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7 CONTROL DEVICE FOR VEHICLE AND CONTROL METHOD FOR 

VEHICLE

ABSTRACT

An electronic control unit (5) is configured to set a target torque phase time which is used in 

torque phase control based on an output shaft torque difference. The electronic control unit (5) 

sets the target torque phase time to be longer when the output shaft torque difference is large 

than when the output shaft torque difference is small. Accordingly, since the target torque phase 

time can be appropriately set, it is possible to achieve both of preventing a sudden change in 

driving force and torsion vibration of an output shaft (3b) and preventing a decrease in 

drivability due to hesitation at the same time. Sudden change in driving force and torsion 

vibration of the output shaft (3b) occur when the difference in driving force between before and 

after a gear shift is large. Hesitation occurs when the difference in driving force between before 

and after the gear shift is small.

AH25(13340528J ):JBL



ι

20
17

20
48

68
 

14
 Ju

l 2
01

7 CONTROL DEVICE FOR VEHICLE AND CONTROL METHOD FOR 

VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a control device for a vehicle including a stepped type automatic 

transmission and a control method for a vehicle including a stepped type automatic 

transmission.

2. Description of Related Art

[0002] In a stepped type automatic transmission, torque phase control is performed based on a 

target torque phase time. A technique for performing the torque phase control is described in 

Japanese Patent Application Publication No. 2012-251581 (JP 2012-251581 A).

[0003] In the technique described in JP 2012-251581 A, since it is considered that a driver 

intends to perform a more rapid gear shift as an accelerator position becomes larger, the target 

torque phase time is set to become shorter as the accelerator position becomes larger. On the 

other hand, since it is considered that a driver intends to perform a smoother gear shift as the 

accelerator position becomes smaller, the target torque phase time is set to become longer as the 

accelerator position becomes smaller.

SUMMARY OF THE INVENTION

[0004] In the torque phase control using the target torque phase time, when the target torque 

phase time is short and a difference in driving force between before and after a gear shift is 

large, there is concern that a sudden change in driving force or vibration due to a torsion of an 

output shaft will occur. On the other hand, when the target torque phase time is long and the 

difference in driving force between before and after the gear shift is small, there is concern that 

drivability due to hesitation of the change in driving force will decrease.

[0005] The invention enables appropriate setting of a target torque phase time in torque phase 

control of controlling a torque phase based on the target torque phase time.
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9 [0005a] In accordance with an aspect of the present invention, there is disclosed a control device 

for a vehicle, the vehicle including an engine, driving wheels, and an automatic transmission, 

the automatic transmission being connected to the engine via an input shaft and being connected 

to the driving wheels via an output shaft, the automatic transmission being a stepped type 

automatic transmission and being configured to establish one shift stage of a plurality of shift 

stages by selectively engaging a plurality of frictional engagement elements with each other, the 

control device comprising: an electronic control unit configured to: set a target torque phase 

time during a gear shift of the automatic transmission based on an output shaft torque difference, 

the output shaft torque difference being a difference between a torque of the output shaft before 

the gear shift and a torque of the output shaft after the gear shift; and perform torque phase 

control based on the set target torque phase time, the torque phase control being control to 

control torque capacities of a disengagement-side element and an engagement-side element, the 

plurality of frictional engagement elements including the disengagement-side element and the 

engagement-side element, the target torque phase time being a time in which the torque phase 

control is performed, wherein when the electronic control unit determines that the gear shift of 

the automatic transmission is a driving downshift, the electronic control unit is configured to set 

an upper limit of the target torque phase time based on an assigned torque which is taken charge 

of by the disengagement-side element and an input shaft rotation speed difference in the torque 

phase control, the input shaft rotation speed difference being a difference between a rotation 

speed of the input shaft before the gear shift and a rotation speed of the input shaft after the gear 

shift.

[0005b] In accordance with an aspect of the present invention, there is disclosed a control 

method for a vehicle, the vehicle including an engine, driving wheels, an automatic 

transmission, and an electronic control unit, the automatic transmission being connected to the 

engine via an input shaft and being connected to the driving wheels via an output shaft, the 

automatic transmission being a stepped type automatic transmission and being configured to 

establish one shift stage of a plurality of shift stages by selectively engaging a plurality of 

frictional engagement elements to engage with each other, the control method comprising: 

setting, by the electronic control unit, a target torque phase time during a gear shift of the 

automatic transmission based on an output shaft torque difference; and performing, by the 

electronic control unit, torque phase control based on the set target torque phase time, the output 

shaft torque difference being a difference between a torque of the output shaft before the gear 

shift and a torque of the output shaft after the gear shift, and the torque phase control being

21974482
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9 control to control torque capacities of a disengagement-side element and an engagement-side 

element, the plurality of frictional engagement elements including the disengagement-side 

element and the engagement-side element, the target torque phase time being a time in which 

the torque phase control is performed, wherein when the electronic control unit determines that 

the gear shift of the automatic transmission is a driving downshift, the electronic control unit is 

configured to set an upper limit of the target torque phase time based on an assigned torque 

which is taken charge of by the disengagement-side element and an input shaft rotation speed 

difference in the torque phase control, the input shaft rotation speed difference being a 

difference between a rotation speed of the input shaft before the gear shift and a rotation speed 

of the input shaft after the gear shift.

[0006] Also disclosed is a control device for a vehicle. The vehicle includes an engine, driving 

wheels, an automatic transmission, and an electronic control unit. The automatic transmission is 

connected to the engine via an input shaft and is connected to the driving wheels via an output 

shaft. The automatic transmission is a stepped type automatic transmission and is configured to 

establish one shift stage of a plurality of shift stages by selectively engaging a plurality of 

frictional engagement elements with each other. The electronic control unit is configured to set 

a target torque phase time during a gear shift of the automatic transmission based on an output 

shaft torque difference. The output shaft torque difference is a difference between a torque of 

the output shaft before the gear shift and a torque of the output shaft after the gear shift. The 

electronic control unit is configured to perform torque phase control based on the set target 

torque phase time. The torque phase control is control to control torque capacities of a 

disengagement-side element and an engagement-side element. The plurality of frictional 

engagement elements include the disengagement-side element and the engagement-side 

element. The target torque phase time is a time in which the torque phase control is performed.

[0007] With the foregoing configuration, the target torque phase time which is used for torque 

phase control is set based on the output shaft torque difference between before and after the gear 

shift (which corresponds to a driving force difference between before and after the gear shift). 

Accordingly, it is possible to achieve both of preventing a sudden change in driving force or 

torsion vibration of the output shaft due to the driving force difference between before and after 

the gear shift and preventing a decrease in drivability due to hesitation at the same time.
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9 [0008] In the control device for the vehicle, the electronic control unit may be configured to set 

the target torque phase time to be longer when the output shaft torque difference is large than 

when the output shaft torque difference is small.

[0009] When the gear shift of the automatic transmission is a driving downshift, a thermal load 

on a friction material of a disengagement-side frictional engagement element (hereinafter also 

referred to as a disengagement-side element) is likely to increase in the torque phase control. 

Accordingly, when the target torque phase time is set to be long, there is concern that durability 

of the friction material of the disengagement-side element will decrease.

21974482
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7 [0010] Therefore, in the control device for the vehicle, when the electronic control unit 

determines that the gear shift of the automatic transmission is a driving downshift, the electronic 

control unit may be configured to set an upper limit of the target torque phase time based on an 

assigned torque which is taken charge of by the disengagement-side element and an input shaft 

rotation speed difference in the torque phase control. The input shaft rotation speed difference 

may be a difference between a rotation speed of the input shaft before the gear shift and a 

rotation speed of the input shaft after the gear shift.

[0011] With the foregoing configuration, by setting the upper limit of the target torque phase 

time, it is possible to limit the target torque phase time such that the thermal load on the friction 

material of the disengagement-side element does not increase even when the target torque phase 

time which is set based on the output shaft torque difference between before and after the gear 

shift is long. Accordingly, it is possible to prevent a decrease in durability of the friction 

material of the disengagement-side element.

[0012] In the control device for the vehicle, the electronic control unit may be configured to set 

the upper limit of the target torque phase time to be smaller when a product of a maximum value 

of the assigned torque and the input shaft rotation speed difference in the torque phase control is 

large than when the product is small.

[0013] In the control device for the vehicle, the electronic control unit may be configured to set 

the upper limit of the target torque phase time for each disengagement-side element in the torque 

phase control among the plurality of frictional engagement elements of the automatic 

transmission.

[0014] With the foregoing configuration, the target torque phase time can be appropriately set 

based on the driving force difference between before and after the gear shift in the torque phase 

control using the target torque phase time. Accordingly, it is possible to achieve both of 

preventing a sudden change in driving force or torsion vibration of the output shaft due to the 

driving force difference between before and after the gear shift and preventing a decrease in 

drivability due to hesitation at the same time.

[0015] In the control device for the vehicle, the electronic control unit may be configured to 

determine a control operation amount for realizing a gear shift target value using a gear shift 

model and is configured to control a gear shift.

AH25(13340528J ):JBL
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9 [0016] Also disclosed is a control method for a vehicle. The vehicle includes an engine, driving 

wheels, an automatic transmission, and an electronic control unit. The automatic transmission is 

connected to the engine via an input shaft and is connected to the driving wheels via an output 

shaft. The automatic transmission is a stepped type automatic transmission and is configured to 

establish one shift stage of a plurality of shift stages by selectively engaging a plurality of 

frictional engagement elements to engage with each other. The control method includes: setting, 

by the electronic control unit, a target torque phase time during a gear shift of the automatic 

transmission based on an output shaft torque difference; and performing, by the electronic 

control unit, torque phase control based on the set target torque phase time. The output shaft 

torque difference is a difference between a torque of the output shaft before a gear shift and a 

torque of the output shaft after the gear shift. The torque phase control is control to control 

torque capacities of a disengagement-side element and an engagement-side element. The 

plurality of frictional engagement elements include the disengagement-side element and the 

engagement-side element. The target torque phase time being a time in which the torque phase 

control is performed.

[0017] With the foregoing configuration, the target torque phase time which is used for torque 

phase control is set based on the output shaft torque difference between before and after the gear 

shift (which corresponds to a driving force difference between before and after the gear shift). 

Accordingly, it is possible to achieve both of preventing a sudden change in driving force or 

torsion vibration of the output shaft due to the driving force difference between before and after 

the gear shift and preventing a decrease in drivability due to hesitation at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] 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 diagram schematically illustrating a configuration of a vehicle equipped with 

an automatic transmission according to the invention;

FIG. 2 is a skeleton diagram illustrating a configuration of a torque converter and the 

automatic transmission;

21974482
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7 FIG. 3 is an engagement table illustrating engagement states of first to fourth clutches, a 

first brake, and a second brake for each shift stage in the automatic transmission;

FIG. 4 is a block diagram illustrating a configuration of a control system of the vehicle;

FIG. 5 is a flowchart illustrating an example of torque phase control in a downshift 

which is performed by an ECU;

FIG. 6 is a diagram illustrating a target torque phase time map;

FIG. 7 is a flowchart illustrating an example of torque phase control in a driving 

downshift which is performed by the ECU; and

FIG. 8 is a diagram illustrating an upper limit map in which an upper limit of the target 

torque phase time is set.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Hereinafter, embodiments of the invention will be described with reference to the 

accompanying drawings.

[0020] First, a vehicle 100 according to this embodiment will be described below with reference 

to FIGS. 1 to 4.

[0021] As illustrated in FIG. 1, the vehicle 100 includes an engine 1, a torque converter 2, an 

automatic transmission 3, a hydraulic control unit 4, and an electronic control unit (ECU) 5.

The vehicle 100 is, for example, of a front engine-front drive (FF) type and is configured such 

that an output of the engine 1 is transmitted to a differential device 6 via the torque converter 2 

and the automatic transmission 3 and is assigned to right and left driving wheels (front wheels)

7.

[0022] The engine (internal combustion engine) 1 is a driving force source for traveling and is, 

for example, a multi-cylinder gasoline engine. The engine 1 is configured such that an operation 

state thereof can be controlled based on a throttle opening level (an amount of intake air) of a 

throttle valve, an amount of fuel injected, an ignition timing, and the like.

AH25(13340528J ):JBL
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7 [0023] As illustrated in FIG. 2, the torque converter 2 includes a pump impeller 21 that is 

connected to a crank shaft la which is an output shaft of the engine 1, a turbine runner 22 that is 

connected to the automatic transmission 3, a stator 23 that has a torque amplifying function, and 

a lock-up clutch 24 that directly connects the engine 1 and the automatic transmission 3 to each 

other. In FIG. 2, a lower half below a rotation axis of the torque converter 2 and the automatic 

transmission 3 is omitted and only an upper half is schematically illustrated.

[0024] The automatic transmission 3 is disposed in a power transmission path between the 

engine 1 and the driving wheels 7 and is configured to change a rotation speed of an input shaft 

3 a and to output the changed rotation speed to an output shaft 3b. In the automatic transmission 

3, the input shaft 3a is connected to the turbine runner 22 of the torque converter 2, and the 

output shaft 3b is connected to the driving wheels 7 via the differential device 6 or the like.

[0025] The automatic transmission 3 includes a first gear shift unit (a front planetary) 31 that 

includes a first planetary gear mechanism 31a as a main element, a second gear shift unit (a rear 

planetary) 32 that includes a second planetary gear mechanism 32a and a third planetary gear 

mechanism 32b as main elements, first to fourth clutches Cl to C4, a first brake BI, and a 

second brake B2.

[0026] The first planetary gear mechanism 31a constituting the first gear shift unit 31 is a 

double pinion type planetary gear mechanism and includes a sun gear S1, a plurality of pairs of 

pinion gears Pl that engage with each other, a planetary carrier CA1 that supports the pinion 

gears Pl such that they can rotate and revolve, and a ring gear R1 that engages with the sun gear 

SI via the pinion gears Pl.

[0027] The planetary carrier CA1 is connected to the input shaft 3 a and integrally rotates along 

with the input shaft 3a. The sun gear SI is fixed to a transmission case 30 and is not rotatable. 

The ring gear R1 serves as an intermediate output member and is configured to reduce the 

rotation speed of the input shaft 3a and to transmit the reduced rotation speed to the second gear 

shift unit 32.

[0028] The second planetary gear mechanism 32a constituting the second gear shift unit 32 is a 

single pinion type planetary gear mechanism and includes a sun gear S2, a pinion gear P2, a 

planetary carrier RCA that supports the pinion gear P2 such that it can rotate and revolve, and a 

ring gear RR that engages with the sun gear S2 via the pinion gear P2.

AH25(13340528J ):JBL
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7 [0029] The third planetary gear mechanism 32b constituting the second gear shift unit 32 is a 

double pinion type planetary gear mechanism and includes a sun gear S3, a plurality of pairs of 

pinion gears P2 and P3 that engage with each other, a planetary carrier RCA that supports the 

pinion gears P2 and P3 such that they can rotate and revolve, and a ring gear RR that engages 

with the sun gear S3 via the pinion gears P2 and P3. The planetary carrier RCA and the ring 

gear RR are shared by the second planetary gear mechanism 32a and the third planetary gear 

mechanism 32b.

[0030] The sun gear S2 is selectively connected to the transmission case 30 by the first brake 

BI. The sun gear S2 is selectively connected to the ring gear R1 via the third clutch C3. The 

sun gear S2 is further selectively connected to the planetary carrier CA1 via the fourth clutch 

C4. The sun gear S3 is selectively connected to the ring gear R1 via the first clutch Cl. The 

planetary carrier RCA is selectively connected to the transmission case 30 by the second brake 

B2. The planetary carrier RCA is selectively connected to the input shaft 3 a via the second 

clutch C2. The ring gear RR is connected to the output shaft 3b and integrally rotates along with 

the output shaft 3b.

[0031] The first to fourth clutches Cl to C4, the first brake BI, and the second brake B2 are 

frictional engagement elements that are frictionally engaged by hydraulic actuators and are 

controlled by the hydraulic control unit 4 and the ECU 5.

[0032] FIG. 3 is an engagement table illustrating engaged states or disengaged states of the first 

to fourth clutches Cl to C4, the first brake BI, and the second brake B2 for each shift stage (also 

referred to as a gear stage). In the engagement table illustrated in FIG. 3, mark O denotes an 

“engaged state” and a blank denotes a “disengaged state.”

[0033] As illustrated in FIG. 3, in the automatic transmission 3 according to this embodiment, 

the first clutch Cl and the second brake B2 engage with each other to set a first shift stage (1st) 

having a largest gear ratio (the rotation speed of the input shaft 3a/the rotation speed of the 

output shaft 3b). The first clutch Cl and the first brake BI engage with each other to set a 

second shift stage (2nd).

[0034] The first clutch Cl and the third clutch C3 engage with each other to set a third shift 

stage (3rd). The first clutch Cl and the fourth clutch C4 engage with each other to set a fourth 

shift stage (4th).

AH25(13340528J ):JBL
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7 [0035] The first clutch Cl and the second clutch C2 engage with each other to set a fifth shift 

stage (5th). The second clutch C2 and the fourth clutch C4 engage with each other to set a sixth 

shift stage (6th).

[0036] The second clutch C2 and the third clutch C3 engage with each other to set a seventh 

shift stage (7th). The second clutch C2 and the first brake BI engage with each other to set an 

eighth shift stage (8th). The third clutch C3 and the second brake B2 engage with each other to 

set a reverse shift stage (Rev).

[0037] In this embodiment, the forward shift stages (1st to 8th) are set in a clutch-to-clutch gear 

shift manner.

[0038] The hydraulic control unit 4 controls engagement and disengagement of a plurality of 

frictional engagement elements (the clutches Cl to C4 and the brakes BI and B2) of the 

automatic transmission 3. The hydraulic control unit 4 also has a function of controlling the 

lock-up clutch 24 of the torque converter 2. The hydraulic control unit 4 includes a hydraulic 

actuator of each frictional engagement element of the automatic transmission 3 and a linear 

solenoid valve that supplies a controlled hydraulic pressure to the hydraulic actuators.

[0039] The ECU 5 is configured to perform operation control of the engine 1, gear shift control 

of the automatic transmission 3, and the like. Specifically, as illustrated in FIG. 4, the ECU 5 

includes a CPU 51, a ROM 52, a RAM 53, a backup RAM 54, an input interface 55, and an 

output interface 56.

[0040] The CPU 51 performs an arithmetic process based on various control programs or maps 

stored in the ROM 52. In the ROM 52, various control programs, maps which are referred to 

when the control programs are executed, and the like are stored. The RAM 53 is a memory that 

temporarily stores process results of the CPU 51, detection results of various sensors, and the 

like. The backup RAM 54 is a nonvolatile memory that stores data to be stored when the 

ignition is turned off.

[0041] The input interface 55 is connected to a crank position sensor 81, an input shaft rotation 

speed sensor 82, an output shaft rotation speed sensor 83, an accelerator position sensor 84, a 

throttle opening sensor 85, an air flow meter 86, and the like.

AH25(13340528J ):JBL
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7 [0042] The crank position sensor 81 is provided to calculate a rotation speed of the engine 1.

The input shaft rotation speed sensor 82 is provided to calculate a rotation speed of the input 

shaft 3a (a turbine rotation speed) of the automatic transmission 3. The output shaft rotation 

speed sensor 83 is provided to calculate a rotation speed of the output shaft 3b of the automatic 

transmission 3. A vehicle speed can be calculated from the rotation speed of the output shaft 3b. 

The accelerator position sensor 84 is provided to detect an accelerator position which is a 

depression amount (an operation amount) of an accelerator pedal. The throttle opening sensor 

85 is provided to detect a throttle opening level of a throttle valve. The air flow meter 86 is 

provided to detect an amount of intake air of the engine 1.

[0043] The output interface 56 is connected to an injector 91, an igniter 92, a throttle motor 93, 

the hydraulic control unit 4, and the like. The injector 91 is a fuel injection valve and an amount 

of fuel injected therefrom can be adjusted. The igniter 92 is provided to adjust an ignition 

timing using an ignition plug. The throttle motor 93 is provided to adjust the throttle opening 

level of the throttle valve.

[0044] The ECU 5 is configured to control the operation state of the engine 1 by controlling the 

throttle opening level, the amount of fuel injected, and the ignition timing, and the like based on 

the detection results of various sensors. The ECU 5 is configured to perform gear shift control 

of the automatic transmission 3 and control of the lock-up clutch 24 of the torque converter 2 by 

controlling the hydraulic control unit 4.

[0045] In the gear shift control by the ECU 5, a required shift stage is set, for example, based on 

a gear shift map with the vehicle speed and the accelerator position as parameters, and the 

hydraulic control unit 4 is controlled such that an actual shift stage is the required shift stage.

The gear shift map is a map in which a plurality of areas for calculating an appropriate shift 

stage (one of the 1st to 8th shift stages having optimal efficiency) are set depending on the 

vehicle speed and the accelerator position, and is stored in the ROM 52 of the ECU 5. A 

plurality of shift lines for defining the areas (upshift lines and downshift lines for defining the 

shift areas of the 1st to 8th shift stages) are set in the gear shift map.

[0046] The ECU 5 performs torque phase control based on a target torque phase time (a target 

gear shift time of a torque phase). Details of the torque phase control will be described later.

AH25(13340528J ):JBL
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7 [0047] Before describing control (torque phase control) by which this embodiment is 

characterized, gear shift control for determining a control operation amount by which a gear 

shift target value is realized in the automatic transmission 3 will be schematically described 

below.

[0048] First, in this embodiment, a technique of performing a gear shift using a gear shift model 

for determining a control operation amount by which the gear shift target value is realized is 

employed as the gear shift control. The gear shift target value is a target value of a factor (such 

as a shifting time or a driving force) for determining a change mode to be realized at the time of 

a gear shift. The control operation amount is a value required during operation for a factor (such 

as an engine torque or a torque capacity of a frictional engagement element) to reach a control 

target.

[0049] Gear shift control using a gear shift model will be described below. Equations of motion 

during the gear shift are expressed by Equations (1) and (2).

datf dt — ai· Tt + bi ■ Tcapl + cl · Tcdrn + di ■ dooj dt · ■ ■ (l) 

To — a2-Tt + bl- Tcapl + e2 · Tcdrn + d2 · dcoof dt ■ ■ ■ (2)

[0050] Equations (1) and (2) are derived from equations of motion of connected rotary elements 

constituting the automatic transmission 3 and relational expressions of planetary gear 

mechanisms constituting the automatic transmission 3. The equation of motion of each rotary 

element is an equation of motion in which a torque which is expressed by a product of a moment 

of inertia and a change rate of a rotation speed in each rotary element is defined by a torque 

acting on a member associated with the rotary element among three members of the planetary 

gear mechanism and both members of each frictional engagement element. The relational 

expressions in each planetary gear mechanism are relational expressions in which a torque 

relationship between three members and a relationship in rotation speed change rate in the 

planetary gear mechanism are defined using a gear ratio of the planetary gear mechanism.

[0051] In Equations (1) and (2), dcot/dt is a derivative with respect to time, that is, a change rate, 

of a turbine rotation speed (a rotational angular velocity) cot (that is, an input shaft rotation speed 

coi of the automatic transmission 3) and denotes an acceleration of the input shaft 3a (an angular

AH25(13340528J ):JBL
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7 acceleration which is hereinafter referred to as input shaft acceleration) as a change in speed of a 

rotary member on the input shaft 3a side, ckoo/clt is a change rate of an output shaft rotation 

speed ωο of the automatic transmission 3 and denotes an output shaft acceleration. Tt denotes a 

turbine torque which is a torque on the input shaft 3 a as a torque on a rotary member on the 

input shaft 3a side, that is, a transmission input shaft torque (hereinafter also referred to as an 

input shaft torque) Ti. The turbine torque Tt has the same meaning as an engine torque Te (= 

Tt/t) in consideration of a torque ratio t of the torque converter 2. To denotes a transmission 

output shaft torque which is a torque on the output shaft 3b as a torque on a rotary member on 

the output shaft 3b side. Tcapl denotes a torque capacity of a frictional engagement element that 

performs an engagement operation at the time of a gear shift. Tcdm denotes a torque capacity 

of a frictional engagement element that performs a disengagement operation at the time of a gear 

shift.

[0052] Here, al, a2, bl, b2, cl, c2, dl, and d2 in Equations (1) and (2) are constants when 

Equations (1) and (2) are derived and are coefficients which are determined in design from the 

moment of inertia of each rotary element and the gear ratio of the planetary gear mechanism. 

Specific numerical values of the constants vary, for example, depending on a gear shift type (for 

example, a gear shift pattern or a combination of shift stages before and after the gear shift). 

Accordingly, an equation of motion is individual, but equations of motion corresponding to gear 

shift types in which the constants differ depending on the gear shift type are used for the gear 

shift of the automatic transmission 3.

[0053] Equations (1) and (2) are gear train equations of motion (hereinafter referred to as 

equations of motion) of the automatic transmission 3 which are obtained by formularizing a 

relationship between the gear shift target values and the control operation amounts. The gear 

shift target values can express target values of the shifting time and the driving force and are 

handled in the equations of motion.

[0054] On the other hand, in this embodiment, the control operation amounts of the control for 

establishing the gear shift target values (feedback control) are set by three values including the 

turbine torque Tt (which has the same meaning as the engine torque Te), the torque capacity 

Tcapl of the engagement-side frictional engagement element, and the torque capacity Tcdrn of 

the disengagement-side frictional engagement element. Then, since the equation of motion 

includes two equations of Equations (1) and (2) and there are three control operation amounts,
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7 the control operation amounts for establishing two gear shift target values do not have unique 

solutions.

[0055] Therefore, in this embodiment, torque assignment ratios of transmission torques assigned 

to the disengagement-side frictional engagement element (hereinafter also referred to as a 

disengagement-side element) and the engagement-side frictional engagement element 

(hereinafter also referred to as an engagement-side element) are used as limiting conditions for 

acquiring solutions of the equations of motion of Equations (1) and (2). By using the torque 

assignment ratios as the limiting conditions, delivery of a torque (that is, a degree of progress in 

gear shift) between the disengagement-side element and the engagement-side element during the 

gear shift can be incorporated into the equations of motion and the control operation amounts 

have unique solutions.

[0056] The torque assignment ratios are ratios of the transmission torques at which a total 

transmission torque on the input shaft 3 a is assigned to the disengagement-side element and the 

engagement-side element when the total transmission torque (the total transmission torque) 

which needs to be assigned to the disengagement-side element and the engagement-side element 

to be reengaged during the gear shift of the automatic transmission 3 is replaced with, for 

example, the torque on the input shaft 3a (the total transmission torque on the input shaft). The 

torque assignment ratios are changed depending on the degree of progress in gear shift (a degree 

of progress of the gear shift) during the gear shift.

[0057] In this embodiment, when the torque assignment ratio of the engagement-side element is 

defined as “xapl” and the torque assignment ratio of the disengagement-side element is defined 

as “xdm,” the torque assignment ratios are defined as follows by Equations (3) and (4) using a 

torque assignment ratio x (for example, 0<x<l) varying in a time series to reflect delivery of a 

torque during the gear shift.

xapl = x ---(3)

xdm=l-x ---(4)

[0058] The relational expression between the torque capacity Tcapl of the engagement-side 

element and the torque capacity Tcdrn of the disengagement-side element can be defined using 

“x” (= xapl) and “1-x” (= xdrn) based on “Tcapl” and “Tcdrn” replaced with the torque on the
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7 input shaft 3a and Equations (3) and (4). The relational expressions for calculating the turbine 

torque Tt, the torque capacity Tcapl of the engagement-side element, and the torque capacity 

Tcdm of the disengagement-side element which are the control operation amounts are derived 

from Equations (1) and (2) and the relational expression between “Tcapl” and “Tcdm.” The 

turbine torque Tt (which has the same meaning as the engine torque Te) is expressed by a 

relational expression using “x” (= xapl), “1-x” (= xdm), the input shaft acceleration dot/dt, the 

transmission output shaft torque To, and the like. Similarly, the torque capacity Tcapl of the 

engagement-side element is expressed by a relational expression using “x” (= xapl), the input 

shaft acceleration dcot/dt, the transmission output shaft torque To, and the like. Similarly, the 

torque capacity Tcdm of the disengagement-side element is expressed by a relational expression 

using “1-x” (= xdrn), the input shaft acceleration dcot/dt, the transmission output shaft torque To, 

and the like.

[0059] That is, a gear shift model in this embodiment is for calculating the control operation 

amounts based on the gear shift target values using the equations of motion (Equations (1) and 

(2)) of the automatic transmission 3 including the gear shift target values and the control 

operation amounts and the relationships (Equations (3) and (4)) indicating the torque assignment 

ratios. In this way, in this embodiment, the gear shift of the automatic transmission 3 is 

performed using the gear shift model by adding the limiting conditions set with the torque 

assignment ratio x to Equations (1) and (2). Accordingly, even when three control operation 

amounts are present for two target gear shift characteristic values, three control operation 

amounts can be appropriately determined using the gear shift model.

[0060] Since the equations of motion in which the constants differ depending on the gear shift 

type (for example, the gear shift pattern or the combination of shift stages before and after the 

gear shift) are used as described above as the gear shift models, the gear shift models 

corresponding to the gear shift types are used for the gear shift of the automatic transmission 3. 

Examples of the gear shift pattern include a driving upshift, a driving upshift, a driving 

downshift, and a driving downshift. The driving downshift is a downshift when an accelerator 

pedal is depressed, and the driving downshift is a downshift when the accelerator pedal is not 

depressed.

[0061] For example, in a case of the driving downshift and the driving downshift, when 

hydraulic control for the frictional engagement elements corresponding to a target shift stage is
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7 started in the gear shift of the automatic transmission 3, the gear shift progresses to a step of 

torque phase in which assignment of a required torque capacity (a target torque capacity) of each 

frictional engagement element varies. Thereafter, the gear shift progresses to a step of inertia 

phase in which the gear ratio of the automatic transmission 3 varies. That is, the gear shift of the 

automatic transmission 3 progresses through a step before torque phase, the step of torque 

phase, the step of inertia phase, and the step of gear shift end.

[0062] A map in which suitable torque assignment ratios varying with the progress in gear shift 

are set depending on the degree of progress in gear shift for each gear shift pattern is prepared in 

advance by experiment, simulation, or the like, and is stored in the ROM 52 of the ECU 5.

[0063] The ECU 5 reads the torque assignment ratios corresponding to the degree of progress in 

gear shift from the map at the time of gear shift control, applies the read torque assignment 

ratios and the gear shift target values (for example, a target shifting time) to the gear shift model, 

calculates the control operation amounts (such as a target input shaft torque and target torque 

capacities of the disengagement-side element and the engagement-side element), and performs 

control (hydraulic control) of the disengagement-side element and the engagement-side element 

depending on the degree of progress in gear shift such that the calculated target torque capacities 

are achieved.

[0064] The torque phase control which is performed by the ECU 5 will be described below.

[0065] First, before describing the torque phase control, a process of calculating an input shaft 

torque which is transmitted from the engine 1 to the input shaft 3 a of the automatic transmission 

3 will be described.

[0066] For example, based on the amount of intake air acquired from an output signal of the air 

flow meter 86 and the ignition timing of the engine 1, the ECU 5 calculates the engine torque Te 

from a preset map or a preset calculating expression. Then, the ECU 5 calculates the input shaft 

torque by multiplying the calculated engine torque Te by the torque ratio t of the torque 

converter 2.

[0067] When a vehicle state is in a driven area, an influence of an engine friction or an auxiliary 

unit load on a torque generated from the engine 1 is large and calculation accuracy of the input 

shaft torque based on the amount of intake air is likely to degrade. Therefore, when the vehicle
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7 state is in the driven area, the engine torque Te is calculated from a preset map or a preset 

calculating expression based on the engine rotation speed acquired from the output signal of the 

crank position sensor 81. Then, the input shaft torque is calculated by multiplying the calculated 

engine torque Te by the torque ratio t of the torque converter 2.

[0068] Regarding the input shaft torque, a torque sensor may be disposed in the crank shaft la 

of the engine 1 or the input shaft 3 a of the automatic transmission 3 and the input shaft torque 

may be calculated based on an output signal of the torque sensor.

[0069] A specific example of the torque phase control in a downshift which is performed by the 

ECU 5 will be described below.

[0070] First, in the torque phase control, when the target torque phase time (the time in which 

the output shaft torque is changed) is short in a downshift in which the driving force difference 

between before and after the gear shift is large, there is concern that a sudden change in the 

driving force or vibration due to a torsion of the output shaft will occur. On the other hand, 

when the target torque phase time is long in a downshift in which the driving force difference 

between before and after the gear shift is small, an increase of the driving force is delayed and 

there is concern that a driver will feel hesitation of an acceleration.

[0071] This embodiment is made in consideration of such a problem and realizes control 

capable of appropriately setting the target torque phase time depending on the driving force 

difference between before and after the gear shift in the torque phase control using the target 

torque phase time.

[0072] An example of the torque phase control will be described below with reference to the 

flowchart illustrated in FIG. 5. The control routine illustrated in FIG. 5 is repeatedly performed 

at predetermined intervals by the ECU 5.

[0073] When the control routine illustrated in FIG. 5 starts, it is determined in Step ST101 

whether a gear shift request of the automatic transmission 3 has occurred based on the vehicle 

speed acquired from the output signal of the output shaft rotation speed sensor 83, the 

accelerator position acquired from the output signal of the accelerator position sensor 84, and 

the gear shift map and the gear shift request is a downshift request.

AH25(13340528J ):JBL



16

20
17

20
48

68
 

14
 Ju

l 2
01

7 [0074] When the determination result of Step ST101 is negative (NO), the control routine 

restarts. When the determination result of Step ST101 is positive (YES), the control routine 

transitions to Step ST102. In Step ST102, downshift control is started.

[0075] In Step ST103, it is determined whether a torque phase start condition (for example, a 

torque assigned to a frictional engagement element starts changing) is satisfied. When the 

determination result is negative (NO), the control routine restarts. When the determination 

result of Step ST103 is positive (YES), the control routine transitions to Step ST104.

[0076] In Step ST104, the target torque phase time is set based on the output shaft torque 

difference between before and after the gear shift corresponding to the driving force difference 

between before and after the gear shift. This setting process will be described later.

[0077] In Step ST105, torque phase control of controlling the torque capacities of the 

disengagement-side element and the engagement-side element which are reengaged (clutch-to- 

clutch) is performed based on the target torque phase time set in Step ST104.

[0078] A process of setting the target torque phase time will be described below.

[0079] First, the input shaft torque of the automatic transmission 3 is calculated through the 

above-mentioned calculating process. Then, the output shaft torque difference between before 

and after the gear shift [= input shaft torque x gear ratio between before and after the gear shift] 

is calculated using the input shaft torque and the gear ratios between before and after the gear 

shift (a ratio of the gear ratio before the gear shift and the gear ratio after the gear shift). The 

target torque phase time is set with reference to a target torque phase time map illustrated in 

FIG. 6 using the calculated output shaft torque difference between before and after the gear 

shift.

[0080] The target torque phase time map illustrated in FIG. 6 is a map in which the target torque 

phase time is set in advance by experiment or simulation using the output shaft torque difference 

between before and after the gear shift as a parameter and is stored in the ROM 52 of the ECU

5.

[0081] In the target torque phase time map illustrated in FIG. 6, the target torque phase time is 

set depending on the output shaft torque difference between before and after the gear shift such
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7 that prevention of a sudden change of the driving force or torsion vibration of the output shaft 3b 

and prevention of a decrease in drivability due to hesitation of the driving force can be achieved 

at the same time. The sudden change of the driving force and the torsion vibration of the output 

shaft 3b occur when the output shaft torque difference between before and after the gear shift is 

large. The hesitation of the driving force occurs when the output shaft torque difference 

between before and after the gear shift is small.

[0082] In the target torque phase time map illustrated in FIG. 6, the target torque phase time is 

set to be longer when the output shaft torque difference between before and after the gear shift is 

large than when the output shaft torque difference between before and after the gear shift is 

small. In the target torque phase time map illustrated in FIG. 6, the gradient of part A is set such 

that a gradient of the change in driving force in a torque phase is not rapid. Part B is set based 

on a maximum time for reaching the output shaft torque of the gear stage after the gear shift.

[0083] As described above, according to this embodiment, the target torque phase time which is 

used for the torque phase control is set depending on the output shaft torque difference between 

before and after the gear shift such that the target torque phase time is longer when the output 

shaft torque difference is large and the target torque phase time is shorter when the output shaft 

torque difference is small. Accordingly, the sudden change of the driving force or the torsion 

vibration of the output shaft which occurs when the driving force difference between before and 

after the gear shift is large can be prevented and the decrease in drivability due to hesitation 

which occurs when the driving force difference between before and after the gear shift is small 

can be prevented.

[0084] A specific example of the torque phase control in a driving downshift which is 

performed by the ECU 5 will be described below with reference to the flowchart illustrated in 

FIG. 7. The control routine illustrated in FIG. 7 is repeatedly performed at predetermined 

intervals by the ECU 5.

[0085] When the control routine illustrated in FIG. 7 starts, it is determined in Step ST201 

whether the gear shift request of the automatic transmission 3 is a driving downshift request.

The gear shift request occurs based on the vehicle speed acquired from the output signal of the 

output shaft rotation speed sensor 83, the accelerator position acquired from the output signal of 

the accelerator position sensor 84, and the gear shift map.
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7 [0086] When the determination result of Step ST201 is negative (NO), the control routine 

restarts. When the determination result of Step ST201 is positive (YES), the control routine 

transitions to Step ST202. In Step ST202, downshift control is started.

[0087] In Step ST203, it is determined whether a torque phase start condition (for example, a 

torque assigned to a frictional engagement element starts change) is satisfied. When the 

determination result is negative (NO), the control routine restarts. When the determination 

result of Step ST203 is positive (YES), the control routine transitions to Step ST204.

[0088] In Step ST204, the target torque phase time is set based on the output shaft torque 

difference between before and after the gear shift. The setting of the target torque phase time in 

Step ST204 is performed in the same process as Step ST 104 in the control routine illustrated in 

FIG. 5.

[0089] In Step ST205, the upper limit of the target torque phase time is set. A process of setting 

the upper limit will be described later.

[0090] In Step ST206, torque phase control of controlling the torque capacities of the 

disengagement-side element and the engagement-side element which are reengaged (clutch-to- 

clutch) is performed based on the target torque phase time set in Step ST204. When the target 

torque phase time set in Step ST204 is greater than the upper limit of the target torque phase 

time set in Step ST205, the target torque phase time is limited to the upper limit. The torque 

phase control is performed based on the limited target torque phase time.

[0091] The process of setting the upper limit of the target torque phase time will be described 

below.

[0092] First, when the gear shift of the automatic transmission 3 is a driving downshift, a 

thermal load on the friction material of the disengagement-side element in the torque phase 

control is likely to increase. Accordingly, when the target torque phase time is set to be long 

through the process of Step ST204 in the control routine illustrated in FIG. 7, there is concern 

that durability will decrease due to the thermal load on the friction material of the 

disengagement-side element.
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7 [0093] Therefore, in this embodiment, the upper limit of the target torque phase time is set in 

consideration of the thermal load on the friction material of the disengagement-side element. In 

the method of setting the upper limit, it is noted that the assigned torque taken charge of by the 

disengagement-side element in the torque phase and the input shaft rotation speed difference 

between before and after the gear shift are factors which have an influence on an increase in 

thermal load on the friction material of the disengagement-side element. Specifically, the upper 

limit of the target torque phase time is set with reference to an upper limit map illustrated in 

FIG. 8 using a product [assigned torque of disengagement-side element x input shaft rotation 

speed difference between before and after the gear shift] of a maximum value of the assigned 

torque taken charge of by the disengagement-side element in the torque phase (hereinafter 

referred to as an assigned torque of a disengagement-side element) and the input shaft rotation 

speed difference between before and after the gear shift (which is calculated from the output 

signal of the input shaft rotation speed sensor 82).

[0094] The upper limit map illustrated in FIG. 8 reflects a point that the thermal load on the 

friction material of the disengagement-side element becomes larger as a product (hereinafter 

referred to as an upper limit setting product) of the assigned torque of the disengagement-side 

element and the input shaft rotation speed difference between before and after the gear shift 

becomes larger. The upper limit of the target torque phase time for limiting the thermal load on 

the friction material of the disengagement-side element such that the thermal load does not 

increase is calculated and mapped by experiment or simulation using the upper limit setting 

product as a parameter. The upper limit map is stored in the ROM 52 of the ECU 5.

[0095] In the upper limit map illustrated in FIG. 8, the upper limit of the target torque phase 

time is set to be lower when the upper limit setting product is large than when the upper limit 

setting product is small. Such an upper limit map is set depending on durability of each 

disengagement-side element with respect to the thermal load on the friction material of each 

disengagement-side element in consideration that the durability of the disengagement-side 

elements in the automatic transmission 3 including a plurality of frictional engagement elements 

with respect to the thermal load on the friction material is not fixed.

[0096] By setting the upper limit of the target torque phase time as described above, it is 

possible to limit the target torque phase time such that a thermal load on a friction material of a 

disengagement-side element does not increase even when the target torque phase time is long.
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7 The target torque phase time is a time which is set depending on the output shaft torque 

difference between before and after the gear shift. Accordingly, it is possible to prevent a 

decrease in durability of the friction material of the disengagement-side element. In addition, 

since the upper limit of the target torque phase time is set for each disengagement-side element 

serving as a disengagement side in the torque phase control, it is possible to more effectively 

prevent a decrease in durability of the friction material of each disengagement-side element.

[0097] The above-disclosed embodiment is exemplary in all respects and does not serve as a 

basis of restrictive analysis. The technical scope of the invention is not construed by only the 

above-mentioned embodiment, but is defined by the SUMMARY OF THE INVENTION. The 

technical scope of the invention includes all modifications within a meaning and a range 

equivalent to SUMMARY OF THE INVENTION.

[0098] The above-mentioned embodiment describes an example in which the invention is 

applied to the control of the automatic transmission 3 with eight forward stages. However, the 

invention is not limited thereto and the invention can be applied to control of an automatic 

transmission with seven or less forward stages or nine or more forward stages.

[0099] The above-mentioned embodiment describes an example in which the vehicle 100 is of 

an FF type. However, the invention is not limited thereto and the vehicle may be of a front 

engine-rear drive (FR) type or of a four-wheel driven type.

[0100] The above-mentioned embodiment describes an example in which the engine 1 is a 

multi-cylinder gasoline engine, but the invention is not limited thereto. The engine may be a 

diesel engine or the like.

[0101] In the above-mentioned embodiment, the ECU 5 may be constituted by a plurality of 

ECUs.

[0102] The invention can be effectively used for a control device for a stepped type automatic 

transmission in which a plurality of shift stages are set by selectively causing a plurality of 

frictional engagement elements to engage with each other.
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9 CLAIMS

1. A control device for a vehicle, the vehicle including an engine, driving wheels, and an 

automatic transmission, the automatic transmission being connected to the engine via an input 

shaft and being connected to the driving wheels via an output shaft, the automatic transmission 

being a stepped type automatic transmission and being configured to establish one shift stage of 

a plurality of shift stages by selectively engaging a plurality of frictional engagement elements 

with each other, the control device comprising:

an electronic control unit configured to:

set a target torque phase time during a gear shift of the automatic transmission based 

on an output shaft torque difference, the output shaft torque difference being a difference 

between a torque of the output shaft before the gear shift and a torque of the output shaft 

after the gear shift; and

perform torque phase control based on the set target torque phase time, the torque 

phase control being control to control torque capacities of a disengagement-side element 

and an engagement-side element, the plurality of frictional engagement elements including 

the disengagement-side element and the engagement-side element, the target torque phase 

time being a time in which the torque phase control is performed, wherein when the 

electronic control unit determines that the gear shift of the automatic transmission is a 

driving downshift, the electronic control unit is configured to set an upper limit of the 

target torque phase time based on an assigned torque which is taken charge of by the 

disengagement-side element and an input shaft rotation speed difference in the torque 

phase control, the input shaft rotation speed difference being a difference between a 

rotation speed of the input shaft before the gear shift and a rotation speed of the input shaft 

after the gear shift.

2. The control device for a vehicle according to claim 1, wherein

the electronic control unit is configured to set the target torque phase time to be longer 

when the output shaft torque difference is large than when the output shaft torque difference is 

small.

3. The control device for a vehicle according to claim 1 or 2, wherein

the electronic control unit is configured to set the upper limit of the target torque phase 

time to be smaller when a product of a maximum value of an assigned torque which is taken
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9 charge of by the disengagement-side element and an input shaft rotation speed difference in the 

torque phase control is large than when the product is small, the input shaft rotation speed 

difference being a difference between a rotation speed of the input shaft before the gear shift and 

a rotation speed of the input shaft after the gear shift.

4. The control device for a vehicle according to claim 1 or 2, wherein

the electronic control unit is configured to set the upper limit of the target torque phase 

time to be smaller when a product of a maximum value of the assigned torque and the input shaft 

rotation speed difference in the torque phase control is large than when the product is small.

5. The control device for a vehicle according to any one of claims 1 to 4, wherein

the electronic control unit is configured to set the upper limit of the target torque phase 

time for each disengagement-side element in the torque phase control of the plurality of 

frictional engagement elements of the automatic transmission.

6. The control device for a vehicle according to any one of claims 1 to 5, wherein

the electronic control unit is configured to determine a control operation amount for 

realizing a gear shift target value using a gear shift model and is configured to control a gear 

shift.

7. A control method for a vehicle, the vehicle including an engine, driving wheels, an 

automatic transmission, and an electronic control unit, the automatic transmission being 

connected to the engine via an input shaft and being connected to the driving wheels via an 

output shaft, the automatic transmission being a stepped type automatic transmission and being 

configured to establish one shift stage of a plurality of shift stages by selectively engaging a 

plurality of frictional engagement elements to engage with each other, the control method 

comprising:

setting, by the electronic control unit, a target torque phase time during a gear shift of 

the automatic transmission based on an output shaft torque difference; and

performing, by the electronic control unit, torque phase control based on the set 

target torque phase time,

the output shaft torque difference being a difference between a torque of the output 

shaft before the gear shift and a torque of the output shaft after the gear shift, and the 

torque phase control being control to control torque capacities of a disengagement-side
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9 element and an engagement-side element, the plurality of frictional engagement elements 

including the disengagement-side element and the engagement-side element, the target 

torque phase time being a time in which the torque phase control is performed, wherein 

when the electronic control unit determines that the gear shift of the automatic 

transmission is a driving downshift, the electronic control unit is configured to set an upper 

limit of the target torque phase time based on an assigned torque which is taken charge of 

by the disengagement-side element and an input shaft rotation speed difference in the 

torque phase control, the input shaft rotation speed difference being a difference between a 

rotation speed of the input shaft before the gear shift and a rotation speed of the input shaft 

after the gear shift.

Toyota Jidosha Kabushiki Kaisha 

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

21974482



1/8

FIG. 1

20
17

20
48

68
 

14
 Ju

l 2
01

7

5

6



2/8

20
17

20
48

68
 

14
 Ju

l 2
01

7



3/8

FIG. 3

20
17

20
48

68
 

14
 Ju

l 2
01

7

Cl C2 C3 C4 BI B2

1st O O
2nd O o
3rd O o
4th O o
5th O O
6th o o
7th o o
8th o o
Rev o o



4/8

FIG. 4

20
17

20
48

68
 

14
 Ju

l 2
01

7

81

82

83

84

85

86

91

92

93

4

5
!



5/8

FIG. 5

20
17

20
48

68
 

14
 Ju

l 2
01

7



6/8

FIG. 6

20
17

20
48

68
 

14
 Ju

l 2
01

7

AND AFTER GEAR SHIFT



7/8

FIG. 7

20
17

20
48

68
 

14
 Ju

l 2
01

7



8/8

Ο
CT
3 FIG. 8

00
kO
00
’Η"
ο
CT

Ο
CT

[ASSIGNED TORQUE OF DISENGAGEMENT-SIDE ELEMENT x 
ROTATION SPEED DIFFERENCE BETWEEN 

BEFORE AND AFTER GEAR SHIFT]


