generated by the oil pump 21 is adjusted by the primary regulator valve to becorhe
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line pressure. The primary regulator valve is operated by using the hydraulic pressure
controlled by the SLT 48 (hereinafter, also referred to as SLT pressure) as pilot pressure.
The line pressure increases as the SLT pressure increases. The line pressure iS supplied to
the manual valve 42, the solenoid modulator valve ‘43, the SL (4) 47, and the sequence
valve 68 via a PL oil passage ‘22. )

[0040] The manual valve 42 is connected to the shift lever 94. A position of a
spool of the manual valve 42 is changed to a parking position (P), é reverse position (R), a
neutral position (N), a drive position (D), or a sport position (S) according to the position
of the shift lever 94. In a case where the lspool of the manual valve 42 is at the drive
position (D), the line pressure that is suppiied to the manual valve 42 is supplied to the SL
(1) 44, the SL (2) 45, the SL (3) 46, }and the clutch control valve 59 via a D-range oil

passage 23 as D-rangé pressure. In a case where the spool of the manual valve 42 is at

_the reverse positioﬂ (R), the supplied line pressure is supplied to an R-range oil passage

(not illustratéd).
[0041] The solenoid modulator valve 43 adjusts the line pressure to a constant
pressure. The hydraulic pressure that is adjusted to a constant pressure by the solenoid

modulator valve 43 (hereinafter, also referred to as modulator pressure) is supplied to the

SLT 48, the SL 49, and the solenoid relay valve 52 via a modulator oil passage 24.

(0042])  The SL (1) 44 is a normally closed linear solenoid valve that blocks the
hydraulic pressure during de-energization. The D-range pressure is supplied to the SL (1) -

44 via the D-range oil passage 23. The SL (1) 44 is connected to the solenoid relay valve

52 and the sequence valve 68 via an SL1 oil passage 25. The SL (1) 44 controls the

hydraulic pressure that is supplied to a servo of the C1 clutch (hereinafter, also referred to
as C1 hydraulic servo) 38.
[0043]  The SL (2) 45 is a normally closed linear solenoid valve that blocks the

hydraulic pressure during de-energization. The D-range pressure is supplied to the SL 2)

45 via the D-range oil passage 23. The SL (2) 45 is connected to the sequence valve 68
via an SL2 oil passage 26. The SL (2) 45 controls the hydraulic pressure that is supplied

t‘o> a servo of the C2 clutch (hereinafter, also referred to as C2 hydrauiic servo) 39.
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[0044]  The SL (3) 46 is a normally closed linear solenoid valve that blbcks the

hydraﬁljc pressure during de-energization. The D-range pressure is supplied to the SL (3)

46 via the D-range oil passage 23. The SL (3) 46 is connected to a servo of the B2 brake
(hereinafter, also referred to Aas B2 hydraulic servo) 41 via a B2i oil passage 36, and
controls the hydraulic pressure that is supplied to B2 hydraulic servo 41.

[0045] The SL(4) 47 is a normé_lly ciosed linear solenoid valve that blocks the
hydfaulic pressure during de-energization. The iine pressure is supplied to the SL (4) 47
via the PL oil passage 22. The SL (4) 47 iS connected to the sequence valve 68 via an
SLA4 oil passage 27. The SL (4) 47 controls the hydraulic pre_ssﬁre that isvsupplied toa
servo of the Bl braké (hereinafter, also referred to as B1 hydraulic servo) 40.

’ [0046]  The SLT 48 is a normally open linear solenoid valve that is capable of |
supplying the hydraulic pressure durihg de-energization. The ECU 9 sets a target SLT

- pressure according to torque information that is generated based on the accelerator

operation amount ACC (%), the amount of the intake air of the engine 1, the engine water
temperature 'Tw; the engine speéd, Né, and the like, and produces the SLT pressure by
controlling the SLT 48 to match with the target SLT pressure. As a general rule, the SLT

pressure is adjusted to increase as the accelerator operation amount ACC (%) increases.

The SLT pressure that is adjusted by the SLT 48 is supplied to the sequence valve 68 and

the primary regulator valve via an SLT oil passage 28. An oil pressure switch 84 that

directly detects the SLT pressure is disposed in the SLT oil passage 28. During system

start, the SLT 48 is energized so as to control the SLT pressure. The SLT 48 is a notrhaliy
open solenoid valve, and thus the SLT ‘pressure reaches the highest value during
de-energization and the SLT pressure. during energization is lower than the SLT pressure
during de-energization. »

| [0047] The/SL 49 is a normally closed lihear solenoid _valvé that blocks the
hydraulic pressure during de-energization. The SL 49 includeé an input port 50 and an
output port 51.  The input port 50 is connected to the modulator oil passage 24. The
output port 51 is connected to the solenoid relay valve 52 via an SL oil passage 29. As

illustrated in the operation table in FIG. 3, the SL 49 is de-energized in a case where the
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1-speed gear stage is formed. The input port 50 and the output port 51 of the SL 49 are

‘blocked during de-energization. The SL 49 is energized in a case where the 2- to 6-speed

gear stages are formed. During energization, the input port 50 and the output 'port 51of

the SL 49 communicate with each other and the modulator pressuré fhat is supplied to the
iﬂput port 50 is output from the output port 51 and is sﬁpplicd to the solenoid relay valve
52. |

[0048]  The solenoid relay valve 52 includes an SL port (R) 53, an SL1 port (R)
54, a modulator port 55, and an outp‘ut' port (R) 56. In addition, the solenoid relay valve
52 has a spool 57, and a spring 58 that biases the spool 57 to an upper side in FIG. 5.

[0049] ‘The SL port (R) 53 is connected to the output port 51 of the SL 49 via the
SL oil passage 29. Accordingly, the modulator pressure is supplied to the SL port (R) 53

“when the SL 49 is energized.

[0050] The SL1 port (R) 54 is connected to the SL (1) 44 via the SLlrb-il pasSage

25. The SL1 port (R) 54 communicates with or is blocked from the output port (R) 56
depepding on a movement of the sbool 57. |

| [0051] - The modulator port 55 is connect;:d to the solénoi_d modulator valve 43 via

the modulatdr oil passage 24. The moydula‘tor_port 55 coﬁlmunicates with or is b_locked
from the output port (R) 56 depending on the movement of the spool 57. |

[0052]  The output port (R) 56 communicates with any one of thé SL1 port (R) 54

and the modulator port 55 when the spool 57 moves. The output port (R) 56 is connected

" to the clutch control valve 59 and the sequencé valve 68 via a relay oil passage 30.

'[0053]  The solenoid relay valve 52 is controlled by the hydraulic pressure that is

supplied to.the SL port (R) 53 and a biasing force of the spring 58. Specifically, the SL

49 is de-cnergiied and the hydraulic pressure is not supplied to the SL port (R) 53 in a case

where the 1-speed gear stage is formed, and thus the solenoid relay valve 52 is in a state

illustrated on the left side in FIG. 5 due to the biasing force of the spring 58. In this state,

the SL1 port (R) 54 and the output port (R) 56 communicate with each other and the

“hydraulic pressure that is adjustéd. to a constant pressure by the SL (1) 44 (hereinafter, also

referred to as SL1 pressure) is supplied to the clutch control valve 59 and the sequence
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valve 68 via the relay oil passage 30.

[0054] In a case where the 2- to 6-speed gear stages are formed, the SL 49 is
energized and the modulator pressure is supplied to the SL port (R) 53, and thus the
modulator pressure exceeds the biasing force of the spring 58 and the solenoid relay valve
52 is in a state illustrated on the right side in FIG. 5. _In this state, the modulator port 55
and. the output port (R) 56 communicate with each other and the modulator pressure is
supplied to the clutch contrql valve 59 and the sequence valve 68 via the félay oil passage
30, |

| [0055]  The clutch control valve 59 includes a D port 60, a low-speed stage port
(C) 61, a high-speed stage port (C) 62, a rél-ay port (C) 63, a lock port 64, and a drain port
65. In addition, the clutch control valve 59 has a spool 66, and a spring 67 that biases the
spool 66 to the upper side in FIG. 5.
~ [0056] The D port 60 is connected to the manual valve 42 via the D-range oil
passage 23. The D port 60 communicates with any one of the low-speed stage port (C) 61 |
and the high-speed stage port (C) 62 depending on a movement of the spool 66.

[0057] In a case where the 1- to 4-speed gear stages are formed, the low-speed
stage port (C) 61 comrﬁunicatcs with the D port 60. In a case where the high-speed stage
port (C) 62 communicates with the D port- 60, ‘the 1ow-speed stage port (C) 61
communicates with the drain port 65. The low-speed stage port (C) 61 is connected to the
sequence valve 68 via a low-speed stage oil passage 31. | ‘

[0058] In a case where the 5-speed or 6- specd gear stage is formed, the
high-speed stage port (C) 62 communicates with the D port 60. The high-speed stage port
(©)62is conriected to the sequence valve 68 via a high-speed stage oil passage 32.

[0059] ~ The relay port (C) 63 is connected to the output port (R) 56 of the solenoid
relay valve 52 via the relay oil passage 30. Accordingly, the SL1 pressure is suppiied to
the relay port (C) 63 in a case where the 1-speed gear stage is formed, and the modulator
pressure is supplied to the relay port (C) 63 in a case where the 2- to 6-speed gear stages
are formed.

[0060] The lock port 64 is connected to the high-speed stage oil passage 32. Ina
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case Where,the low-speed stage port (C) 61 communicates'with the D port 60, the lock port
64 communicates with the drain port 65. |
| [0061]  The clutch control valve 59 is controlled mainly by the hydraulic pressure

that is supplied to the relay port (C) 63 and a biasing force of the spring 67 although the

-

clutch control valve 59 is also controlled by the hydraulic pressure that is supplied to the

“lock port 64. The spring 67 is adjusted so that the biasing force of the spring 67 is larger

than the SL1 pfessure or the modulator pressure corresponding to the 2- to 4-speed gear
stages and is smaller than the modulator pressure corresponding to the 5-speed or 6-speed
gear stage. |

| [0062] In a case where the 1-speed gear stage is formed, the SL1 pressure is\v

supplied to the relay port (C) 63. In this case, the htasing force of the spring 67 exceeds

. the SL1 pressure, and the clutch control valve 59 is in a state illustrated on the left side in

FIG. 5.

[0063] In a case where the 2- to 4-speed gear stages are formed, the modulator ,

' pressure corresponding to the 2- to 4-speed gear stages is supplied to the relay port (C) 63.

Even in this case, the biasing force of the spring 67 exceeds the modulator pressure and the
clutch control valve 59 is in a state illustrated on the left 51de in FIG. 5.

[0064] As descrlbed above, the SLT pressure increases as the accelerator
operation amount ACC (%) increases. ~Accordingly, the SLT pressure increases when the |
driver steps on the accelerator pedal 96, aud the line pressure, which is adjusted by the
primary regulator valve that is operated by using the SLT pressure as the pilot pressure,
also ihcreases When the line pressure increases, the modulator ‘pressure, which is
adjusted from the line pressure by the solenoid modulator valve 43, also increases.

[0065] Accordmgly, the modulator pressure that is 1nc_reased to. a ‘vallue

corresponding to the 5-speed or 6-speed gear stage is supplied to the felay port (C) 63 in a

case where the 5-speed or 6-speed gear stage is formed by the driver stepping on the -

accelerator pedal 96. In this case, the modulator pressure exceeds the biasing force of the
spring 67 and the clutch control valve 59 is in a state illustrated on the right side in FIG. 5.

[0066] VHerein, the hydraulic pressure that is suppﬁed from the high-speed stage
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oil passage >32_ to the lock port 64 (heréinafter, also referred to as lock pressure). is
discharged from the drain port 65 in a case where the low-speed stage port (C) 61
communicates with the D port 60. \Accordingly, the lock pressure does not act at all in a
case where 1- to 4-speed gear stages (Iow-speed stages) are formed.

[0067] In a case where the 5-speed of 6-speed gear stage (high-speed stage) is
formed, the lock pressure acts as an opposing force against the biasing force of the spriﬁg ,
67 with the modulator pressure. Accordingly, the lock pressure that is equal to the
modulator prcssure'correspond‘ing to tl}e 5-speed or 6-speévd gear Stage exceeds the biasing
force of the Spring 67 and the clutch control valve 59 is maintained in a state illustrated oﬁ
the right side in FIG. 5, even when electrical failure occurs and the modulator pressure is
ndt supplied to the felay port (C) 63;, in a case where the 5-speed or 6-speed gear stage is
formed. ) | '

[0068]  The lock pressure is dischafged from the drain port 65 in a case where the
low-speed stage port (C) 61 communicates with fhe D port 60. 1In additioﬁ, the ‘lock

pressure is discharged from the lock port 64 in a case where the D-range pressure is

- discharged from the D-range oil passage 23 through an operation of the manual valve 42 to

the neutral position (N) or the like.

- [0069] The sequence valve 68 includes an SL1 port (S) 69, a low-speed s_tagé poﬁ
(S)70,aC1 pbri 71, an SL2 port 72, a high-si)eed stage port (S) 73, a C2 port 74, an SLA
port '75, a PL port 76, a B1 port 77, an SLT port 78, a relay port (S) 79, and an accumulator
port 80. In addition, the séquence valve 68 has a spool 81, and a spring 82 that biases the
spool 81 to a lower side in FIG. 5. _ , _

[0070]  The SL1 port (S) 69 is connected to the SL (1) 44 via the SL1 oil passage

~ 25. The low-speed stage port (S) 70 is connected to the low-speed stage port (C) 61 via
‘the low-speed stage oil passage 31. The C1 port 71 is connected to the C1 hydraulic

~servo 38 via a Cl1 oil passage 33. The C1 port 71 communicates with any one of the SL1

port (S) 69 and the low-speed stage port (S) 70 depending on a movement of the spool 81.
- [0071]  The SL2 port 72 is connected to the SL (2) 45 via the SL2 oil passage 26.
The high-speed stage port (S) 73 is connected to the high-§peed stage port (C) 62 via the
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high-speed stage oil passage 32. The C2 port 74 is connected to the C2 hydraulic SErvo
39 via a C2 oil passage 34. The C2 port 74 communicates with aﬁy one of the SL2 port
72 and the high—'speed stage port (S) 73 depvend.ing on. the movement of the spool 81.

| [0072] The SL4 port 75 is connected to the SL (4) 47 via the SI4 oil passage 27.
The PL port 76 is connected to the PL oil passage 22. The B1 oort 77 is connected to the
B1 hydrauhc servo 40 via a Blr 011 passage 35. The Bl port 77 communicates with any
one of the SI4 port 75 and the PL port 76 dépending on the movement of the spool 81.

[0073]  The SLT port 78 is connécted to the SLT 48 via the SLT oil passage 28.

* The relay port (S) 79 is connected to the output port (R) 56 of the solenoid relay valve 52

via the relay oil passage 30. The accumulator port 80 is connected to the C1 accumulator
83 via an accumulator oil p;ssage 37. _ |

’ [0074] The sequéncé. valve 68 is controlled by the SLT pressure that is supplied to
the SLT port 78, the hydraulic pressure that is supplied to the relay port (S) 79 (the SL1
pressure or the rribdulator pressure), and a biasing force of the spring 82. More
specifically, in the sequence valve 68, the SL1 pressure or the modulator pressure is used,
in addition to the biasing force of the spring 82, as an opposing force against the SLT
pressure. _ |

.[0075] _ The sequence valve 68 is configured to be in a state illustrated on the right '

| side in FIG. 5 with a resultant force of the biasing force of the spring 82 and the SL1

pressure or the modulator pressure exceeding the SLT pressure insofar as the SL1 pressure
or the modulator preséure is supplied to the relay port (S) 79. The SLT pressufe does not
always exceed the biasing force of the spring 82 even in a case where both the SL1
pressure and the modulator pressure are not sﬁpplied to the relay pbrt (S) 79. . The
sequence valve 68 is configured to be switched to a state illustrated on the :left‘ side vin FIG.
5 wifh the SLT pressure 'ex‘ceeding the biasing fo_rée of the spring 82 in, for example, a.case
where the SLT pressure is increased to larger than or equal to a predetermined value
(hereinafter, also ‘referred to as a;liinp mode forming. pressure) by the driver steppiﬁg oﬁ
the accelerator pedal 96 and a case where the SLT pressure reaches the highest value with

the SLT 48 de-energized.
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[0076]  The SL1 pressure or the modulator pressure that is supplied to the relay

~port (S) 79 is an example of “a first hydraulic pressure supplied by 'contrcl)lling‘ the

normally closed solenoid valve” of the invention. The SLT pressure that is supplied to the

SLT port 78 is an example of “a second hydraulic pressure suppljed_fro/m the normally -
open solenoid valve” of the invention. The state of the sequence valve 68 illusﬁrat@d on

the right side in FIG. 5 is an example of a “normal position” of the invention. The state of

the sequence valve 68 jlluStrated on the left side in FIG. 5 is an example of a “failure

position” of thc invention. _

t0077] Hereinafter, each of the gear stages that are formed by the hydraulic circuit
5 described above will be describcd. | |

[0078] In a case where the 1-speed gear stage ‘is formed . during a normal
operation, the SL (1) 44 is energized and the SL 49, the SL (2) 45, the SL (3) 46, and the
SL (4) 47 are de-energized as illustrated in the operation table iﬂ FIG. ‘3. When the SL 49
is de-energized, no hydraulic pressure is supplied to the SL port (R) 53, andv the solenoid
relay' valve 52 is in a state illustrated on the left side in FIG. 5 duel to the biasing force of

the spring 58. In this state, the SL1 port (R) 54 and the output port (R) 56 communicate

“with each other and the modulator port 55 arid the output port (R) 56 are blocked from
. each other. ~ Accordingly, when the SL (1) 44 is en¢rgized, the SL1 pressure is supplied to
‘the relay port (C) 63 of the clutch control valve 59 and the relay port (S) 79 of the

sequence valve 68 via the SL1 oil passage 25, the SL1 port (R) 54, the output port (R) 56,
;uid the relay oil passage 30. In addition, the SLl pressure is supplied to the SL1 port S)
69 of the sequence valve 68 via thé SL1 oil passage 25.

\ [0079]  Although the SL1 pressure is supplied to the relay port (C) 63 of the clutch
control valve 59, the clutch control valve 59 is in a state illustrated on the left side in FIG. 5
with the biasing force of the spfing 67 exceeding the SL1 pressure. In this state, the D
port 60 and the low-speed stage port (C) 61 communicate with céCh other and the D port

60 and the high-speed stage port (C) 62 are blocked from each other. Accordingly, the

» D-iange pressure is supplied to the low-speed stage port (S) 70 of the sequence valve 68.

[0080]  Although the SLT pressure is supplied from the SLT 48 to the SLT port 78
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of the sequence valve 68 via the SLT oil passage 28, the seduence valve 68 is in a state
illustrated on the rigﬁt side in FIG. 5 (normal position) since the SL1 pressure is supplied to
the relay port (S) 79. In this state, the SL1 port (S) 69 and the C1 port 71 communicate
with each other and the low-speed stage port (S) 70 and the C1 port 71 are blocked from
each other. The SL1 pressure is supplied to the SL1 port (S) 69, and thus the SLl

pressure is supplied to the C1 hydraulic servo 38 and the Cl1 clutch is engaged. In this

case, the C1 port 71 and the accumulator port 80 communicate with each other and the C1

hydraulic servo 38 and the C1 accumulator 83 are connected via the é\_ccumulator oil’
passage 37, and thus the C1 clutch can be smoothly engaged.

[0081] In this state, the SL2 port 72 and the C2 port 74 communicate with each
other. However, no hydraulic pressure is supplied to the C2 hydréulic s¢rv6 39 since the

SL (2) 45 is de-energized, and the C2 clutch is in the release state. In addiﬁon, although

‘the PL port 76 and the B1 port 77 are blocked from each other and the SI4 port 75 and the

B1 port 77 communicate with each other in this state, no hydraulic pressure is supplied to

the B1 hydraulic servo 40 since the SL (4) 47 is de-energiied, and the B1 brake is in the

release state. In addition, the SL (3) 46 is de-energized in this state, and thus no hydraulic

pressure is supplied to the B2 hydréulic servo 41, and the B2 brake is in the release state.
[0082] The 1-speed gear stage is formed when only the C1 clutch is engaged and
the C2 clutch, the Bi brake, and the B2 brake are in the release sbt}ate as de'scrivbed above.
[0083] In a case where the 2-speed gez;r stage is formed during the normal
operation, the SL 49, the SL (1) 44, and the SL (3) 46 are energized and the SL (2) 45 and
the SL (4) 47 are de-energized as illustrated in the operation table. in FIG. 3. When the SL
49 is energized, the modulator pressure is supplied to the SL port (R) 53, the modulator

pressure exceeds the biasing force of the spring 58,> and the solenoid relay valve 52 is in a

state illustrated on the right side in FIG. 5. In this state, the SL1 port (R) 54 and the

output port (R) 56 are blocked from each other and the modulator port 55 and the output

- port (R) 56 communicate with each other. Accordingly, the modulator pressure is

supplied to the reIay port (C) 63 of the clutch control valve 59 and the relay port (S) 79 of

the sequence valve 68 via the modulator oil passage 24, the modulator port 55, the output
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port (R) 56, and the ‘relay-oil passage 30. In addition, the SL1 pressure is supplied to the
SLl port (S) 69 of the sequeﬁce valve 68 via the SL1 oil passage 25 since the SL (1)-44 is
energized. . - ' |

[0084] | Although the modulator pressure is supplied to the rélay port (C) 63 of the
clutch control valvev 59, the clutch contrbl valve 59 is in a state illustrated on the left side "‘
FIG. 5 with the biasing force of the spring 67 exceeding the modulator pressure. In this ‘
state, the D port 60 and the low-speed stage port (C) 61 communicate with each other and

the D port 60 and the high-speed stage port (C) 62 are blocked from each other.

‘Accordingly, the D-range pressure is supplied to the low-speed stage port (S) 70 of the -

sequence valve 68.

[0085] - Although the SLT presSure is supplied from the SLT 48 to the SLT port 78
of the séquence valve 68 via the SLT oil f)assage 28, the éequehce valve 68 is in a state
illustrated on the right v.side in FIG. 5 (normal position) since the modulator pressure is
supplied to the relay port (S) 79. ‘

[0086] In this state, the SL1 port (S) 69 and the C1 port 71 communicate with - |
each other and the low-speed stage port (S) 70 and the C1 port 71 aré blocked from each
other. Since the SL1 pressure is supplied to the SL1 po‘rtb (S) 69, the SL1 pressure is
supplied to thé C1 hydraulic servo 38 and the C1 clutch is engaged. |

[0087] Although. th.e SL2 port 72 and the C2 port 74 communicate with each
other in this staté, no hydraulic pressure is supplied to the C2 hydraulic servo 39 and the

C2 clutch is in the release state since the SL (2) 45 is de-energized. In addition, although.

‘the PL port 76 and the B1 port 77 are blocked from each other and the SL4 port 75 and the

B1 port 77 communicate with each other in this state, no hydraulic pressure is supplied to
the B1 hydraﬁlié servo 40 and the B1 brake is in the release state since the SL (4) 47 is
de-energized. In addition, the SL (3) 46 is de-energized in this state, and thus the

hydraulic pressure that is adjusted to a constant pres'surevby the SL (3) 46 (hereinafter, also

 referred to as SL3 pressure) iS supplied to the B2 hydraulic servo 41 and the B2 brake is

. engaged.

[0088] The ‘2-speed gear’stage,is formed when the C1 clutch and the B2 brake are
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~ engaged and the C2 clutch and the B1 brake are in the release state as described above.

[0089] A case where the 3-speed ‘gear stage is formed during the normal opei’ation
is different from the case where the 2-speed gear stage is formed only in that the SL (3) 46
is cie-energized and the SL (4) 47 is energized. As in the case of the formation of the

2-speed gear stage, the sequence valve 68 is in a state illustrated on the right side in FIG. 5

- (normal position), and thus the SL4 port 75 and the Bl port 77 communicate with each

other, the hydraulic pressure that is adjusted to a constant pressﬂr’e by the SL (4) 47

~ (hereinafter, also referred to as SL4 pressure) is supplied from the SL (4) 47 to the Bl

hydraulic servo 40, and the B1 brake is engaged. Since the SL (3) 46 is de-énergized, no
hydraulic pressure is supplied to the B2 vh"ydraulic servo 41 and the B2 brake is in the

release state. ' The other operations are the same as in the case of the formation of the

: 2-speéd gear stage. Acéordingly, detailed description thereof will not be repeated herein.

[0090] © The 3-speéd gear stage is formed when the C1 clutch and the B1 brake are
cngéged énd the C2 clutch and the B2 brake are in the release state as deséribed above.

| [0091]_ A case where the 4-speed gear stage is formed during the normal operation

is different from the case where the 2-speed gear stage is formed only in that the SL (3) 46

is de-energized and the SL (2) 45 is energized; As in thé case of the fonﬁation of the

2-speed gear stage, the sequence valve 68 is in a state illustrated on the right side in FIG. 4

(normal position), and thus the SL2 port 72 and the C2 porf 74 communicate with each

othér, the hydraulic pressure that is adjusted to a constant pressure by the SL ) 45

 (hereinafter, also referred to as SL2 pressure) is supplied from the SL (2) 45 to the c2

hydraulic servo 39, and the C2 clutch is engaged. Since the SL (3) 46 is de-energized, no
hydraulic pressure is supplied to the B2.hydréulic servo 41 and the B2 brake is in the |
'releaée ‘statc. The ot'her operations are the' same as in the caée of the formation of the
2-speed gear stage.  Accordingly, detailed description tﬁereof willl not be répeated herein.

; [0092]  The 4-speed gear stage is formed when the C1 clutch and the C2 clutch are

engaged and the B1 brake and the B2 brake are in the release state as described above.

[0093] In a case where the 5-speed gear stage is formed during the normal

~ operation, the SL 49, the SL (2) 45, and the SL (4) 47 are energized and the SL (1) 44 and
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the SL (3) 46 are de-energized as illustrated in the operation table in FIG. 3. When the SL
49 is energized, the modulator pressure is supplied to the SL port (R) 53, and thus the :
modulator pressure exceeds the biasing force of the spring 58 and the solenoxd relay valve

52 is in a state 1llustrated on the nght side in FIG. 5. In thls state, the SL1 port (R) 54 and

 the output port (R) 56 are blocked from each other and the modulator port 55 and the

output port (R) 56 communicate with each other. Accordingly, the modulator pressure is

supplied to the relay port (C) 63 of the clutch control valve 59 and the relay port (S) 79 of

- the sequence valve 68 via the modulator oil passage 24, the modulator port 55, the output

port (R) 56, and the relay oil passage 30. In addition, the SL2 pressure is supplied to the
SL2 port 72 of the sequence valve 68 via the SL2 oil passage 26 since the SL (245 is
energized. In addition, the SLA4 pressure is supplied to the SL4 port 75 of the sequence
valve 68 via the SL4 oil passege 27 since the SLV (4) 47 is energized. | |

[0094]  Since the medulator pressure correspondidg to the 5-speed gear stage is
supplied to the relely port (C) 63 of the clutch control valve 59, the modulator pressure
exceeds the biasing force of the spfing 67 and the clutch -control valve 59 is in a state

illustrated on the right side in FIG. 5. In this state, the D port 60 and the high-speed stage

| port (C) 62 communicate with each other and the D port 60 and the low-speed stage port

(©) 61 are blocked from each other. Accordingly, the D-range pressure is supplied to the

‘high-speed stage port (S) 73 of the sequence valve 68.

[0095] In this case, a part of the D-range pressure that flows in the high-speed

stage oil passage 32 returns to the lock ‘port 64 of the clutch conirol valve 59. A force that

- maintains the clutch control valve 59 in a state illustrated on the right side in FIG. 5 acts in

this manner.

[0096]  Although the SLT pressure is supplied from the SLT 48 to the SLT port 78
of the sequence valve 68 via the SLT oil passage 28, the sequence valve 68 is in a state
illustrated oﬁ the right side in FIG. 5 (normal position) since' the modulator pressure is
supplied to the relay port (S) 79.

| [0097] In this state, the SL2 poﬁ 72 end the CZ port 74 communicate with each
other and the high-speed stage port (S) 73 and the C\2I poft 74 are blocked from each other.
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Since the SL2 pressure is supplied to the SL2 port 72, the SL2 pressufe i§ supplied to the |
C2 hydraulic servo 39 and the C2 clutch is engaged. In.addition, although the SL1 port
(S) 69 and the C1 ‘port 71 communicate with each other in this state, no hydraulic pressure
is supplied to the Cl hydraulic servo 38 since the SL (1)44 is de-energized, and the C1
clutch is in the release state. - In addition, the PL port 76 and the B1 port 77 are blocked
from each other and the SI4 port 75 and the B1 port 77 communicate with each other in
this state. Since the SL‘(4) 47 is energized, the SL4 pressﬁre is supplied to the B1
hydraulic servo 40 and the Bl brake is engaged. In addition, the SL (3) 46’ is .
de-energized in this state, and tﬁus no hydréulic pressure is supplied to the B2 h);draulic
servo 41 and the B2 brake is in the release state. \

[0098]  The 5-speed gear stage is formed when the C2 clutch and the B1 brake are
engaged and the C1 clutch and the B2 brake are in the release state as described above.

[0099] A case where the 6-speéd gear stage is formed during the normal operation
is different from the case where the S-Speed gear stage is formed only in that the SL 4) 47
is de-energized and the SL (3) 46 is energized. As in the case of the formation of the
5-speed gear stage, the sequence valve 68 is in a state illustrated on the right side in FIG. 5

(normal position), and thus the SI4 port 75 and the B1 port 77 communicate with each"

~ other. However, no hydraulic pressufe is supplied to the B1 hydraulic servo 40 since the

SL (4) 47 is de-energized, and the B1 brake is in the release state. When the SL (3) 46 is
energized, the SL3 pfessure is sﬁpplied from the SL (3) 46 to the B2 Ahydraulic servo 41

and the B2 brake is engaged. The other operations are the same as in the case of the -

formation of the 5-speed geér stage. - Accordingly, detailed description thereof will not be
repeated herein.
[0100] The 6-speed gear stage is formed when the C2 clutch and the B2 brake are
engaged and fhe C1 clutch and the B1 brake are in the release state as described above.
| [0101] cht, the gear stage that is formed in a case where wan'electric;al failure in
which all of the linear solenoid valves are de-energized (all failure) occurs will be
described.

[0102] It is assumed that the all failure occurs in a case where any one of the 1- to
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4-speed gear stagcsbisl formed. In this casé, no hydraulic pressure is supplied to the SL
port. (R) 53 since the SL 49 is de-energized, and the solenoid relay valve 52 is in a state
illustrated on the left side in FIG. 5 due to the biasing force of the spring 58. Accordingly,
the solenoid relay valve 52 is maintainéd in a-state jllustrated on the left side in ‘FIG.\S ina
case where the 1-speed gear stage is formed, and the soienoid relay valve ‘52-is' switched
from a state illustrated on the 'right side in FIG. 5 to a state illustrated on the left side in FIG.
5in a case where any one of the 2- to 4-speed gear stages is formed. - |
[0103]  In this state, the SL1 port (R) 54 and the output port (R) 56 communicate
with each other and the modulator port 55 énd the output port (R) 56 are blocked from

each other.  Since all of the linear solenoid valves are de-energized, the SL1 pressure that

- is supplied from the SL (1) 44 is discharged from a drain port (not illustrated) of the SL (1)

15

- 20-

25

44 in a case where the 1-speed gear stage is formed. In a case where any one of the 2- to

4-speed gear stages is formed, the supply of the modulator pressure from the output port

‘ (R) 56 is stopped since the modulat’or porf 55 and the output port (R) 56 are blocked from

éach other. Accordingly, both the SL1 pressure and the modulator presSure are not
sﬁpplicd to the relay port (C) 63‘of the clutch control valve 59 and the 'relay port (S) 79 of
the sequence valve 68. In addition, the SL1 pressure is not supplied to the SL1 pbrt S)
69 of the sequence valve 68. | |
[0104] In this case, the. clutch c_ontrol valve 59 is maintained in a state illustréted'

on the left side in FIG. 5 due to the biasing force of the spring 67. Accordingly, the D

- port 60 and the low-speed stage port (C) 61 communicate with each other and the D port

60 and the high.-vspee‘d stage port (C) 62 are blocked from each dther as in a case where any
one of the 1- to 4-speed gear stages is formed during the normal operation. The D-range
pressure is sﬁpplied to the low-speed stage po.rtv(S) 70 of the sequence valve 68 iﬁ this
manner. _

[0105] ~ Since both SLl préssure and the fnodulatof pressure are not supplied to th¢
relay port (S) 79 of the sequence valve 68 and the SLT 48 is de-energized, the SLT pressure
that reaches the highest valge is supplied to thersLT port 78, and thus fhe SLT pressure

exceeds the biasing force of the spring 82 and the sequence valve 68 is switched to a state
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illustrated on the left side in FIG. 5 (failure position).
[o106] In. this state, the low-speed stage port (S) 70 and the C1 port 71
communicate with each other and the SL1 port (S) 69 and the C1 port 71 are blocked from

each other. Since the D-range pressure is supplied to the low-speed stagé port (S) 70, the

‘D-range pressure is supplied to the C1 hydfaulic servo 38 and the C1 clutch is engaged.

In addition, the SL2 port 72 and the C2 port 74 are blocked fromk eacﬁ other and the
high-speed stage port (S) 73 and the C2 port ‘74 communicate with each other in this state.
However, no hydraulic pressure‘is supplied to the C2 hydraulic servo 39' since no hydraulic
pfessure is supplied to the high-speed stage port (S) 73, and the C2 clutch is in the releaée
state. In addition, the SL4 port 75 and the B1 port 77 are bldcked from each other and the
PL port 76 and the B1 port 77 commgnicate with each other in this state. Since the line
preséure is supplied to the PL port 76, the line pressure is suppiied to the B1 hydraulic
Servo 40, and the B1 brake is engaged. In addition, the SL (3) 46 is de-energized in this |
state, and thus no hydrélulic pressure is supplied to the B2 hydraulic servo 41, and the B2
brake is in the release state. - . | | |
[0107]  The 3-speed gear stage (specific gear shift stage) is formed when the c1
clutch and the Bl_Brake are engaged and the C2 clutch and the B2 brake are in the release
state as desCrib‘ed above. In other words, upshift to the 3-speed gear stage occurs in a
case where the 1-speed gear stage or the 2-speed gear stage is formed, the _3-speed gear
stage is mainfained in a case where the 3-speed geaf stage is foﬁﬁed, and downshift to the

3-speed gear stage occurs in'a case where the 4-speed gear stage is formed. In this

‘manner, the vehicle can continue traveling even in a case where the all failure occurs

during low-speed traveling (when the 1- to 4-speed gear stages are formed).

[0108] It is assumed that the all failure occurs in a case Where the 5-speed or
6-speed gear stage is formed. In this case, no hydraulic pressure is supplied to the SL port
(R) 53 since the SL 49 is de-energized, and thus the solenoid relay valve 52 is in a state
illustrated on the left side in FIG. 5 due to the biasing force of the spring 58. Accofdingly,
the solenoid relay valve 52 is switched from a state illustrated oﬁ the right side in FIG. 5 to

a state illustrated on the left side in FIG. 5
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[0109]  In this state, the SL1 port (R) 54 and the output port (R) 56 communicate
with each other and the modulator port 55 and the output port (R) 56 are blocked from -
each other. _Since the modulator port 55 and the output port (R) 56 are blocked from each

other, the supply of the modulator pressure from the output port (R) 56 is stopped. In

‘ addition, the SL1 pressure is not supplied from the SL (1) 44 since all of the linear

solenoids are de-energized. Accordmgly, both the SL1 pressure and the modulator

pressure are not supplied to the relay port (C) 63 of the clutch control valve 59 and the

~ relay port (S) 79 of the sequence valve 68.

[0110] Although both the SL1 pressure and the modulator pressure are not
suppiied to the clutch control valve 59 in this case, a force that niaintains the spool 81 on
the lower side in FIG. 5 acts due to the hydra\ﬂic pressure that is supplied to the lock port
64, and thus the clutch control valve 59 is mamtamed in a state illustrated on the right side
in FIG. 5. Accordmgly, the D port 60 and the hlgh-speed stage port (C) 62 commumcate
with each other and the D port 60 and thc low-speed stage port (C) 61 are blocked from
each other as in the case where the 5-speedior 6-speed gear stage is formed during the

normal operation. The D-range pressure is supplied to the high-speed stage port (S) 73 of

- the sequence valve 68 in this manner.

[o111] Since both the SL1 pressure and the modulator presshre are.not supplied to
the relay bort (S) 79 of the sequence valve 68 and the SLT 48 is de-énergized, the SLT
pressure ‘that reaches the highest value is supplied to the SLT port 78, the SLT pressure
exceeds the biasing force of the épring 82, and the sequence valve 68 is/switched to a state
illustrated on the left side in FIG. 5 (failure position).

[0112] In this state, the high-speed stage port (S) 73 and the C2 port 74
communicate with each other and the SL2 port 72 and the C2 port 74 are blocked from
each other. Since the D-range pressure is supplied to the high-speed stage pdrt (S) 73, the
D-range preséurc is supplied to the C2 hydraulic servo 39, and the C2 clutch is engaged."
In addition, the SL1 port (S) 69 and thé C1 port 71 are’ blocked from each other énd the

low-speed stage‘port (S) 70 and the C1 port 71 communicate with each other in this state.

However, since no hydraulic preséure is supplied to the low-speed stage port (S) 70, no
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hydraulic pressure is supplied to the C1 hydraulic servo 38, and the C1 clutch ‘is in t‘he
releaée state. In addition, the SL4 port 75 'aind the B1 port 77 are blocked from eacﬁ'oiher :
and the PL port 76 and the Bl port 77 cdmmunicate with each other in this state.” Since
the line pressure is supplied’ to the PL ﬁort 76, the -line pressure is supplied to the Bl
hydraulic servo 40, and the Bl brake is engagcd. In addition, the SL (3) 46 is
d¢-’ene‘rgized in this state, and thus no hydraulic pfeésure is supplied to the B2 hydraulic
SEervo 41, and the B2 brake is in the release »sta..te. ‘ |

~ {0113]  The 5-spee(i gear stage (specific .gear shift stage) is formed when the C2
clutch and the B1 brake are engaged and the C1 clutch and the B2 brake are iﬁ’the release

state as described above. In other words, the 5-speed gear stage is maintained in a case

‘where the 5-speed gear stage is formed, and downshift to the 5-speed gear stage occurs in a

' case where the 6-speed gear stage is formed. In this manner, the vehicle can continue

travéling even in a case where the all failure occifrs during high-speed traveling (when the
5-speed or 6-speed gear stage is formed). | |
[0114] The limp mode is also formed in the vehicle of this embodiméht s0 that
the vehicle can be re-started even in a case where the all failure occurs.  Specifically, the
D-range pressure is discharged from the D-range oil“passage 23, the lock pressure is
discharged from the lbck port 64, and the clutch control valve 59 is configured to be in a
state illustrated on the left side in FIG. 5 due to the biasing force of the spring 67 when the
manual valve 42 is operated to the neutral position after the occurrence of the all failure.
Accordingly, in the vehicle of this ‘em:bodiment, thé hydfauﬁc pressure is supplied from the

D-range oil passage 23 to the C1 hydraulic servo 38, the 3-speed gear stage is formed, and

‘the vehicle can be re-started when the supply of the hydraulic pressure to the D-range oil

passage 23 is resumed. |

[0115] Aé described above, the limp mo‘de is formed in the vehicle of this-
embodiment so that the vehicle can be re-started even in a case wﬁere the all failure occurs.
However, the following problem. may arise in a caselwhe're some of the hormally closed
linear solenoid valveé blocking the hydraulic pressure during de-energization fails

(hereinafter, also referred to as partial failure).
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[0116] It is assumed that the partial failure in which the SL 49, which isAthe
normally closed linear solenoid valve, is dé-energized occﬁrs during high-speed traveling
(for example, when the 6-speed gear stage is formed). In this case, no hydraulic pressure
is supplied to the SL port (R) 53, and thus the solenoid relay valve 52 is switched from a
state illustrated on the right side in FIG. 5 fo a state illustrated on the left side in FIG. 5 due
to the biasing force of the spring 58. _ | | |

| [0117] In this state,_the SL1 port (R) 54 and the output port (R) 56 conimunicéte
with each other and the ‘modulator port 55 and the output port (R) 56 are blocked from
each 6ther, ana thus the supply of the modulator pressure from the output port (R) 56 is
stdpped. In addition, the SL1 pressure is not supplied from the SL (1) 44 since the
6-speed gear stage is formed. Accordingly, both the SL1 presSure and the _modulétor ‘
pressure are not supplied to thé relay port (C) 63 of the clutch cdnfrol valve 59 and the
relay port (S) 79 of the sequence valve 68. | | |

[0118] In this case, both the SL1 pressure and the m;)dulator pressure are not

supplied to the clutch control valve 59. However, the force that maintains the spool 81 on

.the lower side in FIG. 5 acts due to the lock pressure, and thus the clutch control valve 59

is maintained in a state illustrated on the right side in FIG. 5. In addition, although' both
the SL1 pressure and the modulator pressure are not supplied to the relay port (S) 79 of the
sequence valve 68, the sequerice vzﬂve 68 is maintained in a state illustrated on the right

side in FIG. 5 due to the biasing force of the spring 82 insofar as.the SLT pressure is lower

than the limp mode formihg pressure.

[0119] In this manner, the 6-speed gear stage can be maintained as in the normal

,operafion even when the SL 49 fails insofar as the SLT pressure is lower than the limp

mode forming pressure. |

‘ [0120] A case where the driver in this Situation moves the shift lever 94 from a D
(drive) range to an N (neutral) range in, for example, a misoperation or by intention on a
long downhill on én expressway and the liké and then returns the shift lever 94 back to the
D range while maintaining the high-speed state is éssumed. | |

[0121] In this case, the seqpenée valve 68 is maintained in a state illustrated on
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the right.side in FIG. 5 (normal position) insofar as the SLT pressure is lower than the limp
mode forming pressure. The 6-speed gear stage can be. formed again based on the»
variogram in FIG. 4 depending on the accelerator operation ‘amount ACC (%) and the
vehicle speed V (km/h) during the returning of the shift lever 94 to the D range.

[0122] In order to moVe the shift lever 94 from the D range to the N rémgc, the

~ manual valve 42 is.operated to the neutral position (N), the D-range pressure is discharged

from the D-range oil passage 23, and the lock ;;ressure"is diséharged from the lock port 64
as a result. Since both the SL1 pressure and the modulator pressure are not supplied to
the clutch control valve 59, the clutch control valve 59 is switched to a state illustrated on
thé left side in FIG. 5, thét is, a state where the D pdn 60 and the low-speed stage port (C)
61 communicate with each other and the D port 60 and the high-speed stage port (C) 62 are
blocked fro‘m.each other, despite the formation of the 6-speed gear stage. '

[0123]  When the driver steps on the accelerator pedal 96 and the SLT pressure
increases to larger than or equal to the limp‘ mode forming pressure in this situation, the
sequence valve 68 is éWitched to a state illustrated on the left side in FIG. 5 énd downshift
from the 6-speed gear stage to the 3-speed gear stage occurs at once. “In this manner, the
all fa,ilurelcauses the 5-speed geér stage to be formed and the partial‘faih‘lre causes the limp
mode to be unexpectedly formed to résult in downshift to the 3-Speed gear stage during the
travelipg in the 6-Speed gear stage. As a result, over-revolution of the enginé 1 maynb.ccur.
This problem may also arise when the S-speed gear Stagc is formed.

[0124] In this embodimenf, the sequence Qélve 68 is switched to the normal
pos‘ition in a case where downshift to the specific gear shift stage not corresponding to the
current gear stage occurs during the partial failure. S'pecifically, the ECU 9 is configured
to limit the SLT pressure so that the sequence val‘./e 68 is switched to .th'e normal position
in a case where the sequence valve 68 is switched to the failure position due to the SLT
pressure, downshift to the specific gear shift Stage not corresponding_to the current gear
shift ‘stage occurs, and the engine spéed Ne becomes larger than or equal to a
predetermined speed. during the partial failure in which the SL 49 is de-energized.

Hereinafter, this configuration will be described.
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. [0125] In thisaembodiment, the 3-speed gear stage that is formed dﬁring the all

failure with respect to the 1- to 4-speed gear stages and the 5-speed gear stage that is

formed during the all failure with respect to the 5- or 6-speed gear stage are examples of
the “specific gear shift stages corresponding in advance to the respective gear shift stages”

~of the invention. In this embodiment, the 3-speed gear stage that is formed in the limp

mode dﬁring the parﬁal failure with respect to the S-speed or 6-'sp\eedv gear stage is an

example of the “specific gear shift stage not corresponding to the current gear shift stage”

.of the invention.

[0126] The ECU 9 acquires the current gear stége of the automatic transinission 3
based oh tﬁe speed ratio (output speed/input speed) that is obtained from the detection -
signals of the turbine speed sensor 91 ahd the vehicle speed sensor 92 regardless of
whether or not the partial failure actually oceurs ‘during the tra\}elin'g of the vehicle, and
determines whether or not the current gear stage is a gear stage that is higher than the

specific gear shift stage (3-speed gear stage) which is formed in the limp mode. This

‘determination is performed because the over-revolution of the engine 1 does not occur in

the first place if the current gear stage is equal to or below the 3-speed gear sta‘ge.'

[0127]  If the current gear stage fs a gear stage that is higher than the 3-speed gear
stage, the over-revolution of the engine 1 may occur, and thus the ECU 9 calculates a
synchronization turbine speed Nt in the specific gear shift stage at the current vehicle speed
V. SpeCifiéally, the ECU 9 calculates the synchronization turbine speed Nt in a case
wh.ere the 3-speed gear stage is assumed to be formed at the currenf (for exarhple, when the
6-speed gear Stag'e is foﬁned) vehicle speed \% based -on the.speed of the ouiput rotary
member 12 of the automatic transmission 3 detected by the vehicle speed sensor 92 and the
respectivé‘ gear ratios pl, p2, and p3 of the first planetary gear device 15, the second
planetary gear devicé ‘16‘,' énd the third planetary gear device 17. The ECU 9 determines
whether or not the calculated synchronization turbine speed Nt is in an over-revolution area

(area of the turbine speed where the over-revolution of the engine 1 may occur that is

- defined based on an experiment or the like), and initiates monitoring of the engine speed

Ne if the synchronization turbine speed Nt is in the over-revolution area.
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[0128] The pqssibility of the synchronization turbine speed Nt in a case where the
3-speed gear stage is assumed to be formed at the vehicle speed V duﬁn’g the formation of
the 4-speed gear stage sbeing in the over-revolution area is extremely low, and thus the
monitoring of the engine speed Ne is initiated in a c;ase where the current gear stagé is the
5- or 6-speed gear stage in the vehicle on which the automatic trans'mission_ 3 capable of
foﬁyard 6-speed gear shift is mounted as in this embodimenf. |

[0129] - A case where the SL 49 fails, the SLT pressure increases by the driver

Stepping on the accelerator pedal 96, and the sequence valve 68 is switched to the failure

position (state illustrated on the left side in FIG. 5) is assumed. In this case, the ECU 9
determines that the limp mode is formed during the partial failure to lead to the
over-revblution‘ if thel enginc speed Né is larger than or equal to é predetermined speed.
The predctermined speed is a speed for determining the pdss_ibility of the occurrence of the
over-revolution of tl;_e engine 1 due to downshift. In this embodiment, the predetermined
speed is a speed that is below an oyef—revolution speed (highest .allowablev speed of the
internal combustioh engine defined based on an experiment or the like) and exceeds a fuel
cut speed (spe'c;d at which thé fuel ihjeétion frpm the injector is stoppéd) which is set to be
lower than the ovéf—revolution‘ speed. This détermination is possible because of the
following reason. | |

[0130] In this embodiment, the resultant force of the biasing force of the spring

82 and the SL1 pressure or the modulator pressure exceeds the SLT pressure in any case

~ insofar as the SL 49 is normal and the SL1 pressure or the modulator pressure is supplied

to the relay pbrt (S) 79 of the sequenée Vvalve 68, and thus the limp modc is not formed. If
the system is normal, the fuel injection from the injector is stopped when the engine speed .
Ne becomes larger than or equal to the fuel cut speed, and thus the engine speed Ne is |

below avpredete'rm‘ined speed in any case.. In this embodiment, the 3-speed gear stage is

~ formed in a case where the all failure occurs during low-spc;éd traveling (when the 1- to

4-speed gear stages are forn_ied) and the 5-speed gear stage is formed in a case where the
all failure occurs ddﬁng high-speed travvelin‘g (when the 5- or 6-speed gear stage is formed),

and thus no downshift from the 6-speed gear stage to the 3-speed gear stage occurs during



10

15

20

25

WO 2015/087125 PCT/IB2014/002651
33

the all failure. Therefore, it can be determined that the limp modé is formed during the
partial failure to lead to the ovcr—reslolution if the engine speed Ne becomes largér than or
equal to a prcdeterminéd speed during high-speed ;[raveling.

[0131] The case where it is determined that the limp mode _is formed during the
partial failure to lead to the over-revolution includes a case where the engine speed Ne
becomes larger than or equal to a predetermined speed during the course of the downshift
(before the completion of the downshift) to the 3-speed gear stage. |

./ [0132] When it is determined that the limp mode is formed during the partial
failure to lead to the over-revolution, the ECU 9 limits the target SLT pressure below the
limp mode forming pressure and performs energization control oﬁ thé ‘SLT 48 based on thve‘
limited target SLT préssur,e. The SLT pressure is limited through the limitation of the

target SLT press’urc' in this manner, and the sequence valve 68 returns to the normal

‘position. In this manner, the gear stage prior to the switch of the sequence valve 68 to the

failure position, that is, the 6-speed gear stage commensurate with the current vehicle -

speed V, is formed, and thus the over-revolution of the engine 1 attributable to the

.downshift to the specific géar shift stage during the partial failure can be suppressed.

[0133] In a case where the SLT pressure is lowered to cause engagement torque

capacity of the friction engagement device (for example, the C2 clutch and the B2 brake in

" the case of the 6-speed gear stage) to be insufficient in this case, the ECU 9 reduces output

torque of the engine 1. Specifically, the ECU 9 performs torque down control, by
controlling the throttle valve 89 to a closing side, ‘controlling the igniter 88 for ignition

timing retardation, or controlling the throttle valve 89 to a closing side and controlling the

/igniter 88 for ignition timing retardation at the same time, so that the output torque of the

engine 1 corresponds to the engagement tdrquc capacity achieved by the limited target SLT

pressure. |

[0134]  Next, a procedure of hydraulic control during the partial failure according
to this embodiment‘will be described along the ﬂowéhart in FIG. 6. This flowchart is
repeated af predetermined time intervals.

[0135] In Step S1, the ECU 9 acquires the current gear stage' of the automatic
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transmission 3 based on the speed ratio obtained from the detection signals of the turbiné,
speed sensor 91 and the vehicle speed sensor 92, and determines whether or not the current -
gear stage is a gear stage that is higher than an o stage (specific gear shift stage formed in

the limp mode (3-speed gear stage in this embodiment)). In a case where it is determined

- NO in Step S1, that is, in a case where the current gearétage is the 1- to 3-speed gear

stages, the over-rcvolﬁtion of the engine 1 does not occur even when the limp mode is
unexpectedly formed during the partial failure, andvthus the process proceeds tov RETURN
asitis. The process proceeds to Step S2 in a case whére it is determined YES in Step Slb.

- [0136] In ‘Step S2, the ECU 9 éalculates the synchronization turbine spée'd Nt iﬁ
the o stage at the current vehicle speed. Specifically, the ECU 9 calculates the
synchronization turbine speed Nt in a case where the « stage (3-speed gear stage) is
assumed to be formed'at the current (for example, when the 6-speed gear stage is fonned)
vehicle speed V based on the speed of the output rotary member 12 of the automatic
tténsmission 3 detected by the vehicle speed sensor 92 and the respective gear ratios p1, p2,
and p3 of the first to third planetary gear devices 15 to 17.

- [0137]  In Step S3, th_e, ECU 9 determines whether or not the Synchronization
turbine speed Nt in a case where the o staig‘e is assumed to be formed, which is calculated

in Step S2, is in the over-revolution area. The process proceeds to RETURN as it is in a

 case where it is determined NO in Step S3, for example, in a case where the current gear

stage is the 4-speed gear stage andthe» synchronization turbine speed Nt is not in the
over-revolution area despite the formation of the 3-speed gear stage. The process
proceeds to Step S4 in a case where it is determined YES in Step S3, for éxample, in a case

where the current gcar stage is the 5- or 6-sped gear stage and the synchronization turbine

speed Nt is in the over-revolution when the 3-speed gear stage is formed.

[0138]  In Step S4, the ECU 9 determines whether or not the current engine speed

Ne is larger than or equal to a prcdeteﬁnined speed. In a case where it is determined NO

in Step S4, the proceSs proceeds to RETURN as it is. In a éase_ where it is determined
YES in Step S4, the process proceeds to Step S5.
[0139]  In Step S5, the ECU 9 determines that the limp mode is formed during the
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~ partial failure to 1¢ad to the over-revolution. In Step S6, the ECU 9 limits the target SLT

pressure below the limp mode forming pressure regardless of the accelerator operation
amount ACC (%) by the driver. Then, the ECU 9 performs energization control on the
SLT 48 based on the limited target SLT pressure. |

‘ [0140] In Step S7, the ECU 9 determineé whether or not_the SLT pressure that is
directly detected by the oil pressure switch 84 is below the limp mode fdrming pressure.,
In a case where it is determined NO in Step S7,»the pfocess returns to Step S6, and the
control for limiting the target SLT pressure bélow the limp mode forming préssure'
continues. ‘In a case where it is determined YES in Step S7, the sequence valve 68 returns

to the normal position, the over-revolution of the engine 1 is avoided, the process proceeds

to Step S8, and the process proceeds to RETURN after the limitation of the farget SLT

" pressure is released. : _ )

[0141]  The sequence valve 68 is switched to a ‘st(ate illustrated on the right side in
FIG. 5 and, for example, the 6-speed gear stage is formed in a case where it is determined

YES in Step S7, that is, if the SLT pressure is below the limp mode forming pressure. In

' this case, the ECU 9 reduces the output torque of the engine 1 by, for example, controlling

the throttle valve 89 to the closing side in a case where the engagement ’torque capacity of

the C2 clutch and the B2 brake becomes insufficient due to the limitation of the target SLT

pressure.

[0142] In 'the embbdiment described above, the limitation of the target SLT

pressure is released in a case where the SLT pressure that is detected by the oil pressure

_switch 84 is below the limp mode forming pressure. However, the sequence valve 68

may be switched to the failure poSition and downshift to the 3-speed gear stage may occur
immediately after the SLT pressure rises again due to the stepping on the accelerator pedal
96 or the like. In this case, the target SLT pressure is to be limited again so that the
séquencé Val§e 68 is switched to the normal position. However, in this case, the switch of
the sequencev valve 68 to the failure position and the switch of the sequence valve 68 to the
normal position may be repeated insofar as the 5- or the 6-speed gear stage is maintained.

[0143] In this modification example, the limitation of the SLT 'pressure continues,
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even after the sequence valve 68 is sWitched to the normal position, until the gear stage
that is set according to the traveling state‘ of the vehicle becomes a target gear shift stage
corresponding in advance to .the 3-speed gear stage (spécific gear shift sfage) which is
formed in the limp mode during the partial failure. Specifically, the ECU 9 is configured -
to éontinue limiting the target SLT presSure, even after the sequence valve 68 is switched
to the normal pbsition (state illustrated on the right side in FIG. 5), until the current gear
stage is the 4-speed or lower gear stage where the over-revolution of the engine 1 does not
occur despite downshift to the 3-§peed gear stage. In this mannef, the repetition of the
switch of the sequence valve 68 to the failure position and the switch of the sequence valve
68 to the normal position caﬁ be suppréssed. |
[0144] The invention is not limited to the embodiment described above, and can

be embodied in various forms without departing from the spirit and principal features of
the invention. |

" [0145] A case where" the invention ‘is- applied to a FF vehicle on which the
automatic transmission 3 cabable of forward 6-speed gear shift is mounted has been
described in the embodiment described above. -However, the invention is not limited
thereto, and may also be applied to a vehicle on which an automatic transmission capable

of forward 5-speed gear shift, forward 8-speed gear shift, or the like is mounted and a

 front-engine rear-drive (FR) vehicle.

[0146] A case where the invention is applied to a Vehiclé provided with the

- gasoline engine 1 has been described in the embodiment described above. However, the

invention is not limited thereto, and may also be applied to a vehicle provided with a diesel
engine.

[0147] Ih the embodiment -described above, the target SLT pressure is limited

below the limp mode. forming pressure so that the sequence valve 68 is switched to the

normal position in a case where the engine speed Ne is larger than or equal to a

predetermined speed. However, the invention is not limited thereto. For example, the

~target SLT pressure méy be limited ‘immediately in a case where downshift from the

6-speed gear stage to the 3-speed gear stage is to occur. In the embodiment described
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above, the target SLT pressure is. limited below the limp mode fofming pressure so that the
sequence valve 68 is switched to the normal position in a case where the synchronization
turbine speed Nt is in the over-revolution area and the engine speed Ne is larger than or

equal to a predetermined speed. However, the invention is not limited thereto. For -

example, the target SLT pressure may be limited immediately in a case where downshift

from the 6-speed gear stage to the 3-speed gear stage is to occur. In this case, downshift
is prevented, and any increase in the engine speed Ne can be prevented in advance.

[0148] A case Where an electrical failure occurs only in the SL 49 has been

described in the-embodiment described above. However, the invention is not limited

thereto. For examplé, the invention‘ can be applied also to a case where an electrical
failure occurs in the S‘L' 49 and the SL (1) 44 during the formation of the 5-speed or

6-speed gear stage and a case where an electrical failure occurs in the SL 49 and the SL (3)

46 during the formation of the 5-speed gear stage.

[0149] As described above, the embodiment described above is in_erely an -
example in any aspect ahd is not to be construed as limitiﬁg the invention. Any
modification and chahge pertaining to a scope equivalent to the scope of claims are within
the scope of the irivention.

[0150] Accordihg to the invention, the over-revolution attributéble to downshift
to the specific geéf shift étagc can be suppressed by using the simple configuratibn. - The
invention is highly advantageous when applied to a control device for a vehicie that is
capable of forming a specific gear shift stage in a case where an electrical failure occurs in
a solenoid valve.

[0151] _Hereih, the control device for a vehicle according to the invention will be

further described. The control device returns the switching valve to the normal position

in the case of doWnshift to the specific gear shift stage not corresponding to the current

gear shift stage during the partial failure.
[0152] Specifically,' the invention is for a control device that is applied to a
vehicle which is provided with an internal combustion engine, and an automatic

transmission having a switching valve switched between a normal position and a failure
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position according to a first hydraulic pressure supplied by controlling a normally closed
solenoid valve and a second hydraulic pressure supplied from a normally open solenoid
valve. | o |

[0153] The switching valve is configured to be switched from the normal position
at which gear shift stages set .according to traveling states of the vehicle are formed to the
failure position at which specific gear shift stages corresponding in advance to the
respective gear shift stages are formed during all .failurve in which all of the solenoid valves
including the normally closed and normally open solehoid valves are de-energized.

[0154]) The control device iimits the Second hydraulic press.u‘re so that the
switching valve is switched to the normal position in a case where the switching valve is

switched to the failure position due to the second hydraulic pressure and downshift to the

specific gear shift stage not corresponding to the current gear shift stage occurs during the

‘ partiaI failure in which the normally closed solenoid valve is de-energized.

- [0155)  Herein, examples of the “specific gear shift stages corresponding in

advance to the respective gear shift stages” include a specific low-speed stage (any one of

"1 to M) that is formed in a case where th_é all failure occurs during the formation of 1- to

M-speed stages (low-speed stages) in the automatic transmission capable of forward
N-speed géar shift, M and N being integers (1<M<N), and may also’include a specific
High—speed stage (any one of M+1 to N) that is formed in a case where the all'_faililré
occurs during the fofrnation of M+1- to N-speed stages (high-speed stages). When it
comes to the “specific gear shift stages”, three. géar- shift stages may be set to correspond to
the low-speed stage, a medium-speed stage, and the high-speed stage. - Alternatively, four
or more gear shift stages may be set.

[0156]  The “current gear shift stage” means a gear shift Stage that is formed when
the switching valve is in the normal position i’mmedia’tely‘ before the switching valve is
switched to the failure position due to the second hydraulic pressure during the partial
failure. |

- [0187]  In the example describéd above, the “downshift to the specific gear shift

stage not corresponding to the current gear shift stage” means downshift to the specific
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low-speed stage during the formation of the M+1- to N-speed stages (high-spééd stages).
[0158]  According to this configurationv,' the second hydraulic pressure is limited
so that the switching valve is switched (returns) to the normal position in a case where the

switching valve is switched to the failure position due to the second hydraulic pressure and

\unexpe‘cted downshift to the specific gear shift stage is to occur during the partial failure,

and thus the gear shift stage prior to the switch of the switching valve to the failure
position can be formed. In this manner, the gear shift stage commensurate with the
current vehicle speed is formed, and thus the over-revolution of the internal combustion

éngine attributable to downshift to the specific geai shift stage during the partial failure can

_be suppressed.

[0159] The switching valve returns to the normal position by limiting the second

~ hydraulic pressure that is supplied from the normally open solenoid valve, without

increasing the number of valves or the like constituting the hydraulic circuit, and thus the
hydraulic circuit, the oil p'assage,‘ and the control can be simplified.

[0160] - As described above, the over’-reizolution of the intcfnal combustion engine
attributable to downshift to the speéific gear shift stage duiing the partial failure can be
suppressed by using the simple configuration. '

[0161] In »the control device, the second hydraulic‘ pressure is limited so that the
switching valve is S\ijitched to the npnnal position in a case where downshift to the specific
gear shift stage causes the output speed of the internal combustion engine to become lafger
than or equ’él to'a predeterriiined speed during the partial failure.

[0162] Herein, the “predetermined speed” is a speed for determinirig the

possibility of the occurrence of the over-revolution of the internal combustion engine due

- to downshift. For example, the predetermined speed may be a speed that is below the

* highest all(iwable speed of the internal combustion engine defined based on an experiment

or the like (over—revoiution speed) and exceeds a fuel cut spéed (speed at which the fuel
injection from the injector is stopped) which is set to be lower than the highest allowable
speed.

[0163] The “case where ddwnshift to the specific gear shift stage causes the
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output speed of the internal comt;ustion engine to become larger than or. equal to a
predetermined speed” includes a case where the output speed of the internal combustion’
engine becomes larger than or equal to a predetermined speed through downshift to the
specific gear shift stage because the output speed of the internal combustion engine prior to
the switch of the switching valve to the failure position is relatively low and a cése where
the output speedv of the internal combustion engine becomes larger than or equal to a
predetermined speed dijring the course of the downshift (before the completion of the
downshift) to the specific gear shift stage because the output speed of the internal
combustion engine prior to the switch of the switching valve to the failure position is
relatively high.

t0164] According to this configuration, the second hydraulic pressure is limited
not in the case of simple downshift to the specific gear shift stage not corresponding to the
current gear shift stage but in a case where downshift to the specific gear shift stage causes
the output speed of the internal coﬁlbustion engine to be'comé .larger than or equal to a
predetermined speed, and thus fhe limitation of the second hydraulic pressure can become
less frequent. In this mannér, the over-revohiﬁdn of the internal combustion engine
attributable to downshift to the specific géar shift stage can be suppressed’ while, for
example, deterioration in drivability caused by lowering of the output torque of the internal
corﬁbustion engine attributable to hydraulic pressure limitation is suppressed.

[0165] In the configuratiqn described above, the over-revolution of the internal
combustion engine can b:e suppressed by limiting the second hydraulic pfessure and
switching‘ the switching vaivé to the ﬁo‘rnial position. However, the switching valve méy
be swit_chéd tb the failure position and downshift to the specific gear shift stage may occur
immediately after the second hydraulic pressure rises due to the stepping. on the accelerator
pedal or the like. In this case, the seéond hydraulic presSure is to be limited again so that
the switching valve is switched to the normal position. However, in this case, the switch
to the failure position due to the rise in the second hydraulic pressure and the switch to the

normal position due to the limitation of the second hydraulic pressure may be repeated

~ insofar as the high-speed stages (M+1- to N-speed stages) are formed.
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[0166] The control device described above may continue limiting the second
hydraulié pressure, even after the switching valve is switched to the normal position, until
the gear shift stage that is set éccording to the traveling state of the vehicle becomes a
targét gear shift stage corresponding in advance to the specific gear shift stage which is
formed whenk the switching valve is switched to the failure position during the partial
failure. |

[0167]  In the example describbedvabové, the “target gear shift stage” may be the 1-
to M-speed stages cdrresponding to the specific lrow-speed ‘s‘tagle.s.v .

[0168] According to this énnfiguration, the 'limitation of the second hydraulic
pressure continues until the gear shift stage after the switch of the switching valve to the
normal position becofnes the target gear shift vstage where the over-revolution does not

occur, and thus the repetition of the switch of the switching valve to the failure position

~ and the switch of the switching valve to the normal position can be suppressed.

[0169] The antnmatic'transmiss'ion described above has a frintion engagement
device, and‘ e’ngagemevnt torque capacity of the friction engagement device ‘changes
accoiding to the second hydraulic pressuré. It is preferable that thc.ouiput. torque of the
internal combustion enéine be reduced in a case where the engagement torqué capacity of
the friction engagement de\?icc becomes insufficient due to the limitation of the sécond
hydraulic pressure. v » |

[0170] | The engagement torque capacity of fhe friction engagement device that is
involved in the gear shift. is controlled according to input torciué of the automatic
transmission. The input torque of the automatic transmission is equal to the output torque
of the internal combustion engine or a value that is obtained by multiplying the output
torque nf the int'emnl combusfion engine and an amplification factor. According to this

configuraiion, slipping of the friction engagement device can be prevented by reduéing the

output torque of the internal combustion engine in a case where the engagement torque

capacity of the friction engagement device becomes insufficient due to the limitation of the

second hydraulic pressure.

[0171] | In a gasoline engine, for example, the reduction of the dutput torque of the
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internal combustlon englne may be performed by controlllng a throttle valve to a closing
side, may be performed by retarding ignition timing, or may be performed by controlhng a
throttle valve to a closmg side and retarding ignition t1mmg at the same time.

[0172] As described above, over-revolution attributable to downshift to to a
specific. gear shlft stage can be suppressed by a 51mple configuration accordmg to the

control device for a vehicle accordlng to the 1nvent10n
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CLAIMS:

1. A control device for a vehicle, the vehicle being provided with an internal
combustion engine, and.an automatic trahsmissibn, the ahtomatic transmission having a
switching valve switched between a normal position and a failure position accordihg toa
first ‘hydraulic pressure and a second hydraulic preésqre, the first hydraulic pressure being
hydraulic pressure supplied to the switching valve by controlling a first valve, the second
hydraulic pressufe being hydraulic pressure sdpplied to the switching‘valve by controlling
a s_eeond valve, the first valve being a normally closed solenoid valve, the second valve
beihg a normally open solenoid valve, the switchihg valve being configured to be

switched from the normal position to the failure poSition during all failure in which all of .

‘the solenoid valves including the first valve and the second valve are de-energized, the

automatic transmission being.configured to be set to gear shift stages cofrespondihg to
travehng states of the vehicle when the sw1tchmg valve is at the normal position, and the
automatic - transm1ss1on being configured to be set to specific gear shift stages
corresponding in advance to the respective gear shift stages when the sw1tch1ng valve is at
the failure position, the control device comprising

an electronic control unit configured to limit the second hydraulic pressure such that ,
the switching valve is switched to the normal position when following conditions i) and ii)
are satisfied:

i) during parfial failure in which the first valve is de-energized, and

ii) when the switching valve is switched to the failu__re position due to the second
hydraulic pressure and the automatic transmission is downshifted to the speeific gear shift

stage not corresponding to a current gear shift stage.

- 2. The control device according to claim 1,
wherein the electronic control unit is configured to limit the second hydraulic
pressure such that the switching -valve is switched to the normal position when the

following conditions iii) and iv) are satisfied:
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iii) during the partial failure, and

iv) when the automatic transmission is downshifted to the specific gear shift stage not

~ corresponding to the current gear shift stage and an output speed of the internal combustion

engine becomes larger than or equal to a predetermined speed.

3. The control device according to claim 1 or 2,

v

wherein the electronic control unit is configured to continue limiting the second

- hydraulic pressure, after the switching valve is switched to the normal ‘position, until the

following condition v) is satisfied:

V) thcl gear shift stage set according to the traveling ‘state‘of the vehicle becomes equal
to a target gear shift stage, wherein the target shift stage corresponds to the specific_ gear
shift stage in advanqe, and the specific gezir shift is set when the switching valve is

switched to the failure position during the partial failure.

4. The control device according to.any one of claims 1to 3,

wherein the automatic transmission has a friction engagemgznt device with
engagement tdrque capacity changing according td the second hydraulic pressure, and |

the electronic control unit is configured to reduce output vtorque of the internal
combustion engine in a case where the engagement torque capacity of the friction -
engagement device becomes insufficient due to the limitation of t‘he second hydraulic

pressure by the electronic control unit.

5. A control method for a vehicle, the vehicle being provided with an iniernal
combustion engine, an automatic transmission, and an electronic control unit, the
automatic transmission having a switching valve ;witched between a normal position and a
failure po‘sitvion according to a first hydraulic pressure and a second hydraulic pressure, the

first hy‘drau'lic‘ pressure being hydr'auylic pressure supplied to the switching valve by

controlling a first valve,vthe second hydraulic pressure bcing' hydraulic pressure supplied to

the switching valve by controlling a'second valve, the first valve being a normally closed
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solenoid valve, the second valve being a normally open solenoid valve, the switching

valve being configured to be switched from the normal position to the failure position

\durmg all failure in which all of the solenmd valves including the first valve and the
. second valve are de energlzed the automatic transmlssmn being configured to be set to

gear shift stages conespondmg to traveling states of the vehicle when the switching valve

is at the normal ‘position, and the automatic transmission being configured to be set to
specific gear shift stages corresponding in advance to the respective gear shift stages when
the sw1tch1ng valve is at the failure posmon the control method comprlsmg

hmltmg the second hydraulic pressure by the electronic control unit such that the

switching valve is switched to the normal position when following condmons i) and ii) are

" satisfied

‘1) during partial failure in which the first valve is de-energized, and
ii) when the switching valve is switched to the failure position due to the second
hydraulic pressﬁre and the automatic transmission is downshifted to the specific gear shift

stage not corresponding to a current gear shift stage.
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FIG.3
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FIG.4

ACCELERATOR OPERATION
AMOUNT ACC (%)

VEHICLE SPEED V (km/h)



PCT/IB2014/002651

WO 2015/087125

5/6

(O/N)ETS

€2

G

(O/NP1S




WO 2015/087125

PCT/IB2014/002651

6

FIG.6
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