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(54) DRIVE DEVICE FOR VEHICLE

(67)  Adrive device for a vehicle that can prevent ex-
cessive increases in an engine rotation speed at startup
of a vehicle provided with a manual clutch is provided.
The drive device includes a first obtaining portion obtain-
ing a clutch torque (Tc) generated by a clutch (3), a sec-
ond obtaining portion obtaining a temperature (Tmpc) of

FIG.3
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the clutch, a first calculation portion calculating a startup
engine torque (Tes) on the basis of the clutch torque (Tc)
and the temperature (Tmpc) of the clutch, and an engine
control portion (10) controlling an engine (2) to achieve
the startup engine torque (Tes) at the startup of a vehicle
(100).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a drive device
for a vehicle, which controls startup of a vehicle provided
with a manual-type clutch.

BACKGROUND ART

[0002] At a vehicle provided with a manual transmis-
sion and a manual clutch, at a time of startup, a driver
presses down a clutch pedal to disengage a clutch and
shifts the manual transmission to the first speed. Then,
the driver gradually returns the clutch pedal to engage
the clutch while pressing down an accelerator pedal to
increase an engine rotation speed, and thus the driver
makes engine torque to be transmitted to a wheel. As
described above, the driver conducts a smooth startup
by performing an operation which coordinates the press-
ing of the accelerator pedal, that is, an engine output (an
engine rotation speed), and returning of the clutch pedal,
that is, the engagement of the clutch (an engine load),
with each other.

[0003] Patentdocument 1 discloses atechnique of lim-
iting the engine torque to prevent the clutch from being
overheated on the vehicle provided with the manual
transmission and the clutch in a case where a clutch tem-
perature is equal to or more than a predetermined tem-
perature and a clutch difference rotation speed exceeds
a predetermined value.

DOCUMENT OF PRIOR ART
PATENT DOCUMENT

[0004] Patent document 1: Specification of US Patent
No. 2008/0147288A1

OVERVIEW OF INVENTION
PROBLEM TO BE SOLVED BY INVENTION

[0005] In the technique disclosed in Patent document
1, the torque of the engine is limited in a case where the
clutch temperature is equal to or more than the prede-
termined temperature and the clutch difference rotation
speed exceeds a predetermined rotation speed. Thus,
in a case where an amount of pressing down the clutch
pedal decreases and the clutch torque increases in a
state where the engine torque is being limited, the engine
rotation speed decreases. Generally, amaximum engine
torque that the engine can output depends on the engine
rotation speed. Thus, there arises a problem that, once
the engine rotation speed decreases, the maximum en-
gine torque is limited even if the engine torque is aimed
to be increased, and accordingly the startup/acceleration
may not be conducted according to an intention of the
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driver.

[0006] The present invention is made in view of such
circumstances and a purpose of the present invention is
to provide a drive device for a vehicle, which can prevent
an engine rotation speed from decreasing while prevent-
ing a clutch from being overheated at startup of a vehicle
provided with a manual clutch.

MEANS FOR SOLVING PROBLEM

[0007] The invention of the drive device for the vehicle
related to claim 1, which is made to solve the above-
mentioned problem, includes a clutch provided between
a drive shaft of an engine and an input shaft of a manual
transmission and making a clutch torque between the
drive shaft and the input shaft variable by an operation
of a clutch operation member, a first obtaining portion
obtaining the clutch torque generated by the clutch, a
second obtaining portion obtaining a temperature of the
clutch, a first calculation portion calculating a startup en-
gine torque on the basis of the clutch torque obtained by
the first obtaining portion and the temperature of the
clutch obtained by the second obtaining portion, and an
engine control portion controlling the engine at startup
so that the startup engine torque calculated by the first
calculation portion is achieved.

[0008] The invention related to claim 2 according to
the invention described in claim 1, includes an upper limit
calculation portion calculating an upper limit value of a
startup engine rotation speed, wherein the upper limit
value is set in such a manner that the upper limit value
decreases as the clutch temperature becomes higher,
and the first calculation portion calculates the startup en-
gine torque on the basis of the clutch torque obtained by
the first obtaining portion and a difference between a ro-
tation speed of the engine and the upper limit value of
the startup engine rotation speed.

[0009] The invention related to claim 3 according to
the invention described in either claim 1 or 2, wherein in
a case where the rotation speed of the engine is equal
to or more than a predetermined value, the engine control
portion controls the engine so that the startup engine
torque is achieved.

[0010] The invention related to claim 4 according to
the invention described in any one of claims 1 to 3, in-
cludes a second calculation portion calculating a required
engine torque on the basis of an operation amount of an
engine operation member operating engine torque out-
putted by the engine in such a manner that the engine
torque is variable, wherein in a case where the required
engine torque calculated by the second calculation por-
tion is equal to or less than the startup engine torque, the
engine control portion controls the engine so that the re-
quired engine torque is achieved.

[0011] The invention related to claim 5 according to
the invention described in any one of claims 1 to 4, in-
cludes a third calculation portion calculating a maintain-
ing torque corresponding to torque needed to maintain
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the rotation speed of the engine, the third calculation por-
tion calculating the maintaining torque on the basis of a
load acting on the engine, wherein the first calculation
portion calculates the startup engine torque while adding
the maintaining torque calculated by the third calculation
portion.

[0012] The invention related to claim 6 according to
the invention described in any one of claims 1 to 5, where-
in the first obtaining portion detects an operation amount
of the clutch operation member.

[0013] The invention related to claim 7 according to
the invention described in any one of claims 1 to 6, where-
in the engine control portion controls the engine so that
the startup engine torque is achieved only in a case where
a current vehicle speed is smaller than a predetermined
speed.

[0014] The invention related to claim 8 according to
the invention described in any one of claims 1 to 7, where-
in the engine control portion controls the engine so that
the startup engine torque is achieved only in a case where
a braking force operation member is not being operated,
the braking force operation member is for operating a
braking force of a braking force generating portionin such
a manner that the braking force is variable, the braking
force generating portion generates the braking force.

EFFECTS OF THE INVENTION

[0015] According to the invention related to claim 1, at
the startup of the vehicle, the engine is controlled so that
the startup engine torque calculated on the basis of the
clutch torque and the clutch temperature is achieved. Be-
cause the engine is controlled to achieve the startup en-
gine torque calculated on the basis of the clutch temper-
ature as described above, the clutch is prevented from
being overheated. That is, as the clutch temperature in-
creases, the startup engine torque is restrained from in-
creasing, and consequently, an engine rotation speed is
restrained from increasing. As a consequence, a clutch
difference rotation speed is restrained from increasing,
and the overheating of the clutch is prevented from oc-
curring.

[0016] In addition, because the engine is controlled to
achieve the startup engine torque calculated on the basis
of the clutch torque, the engine rotation speed is prevent-
ed from decreasing. That is, in a case where a driver
increases an amount of the operation of the clutch oper-
ation member in an engagement direction of the clutch
operation member and thus the clutch torque increases,
the startup engine torque increases in association with
the increase of the clutch torque. Consequently, the en-
gine rotation speed is prevented from decreasing and a
drive power desired by the driver can be maintained, and
as aresult, the drive device for the vehicle which includes
an excellent drivability may be provided.

[0017] On the other hand, in a case where the driver
reduces the amount of the operation of the clutch oper-
ation member in the engagement direction and thus the
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clutchtorque decreases, the startup engine torque is con-
trolled to decrease in association with the decrease of
the clutch torque. Consequently, the engine rotation
speed is prevented from increasing unnecessarily, and
occurrence of noises and/or unnecessary fuel consump-
tion are prevented.

[0018] According to the invention related to claim 2,
the upper limit calculation portion calculates the upper
limit value of the startup engine rotation speed. As the
clutch temperature becomes higher, the upper limitvalue
of the startup engine rotation speed decreases more.
Then, the first calculation portion calculates the startup
engine torque on the basis of the clutch torque, and the
difference rotation speed between the rotation speed of
the engine and the upper limit value of the startup engine
rotation speed. Because the upper limit value of the star-
tup engine rotation speed, which decreases more as the
clutch temperature becomes higher, is calculated as de-
scribed above, the startup engine torque is restrained
from increasing. Consequently, in a case where the
clutch temperature is high, the clutch is prevented from
further being overheated, and deterioration of the clutch
is prevented.

[0019] According to the invention related to claim 3,
the engine control portion controls the engine so that the
startup engine torque is achieved in a case where the
engine rotation speed is equal to or more than the pre-
determined rotation speed. Accordingly, in a case where
the rotation speed of the engine is lower than the prede-
termined rotation speed, a normal engine control is ex-
ecuted, that is, the engine is controlled in accordance
with an operation of an accelerator performed by the driv-
er. Consequently, in a state where the rotation speed of
the engine is lower than the predetermined rotation
speed that does not cause the clutch to be overheated,
the engine torque does not deviate from an intention of
the driver, and thus the driver does not feel a sense of
discomfort.

[0020] According to the invention related to claim 4,
the engine control portion controls the engine so that the
required engine torque is achieved in a case where the
required engine torque is equal to or less than the startup
engine torque. Accordingly, the engine is controlled to
achieve the required engine torque that reflects the in-
tension of the driver in a case where the required engine
torque is equal to or less than the startup engine torque.
Consequently, the engine torque does not deviate from
the intention of the driver, and thus the engine rotation
speed can be prevented from excessively increasing
while the sense of discomfort of the driver is reduced.
[0021] According to the invention related to claim 5,
the third calculation portion calculates the maintaining
torque on the basis of the load acting on the engine. The
first calculation portion calculates the startup engine
torque while adding the maintaining torque. Accordingly,
the startup engine torque to which increase and decrease
of the load of the engine has been added is calculated.
Consequently, the engine rotation speed can be prevent-
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ed from increasing and/or decreasing in association with
the increase and decrease of the load of the engine. The
above-mentioned engine load includes operations of an
air conditioner, a head light, and an alternator for electric
power generation, for example.

[0022] According to the invention related to claim 6,
the first obtaining portion is a clutch operation amount
detection portion detecting an operation amount of the
clutch operation member. Accordingly, the clutch torque
can be obtained with a simple configuration and in a re-
liable manner.

[0023] According to the invention related to claim 7,
the engine control portion controls the engine so that the
startup engine torque is achieved only in a case where
the vehicle speed is smaller than the predetermined
speed. Accordingly, after the startup of the vehicle, in a
case where the driver performs an operation to disen-
gage the clutch for the purpose of conducting a speed
change operation, the engine is not controlled in such a
manner that the startup engine torque calculated on the
basis of the clutch torque is achieved. Consequently, the
vehicle does not decelerate and the driver does not feel
the sense of discomfort.

[0024] According to the invention related to claim 8,
the engine control portion controls the engine to achieve
the startup engine torque only in a case where the braking
force operation member is not being operated. Accord-
ingly, in a case where the braking force operation mem-
beris being operated, the engine is not controlled in such
a manner that the startup engine torque, which is calcu-
lated on the basis of the clutch torque, is achieved. Con-
sequently, the vehicle can be decelerated and/or stopped
safely.

BRIEF DESCRIPTION OF DRAWINGS
[0025]

[Fig. 1] is a structural view of a drive device for a
vehicle of the present embodiment.

[Fig. 2] is an example of "Clutch torque mapping da-
ta" representing a relationship between a clutch
stroke and a clutch torque.

[Fig. 3] is a graph representing an overview of the
present embodiment, wherein a horizontal axis rep-
resents atime elapsed, and a vertical axis represents
an engine rotation speed, an input shaft rotation
speed, an engine torque, the clutch torque, an ac-
celerator stroke, a clutch stroke and a brake stroke.
[Fig. 4] is a flowchart of "Clutch/engine cooperative
control".

[Fig. 5] is a flowchart of "Torque down control" that
is a subroutine of "Clutch/engine cooperative con-
trol".

[Fig. 6] is a diagram showing an example of "Engine
rotation speed reduction torque calculation data" that
is mapping data representing a relationship of a dif-
ference rotation speed between an upper limit value
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NI of the startup engine rotation speed and a current
engine rotation speed Ne, and an engine rotation
speed reduction torque Ten with each other.

[Fig. 7] is a flowchart of "Maintaining torque calcula-
tion process" that is a subroutine of "Torque down
control".

[Fig. 8] is a diagram showing "Compressor auxiliary
machine torque calculation data" that is mapping da-
ta representing a relationship between the engine
rotation speed Ne and a compressor auxiliary ma-
chine torque Tac.

[Fig. 9] is a diagram showing "Calculation data of the
upper limitvalue of the startup engine rotation speed"
that is mapping data representing a relationship be-
tween a clutch temperature Tmpc and the upper limit
value NI of the startup engine rotation speed.

MODE FOR CARRYING OUT THE INVENTION

[0026] (Explanation of vehicle) A drive device 1 for a
vehicle according an embodiment of the present inven-
tion will be described with reference to Fig. 1. Fig. 1is a
view illustrating a configuration of the drive device 1 for
the vehicle of a vehicle 100 provided with an engine 2.
In Fig. 1, the bold lines indicate mechanical connection
among the devices and the arrows by broken lines indi-
cate signal lines for controlling.

[0027] As illustrated in Fig. 1, the engine 2, a clutch 3,
a manual transmission 4 and a differential 17 are provid-
ed on the vehicle 100 in series with one another in the
above-mentioned order of arrangement. Drive wheels
18R, 18L of the vehicle 100 are connected to the differ-
ential 17. The drive wheels 18R, 18L are either front, rear
or front/rear wheels of the vehicle 100.

[0028] The vehicle includes an accelerator pedal 51
(anengine operation member), a clutch pedal 53 (a clutch
operation member) and a brake pedal 56 (a braking force
operation member). The accelerator pedal 51 operates
an engine torque outputted by the engine 2 in such a
manner that the engine torque is variable. The acceler-
ator pedal 51 is provided with an acceleration sensor 52
detecting an accelerator stroke Ac which corresponds to
an operation amount of the accelerator pedal 51.
[0029] The clutch pedal 53 is for causing the clutch 3
to be in a disconnected state or in a connected state, and
for causing a clutch torque Tc which will be described
below to be variable. The vehicle 100 includes a master
cylinder 55 which generates afluid pressure correspond-
ing to an operation amount of the clutch pedal 53. The
master cylinder 55 is provided with a clutch sensor 54
which detects a stroke (a clutch stroke Cl) of the master
cylinder 55.

[0030] The brake pedal 56 is provided with a brake
sensor 57 which detects an operation amount (a brake
stroke) of the brake pedal 56. The vehicle 100 includes
a brake master cylinder (not shown) which generates a
fluid pressure corresponding to the operation amount of
the brake pedal 56 and a brake device 19 (a braking force
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generating portion) which generates a braking force to
the wheels in accordance with a master pressure gener-
ated by the brake master cylinder.

[0031] Theengine 2is, for example, a gasoline engine
or a diesel engine which uses hydrocarbon based fuel
including, for example, gasoline or light oil. The engine
2 includes a drive shaft 21, a throttle valve 22, an engine
rotation speed sensor 23, an oil temperature sensor 25
and a fuel injection apparatus 28. The drive shaft 21 ro-
tates unitary with a crankshaft which is rotatably driven
by a piston. Thus, the engine 2 outputs an engine torque
Te to the drive shaft 21 and drives the drive wheels 18R,
18L. In a case where the engine 2 is the gasoline engine,
an ignition apparatus (not shown) for igniting an air-fuel
mixture gas in the cylinder is provided at a cylinder head
of the engine 2.

[0032] The throttle valve 22 is provided in a pathway
through which air is taken into the cylinder of the engine
2. The throttle valve 22 is for adjusting an amount of the
air taken into the cylinder of the engine 2. The fuel injec-
tion apparatus 28 is provided at a pathway through which
the air is taken inside the engine 2 or at the cylinder head
of the engine 2. The fuel injection apparatus 28 is an
apparatus which injects the fuel including, for example,
the gasoline or the light oil.

[0033] Theenginerotation speedsensor23is provided
at a position adjacent to the drive shaft 21. The engine
rotation speed sensor 23 detects an engine rotation
speed Ne which corresponds to a rotation speed of the
drive shaft 21 and outputs the detected signal to a control
portion 10. The oil temperature sensor 25 detects an oil
temperature t of engine oil lubricating the engine 2 and
outputs the detection signal to the control portion 10. In
the present embodiment, the drive shaft 21 of the engine
2 is connected to a flywheel 31 which is an input member
of the clutch 3 which will be described below.

[0034] A generator 26 and a compressor 27a of an air
conditioner 27 are connected to the drive shaft 21 of the
engine 2 or to a shaft and/or a gear rotated in association
with the drive shaft 21. The generator 26 generates elec-
tric power necessary for the vehicle 100.

[0035] The clutch 3 is provided between the drive shaft
21 of the engine 2 and an input shaft 41 of the manual
transmission 4 which will be described below. The clutch
3 is a manually-operated type clutch which connects or
disconnects the drive shaft 21 and the input shaft 41 with
each other via the operation of the clutch pedal 53 oper-
ated by a driver, and causes the clutch torque Tc (shown
in Fig. 2) between the drive shaft 21 and the input shaft
41 to be variable. The clutch 3 includes the flywheel 31,
a clutch disc 32, a clutch cover 33, a diaphragm spring
34, a pressure plate 35, a clutch shaft 36, arelease bear-
ing 37 and a slave cylinder 38.

[0036] The flywheel 31 is formed in a disc plate shape
and is connected to the drive shaft 21. The clutch shaft
36 is connected to the input shaft 41. The clutch disc 32
is formed in a disc plate shape and is provided with a
friction material 32a at outer peripheral surfaces of both
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sides of the clutch disc 32. The friction material 32a is a
so-called clutch lining, and is formed from aggregate in-
cluding metal, and a binder including synthetic resin
which binds the aggregate, for example. The clutch disc
32 faces the flywheel 31, and is in spline-fitted with a tip
end of the clutch shaft 36 to be movable in an axial di-
rection and not to be rotatable.

[0037] The clutch cover 33 is formed from a cylindrical
portion 33a formed in a flattened cylindrical shape and a
plate portion 33b extending in a rotation center direction
from one end of the cylindrical portion 33a. The other end
of the cylindrical portion 33a is connected to the flywheel
31. Therefore, the clutch cover 33 rotates integrally with
the flywheel 31. The pressure plate 35 includes a disc
shape having a hole ata center thereof. Ata side opposite
to the flywheel 31, the pressure plate 35 is provided to
face the clutch disc 32 and to be movable in the axial
direction. The clutch shaft 36 is inserted into the pressure
plate 35 at the center of the pressure plate 35.

[0038] The diaphragm spring 34 is formed from a ring
portion 34a of a ring shape and plural plate spring por-
tions 34b extending inwardly from an inner peripheral
edge of the ring portion 34a. The plate spring portions
34b are gradually inclined towards an inner direction to
be positioned at a side of the plate portion 33b. The plate
spring portions 34b are elastically deformable in the axial
direction. The diaphragm spring 34 is disposed between
the pressure plate 35 and the plate portion 33b of the
clutch cover 33 in a state where the plate spring portions
34b are compressed in the axial direction. The ring por-
tion 34a is in contact with the pressure plate 35. An in-
termediate portion of the plate spring portion 34b is con-
nected to an inner peripheral edge of the plate portion
33b. The clutch shaft 36 is inserted into a center of the
diaphragm spring 34.

[0039] Therelease bearing 37 is attachedto ahousing,
which is not shown, of the clutch 3. The clutch shaft 36
is inserted into a center of the release bearing 37 to be
movable in the axial direction. The release bearing is
constituted by a first member 37a and a second member
37b which oppose each other and are rotatable relative
to each other. The first member 37a is in contact with a
tip end of the plate portion 33b.

[0040] The slave cylinder 38 includes a push rod 38a
which advances and retreats due to the fluid pressure.
A tip end of the push rod 38a is in contact with the second
member 37b of the release bearing 37. The slave cylinder
38 and the master cylinder 55 are connected with each
other with a fluid pressure pipe 58.

[0041] In a state where the clutch pedal 53 is not being
depressed, fluid pressure is generated at neither the
master cylinder 55 nor the slave cylinder 38. In this state,
via the pressure plate 35, the clutch disc 32 is biased by
the diaphragm spring 34 towards the flywheel 31 and is
pushed against the flywheel 31. Accordingly, due to a
friction force of the friction material 32a and the flywheel
31 and a friction force of the friction material 32a and the
pressure plate 35, a connected state is established in
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which the flywheel 31, the clutch disc 32 and the pressure
plate 35 rotate integrally with one another, and the drive
shaft 21 and the input shaft 41 rotate integrally with each
other.

[0042] On the other hand, when the clutch pedal 53 is
depressed, the fluid pressure is generated in the master
cylinder 55 and the fluid pressure is generated also in
the slave cylinder 38. Thus, the push rod 38a of the salve
cylinder 38 pushes the release bearing 37 towards the
diaphragm spring 34. Then, the plate spring portions 34b
are deformed while connecting portions of the plate
spring portions 34b at which the plate spring portions 34b
are connected with the inner peripheral edge of the plate
portion 33b serve as fulcrum points, and the biasing force
biasing the clutch disc 32 towards the flywheel 31 de-
creases and finally becomes 0.

[0043] As shown in Fig. 2, as the clutch stroke Cl cor-
responding to the stroke of the master cylinder 55 in-
creases, the clutch torque Tc transmitted by the clutch 3
from the drive shaft 21 to the input shaft 41 decreases.
When the above-described biasing force becomes 0, the
clutch torque Tc becomes 0 and the clutch 3 comes to
be in a completely-disconnected state. Thus, as de-
scribed above, the clutch 3 according to the present em-
bodiment is a normally closed type clutch, in which the
clutch 3 is in the connected state when the clutch pedal
53 is not being depressed.

[0044] The manualtransmission 4 is provided between
the clutch 3 and the differential 17. That is, the manual
transmission 4 is provided between the drive shaft 21,
and the drive wheels 18R, 18L. The manual transmission
4 is a stepped stage transmission which selectively
switches plural speed stages each including a different
change gear ratio that is obtained by dividing a rotation
speed (an input shaft rotation speed Ni) of the input shaft
41 by a rotation speed (an output shaft rotation speed
No) of the output shaft 42. Plural idler gears which are
idly rotatable relative to the shaft, and plural fixed gears
which mesh with the idler gears and are not idly rotatable
relative to the shaft (which are not shown) are attached
to either one of the input shaft 41 and the output shaft42.
[0045] In addition, the manual transmission 4 includes
a selection mechanism which selects one idler gear from
the plural idler gears and causes the selected idler gear
to fit to the shaft to which the idler gear is attached in
such a manner that the selected idler gear is not idly
rotatable relative to the shaft. Due to such a configuration,
the input shaft 41 rotates in association with the drive
wheels 18R, 18L. Further, the manual transmission 4 in-
cludes a shift operation mechanism (not shown) which
converts an operation of the shift lever 45 performed by
the driver into a force that operates the selection mech-
anism.

[0046] An input shaft rotation speed sensor 43 which
detects the input shaft rotation speed Niis arranged at a
position adjacenttoinput shaft41. The input shaft rotation
speed Ni (a clutch rotation speed Nc) detected by the
input shaft rotation speed sensor 43 is outputted to the
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control portion 10.

[0047] The output shaft 42 is rotatably connected to
the drive wheels 18R, 18L via the differential 17. An out-
put shaft rotation speed sensor 46 which detects the out-
put shaft rotation speed No is arranged at a position ad-
jacent to the output shaft 42. The output shaft rotation
speed No detected by the output shaft rotation speed
sensor 46 is outputted to the control portion 10.

[0048] The control portion 10 controls the vehicle 100
in an integrated manner. The control portion 10 includes
a storage portion configured by, for example, CPU, RAM,
ROM and/or a nonvolatile memory (which are not
shown). The CPU executes programs corresponding to
the flowcharts shown in Fig. 4, Fig. 5 and Fig. 7. The
RAM temporarily stores variables necessary for execut-
ing the programs. The storage portion stores the above-
described programs and/or the mapping data shown in
Fig. 2, Fig. 6, Fig. 8 and Fig. 9.

[0049] On the basis of the accelerator stroke Ac of the
acceleration sensor 52 according to an operation of the
driver on the accelerator pedal 51, the control portion 10
(a second calculation portion) calculates a required en-
gine torque Terwhich corresponds to torque of the engine
2 which is required by the driver. Then, on the basis of
the required engine torque Ter, the control portion 10
adjusts an opening degree S of the throttle valve 22 to
adjust an amount of intake air, and the control portion 10
adjusts a fuel injection amount of the fuel injection appa-
ratus 28 to control the ignition apparatus.

[0050] Thus, a supply amount of the air-fuel mixture
gas including the fuel is adjusted and the engine torque
Te outputted by the engine 2 is adjusted to be the required
engine torque Ter, and the engine rotation speed Ne is
adjusted. In a case where the accelerator pedal 51 is not
being depressed (accelerator stroke Ac = 0), the engine
rotation speed Ne is maintained at an idling rotation
speed (for example, 700 r.p.m.).

[0051] The control portion 10 (a first obtaining portion)
calculates the clutch torque Tc which is torque that the
clutch 3 can transmit from the drive shaft 21 to the input
shaft 41 on the basis of the clutch stroke Cl detected by
the clutch sensor 54, while the control portion 10 referring
to "Clutch torque mapping data" shown in Fig. 2 and rep-
resenting a relationship between the clutch stroke Cland
the clutch torque Tc.

[0052] The control portion 10 calculates a vehicle
speed V on the basis of the output shaft rotation speed
No detected by the output shaft rotation speed sensor
46. The control portion 10 calculates a clutch difference
rotation speed Ac which corresponds to a difference ro-
tation speed of the clutch 3 by subtracting the input shaft
rotation speed Ni detected by the input shaft rotation
speed sensor 43 from the engine rotation speed Ne de-
tected by the engine rotation speed sensor 23. In other
words, the clutch difference rotation speed Ac is the dif-
ference rotation speed of the clutch 3, that is, a difference
rotation speed between the drive shaft 21 and the input
shaft 41.
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[0053] The control portion 10 (a second obtaining por-
tion) estimates (calculates) and obtains a clutch temper-
ature Tmpc (a temperature of the friction material 32a)
on the basis of the vehicle speed V, the oil temperature
t, the engine rotation speed Ne and the input shaft rotation
speed Ni. A method of estimating the temperature of the
clutch 3 is a known technique described in, for example,
JP4715132B, and therefore further detailed explanations
will be omitted.

[0054] The configuration including the engine 2, the
clutch 3, the manual transmission 4, the control portion
10, the clutch pedal 53, the clutch sensor 54, the master
cylinder 55, the accelerator pedal 51, the acceleration
sensor 52, the brake pedal 56, the brake sensor 57 and
the fluid pressure pipe 58 corresponds to the drive device
1 for the vehicle, according to the present embodiment.
[0055] (Overview of the present embodiment) An over-
view of the present embodiment will be described here-
under with reference to Fig. 3. "Torque down control" is
executed in a case where the vehicle speed V is equal
to or less than predetermined, the brake pedal 56 is not
being depressed, and the clutch difference rotation
speed Ac is equal to or more than predetermined, that
is, in a case where the vehicle 100 is in a startup state
and the clutch 3 is in a clutch half-engaged state.
[0056] As shown in Fig. 3, "Torque down control" is a
control under which the engine torque Te is controlled to
be reduced as indicated by the solid line in Fig. 3 com-
pared to the required engine torque Ter (the torque indi-
cated by the alternate long and two short dashes line in
Fig. 3) calculated on the basis of the operation of the
accelerator pedal 51 performed by the driver. As de-
scribed above, by executing "Torque down control", the
clutch 3 is prevented from being overheated in the clutch
half-engaged state, the overheating of the clutch 3 attrib-
uting to that the engine rotation speed Ne largely exceeds
an upper limit value NI of the startup engine rotation
speed as indicated by the alternate long and short dash
line in Fig. 3 and that the clutch difference rotation speed
Ac increases.

[0057] Specifically, at startup of the vehicle 100, in con-
trast to the states other than the startup of the vehicle
100, the control portion 10 calculates a startup engine
torque Tes on the basis of the following formula (1). Then,
the control portion 10 controls the engine 2 so that the
engine torque Te becomes the startup engine torque Tes

Tes=Tc+Ten+Tk ... (1)

Tes = Startup engine torque

Tc = Clutch torque

Ten = Enginerotation speed reductiontorque (aneg-
ative value)

Tk = Maintaining torque

[0058] The engine rotation speed reduction torque Ten
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is a negative torque that is needed to reduce the rotation
speed of the engine 2 down to the upper limit value NI of
the startup engine rotation speed. The maintaining torque
Tk is torque which is necessary, in addition to the clutch
torque Tc and the engine rotation speed reduction torque
Ten, to maintain the upper limit value NI of the startup
engine rotation speed in a case where "Torque down
control is being executed. The maintaining torque Tk is
calculated according to load by an auxiliary machine con-
nected to the drive shaft 21 of the engine 2, for example.
[0059] Here, the upper limit value NI of the startup en-
gine rotation speed is calculated on the basis of the clutch
temperature Tmpc. As will be described below, the tem-
perature of the clutch 3 is prevented from further increas-
ing in a state where the clutch 3 is at high temperatures
because the upper limit value NI of the startup engine
rotation speed, which decreases more as the tempera-
ture of the clutch 3 increases, is set.

[0060] In a case where the driver releases the clutch
pedal 53 and accordingly the clutch torque Tcincreases,
the startup engine torque Tes increases in association
with the increase of the clutch torque Tc. That is, in a
case where the clutch torque Tc increases, the startup
engine torque Tes increases without waiting for the en-
gine rotation speed Ne to decrease. Accordingly, the en-
gine rotation speed Ne is prevented from decreasing.
[0061] On the other hand, in a case where the clutch
torque Tc decreases because the driver presses down
the clutch pedal 53, the startup engine torque Tes de-
creases in association with the decrease of the clutch
torque Tc. That is, in a case where the clutch torque Tc
decreases, the startup engine torque Tes decreases
without waiting for the engine rotation speed Ne to in-
crease. Accordingly, the engine rotation speed Neis pre-
vented from increasing unnecessarily. Further details will
be described hereunder with reference to the flowchart
shown in Fig. 4.

[0062] (Clutch/engine cooperative control) "Clutch/en-
gine cooperative control" will be described hereunder us-
ing the flowchart of Fig. 4. In a case where an ignition
key of the vehicle 100 is turned ON and the engine 2 is
started, "Clutch/engine cooperative control" starts, and
the program proceeds to S 11.

[0063] At S11, in a case where the control portion 10
determines on the basis of the detection signal of the
brake sensor 57 that the brake pedal 56 is not being
depressed and the braking force is not being generated
(brake OFF) at the brake device 19 (S11: YES), the con-
trol portion 10 moves the program to S12. On the other
hand, in a case where the control portion 10 determines
that the brake pedal 56 is being depressed and the brak-
ing force is generated (brake ON) at the brake device 19
(S11: NO), the control portion 10 moves the program to
S18.

[0064] At S12,in a case where the control portion 10
determines on the basis of the detection signal from the
clutch sensor 54 that the clutch torque TC is not 0 (the
clutch 3 is not completely disconnected) (S12: YES), the
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control portion 10 moves the program to S13. On the
other hand, at S12, in a case where the control portion
10 determines that the clutch torque Tc is 0 (the clutch
3 is completely disconnected) (S12: NO), the control por-
tion 10 moves the program to S18.

[0065] AtS 13, in a case where the control portion 10
determines that the current vehicle speed V is smaller
than a specified speed that is predetermined (for exam-
ple, 20 km/h) (S13: YES), the control portion 10 moves
the program to S14. At S13, in a case where the control
portion 10 determines that the vehicle speed V is equal
to or more than the specified speed (S13: NO), the control
portion 10 moves the program to S18.

[0066] At S14, in a case where the control portion 10
determines that the clutch difference rotation speed Ac
is equal to or more than a specified difference rotation
speed A (for example, 500 r.p.m.) on the basis of the
detection signals outputted by the engine rotation speed
sensor 23 and the input shaft rotation speed sensor 43
(S14: YES), the control portion 10 moves the program to
S 15. On the other hand, in a case where the control
portion 10 determines that the clutch difference rotation
speed Ac is less than the specified difference rotation
speed A (S14: NO), the control portion 10 moves the
program to S18.

[0067] At S15, the control portion 10 (an upper limit
calculation portion) calculates the upper limit value NI of
the startup engine rotation speed. Specifically, the control
portion 10 refers to "Setting data of the upper limit value
of the startup engine rotation speed" shown in Fig. 9 and
calculates the upper limit value NI of the startup engine
rotation speed on the basis of the clutch temperature
Tmpc. "Setting data of the upper limit value of the startup
engine rotation speed" is set in such a manner that the
upper limit value NI of the startup engine rotation speed
decreases as "Clutch temperature” is higher. In a case
where the clutch temperature Tmpc is less than a pre-
determined temperature (for example, 250 °C), the upper
limit value NI of the startup engine rotation speed is set
at a rotation speed limiter value of the engine 2 (for ex-
ample, 6000 r.p.m.).

[0068] In a case where the clutch temperature Tmpc
is between "Clutch temperatures" which are specified in
"Setting data of the upper limit value of the startup engine
rotation speed”, the upper limit value NI of the startup
engine rotation speed is calculated by means of linear
interpolation on the basis of the "Clutch temperatures”
neighboring the current clutch temperature Tmpc at both
sides thereof and on the basis of the current clutch tem-
perature Tmpc. When S15 ends, the program proceeds
to S16.

[0069] At S16, in a case where the control portion 10
determines that the engine rotation speed Ne is equal to
or more than the upper limit value NI of the startup engine
rotation speed (S16: YES), the control portion 10 moves
the program to S17. In a case where the control portion
10 determines that the engine rotation speed Ne is lower
than the upper limit value NI of the startup engine rotation
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speed (S16: NO), the control portion 10 moves the pro-
gram to S18.

[0070] AtS17,the control portion 10 executes "Torque
down control". "Torque down control" will be described
with reference to the flowchart shown in Fig. 5. When
S17 ends, the program returns to S 11.

[0071] At S18, the control portion 10 ends "Torque
down control" in a case where "Torque down control" has
been started. Then, the control portion 10 executes "Nor-
mal engine control". That is, the control portion 10 con-
trols the engine 2 so that the engine torque Te becomes
the required engine torque Ter calculated on the basis
of the operation of the accelerator pedal 51 which is per-
formed by the driver. When S18 ends, the program re-
turns to S 11.

[0072] (Torque down control) "Torque down control"
will be described hereunder using the flowchart of Fig.
5. When "Torque down control" is started, the program
proceeds to S17-1.

[0073] AtS17-1,the control portion 10 refers to "Clutch
torque mapping data" shown in Fig. 2 and calculates the
clutch torque Tc on the basis of the clutch stroke Cl de-
tected by the clutch sensor 54. When S17-1 ends, the
program proceeds to S17-2.

[0074] At S17-2, the control portion 10 calculates the
upper limit value NI of the startup engine rotation speed
in the same manner as S15 of Fig. 4. When S17-2 ends,
the program proceeds to S17-3.

[0075] At S17-3, the control portion 10 calculates the
engine rotation speed reduction torque Ten. Specifically,
the control portion 10 refers to "Engine rotation speed
reduction torque calculation data" shown in Fig. 6 and
calculates the engine rotation speed reduction torque
Ten on the basis of "Engine difference rotation speed"
obtained by subtracting the current engine rotation speed
Ne from the upper limit value NI of the startup engine
rotation speed.

[0076] Ina case where the value obtained by subtract-
ing the current engine rotation speed Ne from the upper
limit value NI of the startup engine rotation speed is a
plus value, that is, in a case where the current engine
rotation speed Ne is lower than the upper limit value NI
of the startup engine rotation speed, the engine rotation
speed reduction torque Ten is set as 0. The engine ro-
tation speed reduction torque Tenis setin such amanner
that the greater an absolute value of the value obtained
by subtracting the engine rotation speed reduction torque
Ten from the upper limit value NI of the startup engine
rotation speed is, the larger an absolute value of the en-
gine rotation speed reduction torque Ten is. In other
words, the engine rotation speed reduction torque Ten
is setin such a manner that the higher the current engine
rotation speed Ne is than the upper limit value NI of the
startup engine rotation speed, the larger the absolute val-
ue of the engine rotation speed reduction torque Ten is.
[0077] In a case where the above-described "Engine
difference rotation speed" is between "Difference rotation
speeds" specified in "Engine rotation speed reduction
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torque calculation data" shown in Fig. 6, the engine ro-
tation speed reductiontorque Tenis calculated by linearly
interpolating "Target engine rotation speeds" which cor-
respond to "Difference rotation speeds" neighboring the
current "Engine difference rotation speeds" at both sides
thereof. When S17-3 ends, the program proceeds to
S17-4.

[0078] At S17-4, the control portion 10 calculates the
maintaining torque Tk. The maintaining torque Tk is the
torque needed to maintain the upper limit value NI of the
startup engine rotation speed, in addition to the clutch
torque Tc and the engine rotation speed reduction torque
Ten. The calculation of the maintaining torque Tk will be
described using the flowchart of "Maintaining torque cal-
culation process" shown in Fig. 7.

[0079] When "Maintaining torque calculation process"
is started, the program proceeds to S31. At S31, the con-
trol portion 10 (a load obtaining portion) calculates an
engine friction torque Tef on the basis of the current oil
temperature t and the current engine rotation speed Ne.
When S31 ends, the program proceeds to S32.

[0080] AtS32,the control portion 10 (the load obtaining
portion) calculates an auxiliary machine torque Ta. The
auxiliary machine torque Ta is torque necessary for driv-
ing the auxiliary machine connected to the drive shaft 21
of the engine 2, and corresponds to a total torque of a
friction torque of the auxiliary machine and an inertia
torque of the auxiliary machine. A method of calculating
a compressor auxiliary machine torque Tac of the com-
pressor 27a of the air conditioner 27, which is one of the
auxiliary machines, will be described hereunder. The
control portion 10 refers to "Compressor auxiliary ma-
chine torque calculation data" shown in Fig. 8 and rep-
resenting a relationship between "Engine rotation speed"
and "Compressor auxiliary machine torque", and the con-
trol portion 10 calculates the compressor auxiliary ma-
chine torque Tac on the basis of the current engine ro-
tation speed Ne.

[0081] The higher the engine rotation speed Ne is, the
greater the compressor auxiliary machine torque Tac is
set. In addition, the compressor auxiliary machine torque
Tac is set to be larger when the air conditioner is ON
compared to when the air conditioner is OFF. In a case
where the current engine rotation speed Ne is between
"Engine rotation speeds" specified in "Compressor aux-
iliary machine torque calculation data" shown in Fig. 8,
the compressor auxiliary machine torque Tac is calculat-
ing by linearly interpolating "Compressor auxiliary ma-
chine torques" which correspond to "Engine rotation
speeds" neighboring the current engine rotational speed
Ne at both sides thereof.

[0082] In a method similar to the method of calculating
the compressor auxiliary machine torque Tac, the control
portion 10 calculates a generator auxiliary machine
torque Tag of the generator 26 that is one of the auxiliary
machines and/or other auxiliary torque of the auxiliary
machine connected to the drive shaft 21 of the engine 2.
The control portion 10 calculates the sum of, forexample,
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the auxiliary machine torque Ta and/or the generator aux-
iliary machine torque Tag, and calculates the auxiliary
machine torque Ta. When S32 ends, the program pro-
ceeds to S33.

[0083] AtS33,the control portion 10 (the load obtaining
portion) calculates an adjustment torque a. The adjust-
ment torque o is torque needed to maintain the engine
rotation speed Ne in addition to the engine friction torque
Tef and the auxiliary machine torque Ta, and the adjust-
ment torque « is calculated on the basis of information
including, for example, the engine rotation speed Ne.
When S33 ends, the program proceeds to S34.

[0084] At S34,the control portion 10 (a third calculation
portion) calculates the maintaining torque Tk on the basis
of the following formula (2).

Tk=Tef+Ta+Ta ... (2)

Tk ... Maintaining torque

Tef ... Engine friction torque
Ta ... Auxiliary machine torque
Ta ... Adjustment torque

When S34 ends, S 17-4 of Fig. 5 ends and the program
proceeds to S17-5.

[0085] At S17-5, the control portion 10 (a first calcula-
tion portion) calculates the startup engine torque Tes on
the basis of the above-described formula (1). When
S17-5 ends, the program proceeds to S17-6.

[0086] At S17-6, the control portion 10 moves the pro-
gram to S17-7 in a case where the control portion 10
determines that the startup engine torque Tes is smaller
than the required engine torque Ter (S17-6: YES), and
the control portion 10 moves the program to S17-8 in a
case where the control portion 10 determines that the
startup engine torque Tes is equal to or more than the
required engine torque Ter (S17-6: NO).

[0087] At S17-7, the control portion 10 controls the
throttle valve 22, the fuel injection apparatus 28 and/or
the ignition apparatus so that the engine torque Te gen-
erated by the engine 2becomes the startup engine torque
Tes calculated at S17-5. When S17-7 ends, the program
returns to S11 of Fig. 4.

[0088] At S17-8, the control portion 10 controls the
throttle valve 22, the fuel injection apparatus 28 and/or
the ignition apparatus so that the engine torque Te gen-
erated by the engine 2 becomes the required engine
torque Ter. When S17-8 ends, the program returns to
S11 of Fig. 4.

[0089] (Explanation of vehicle startup) "Clutch/engine
cooperative control" at the startup of the vehicle 100 will
be described hereunder using Fig. 3 and Fig. 4. In Fig.
3, "Stopper position" is a position at which each of the
pedals 51, 53, 56 is pressed down (operated) maximally.
In a case where each of the pedals 51, 53, 56 is at "Stop-
per position", each stroke is at a maximum.
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[0090] (Time elapsed TO) The brake pedal 56 is
pressed down in this state, and therefore the determina-
tion of NO is made at S11 of Fig. 4, proceeds to S18, and
"Normal control" is executed. That is, the control of the
engine 2 depends on operation of the accelerator by the
driver. The accelerator pedal 51 is not depressed in this
state, and therefore the engine rotation speed Ne is at
the idling rotation speed (for example, 700 r.p.m.).
[0091] (Time elapsed T1) The clutch 3 is completely
disconnected in this state, and therefore the determina-
tion of NO is made at S12 of Fig. 4, proceeds to S18, and
"Normal control" is executed. That is, the control of the
engine 2 depends on the operation of the accelerator by
the driver. Because the accelerator pedal 51 is de-
pressed, the engine rotation speed Ne and the engine
torque Te which are according to the accelerator stroke
Ac are obtained.

[0092] (Time elapsed T2) The clutch 3 is in the clutch
half-engaged state in this state, and therefore the deter-
mination of YES is made at S12 of Fig. 4. Thereafter, the
determination of NO is made at S16 because the engine
rotation speed Ne is lower than the upper limit value N1
of the startup engine rotation speed even though the
clutch difference rotation speed Ac is equal to or more
than the specified difference rotation speed A, then, it
proceeds to S18, and "Normal control" is executed.
[0093] (Time elapsed T3) The engine rotation speed
Ne is equal to or more than the upper limit value NI of
the startup engine rotation speed in this state, and there-
fore the determination of YES is made at S16, proceeds
to S18, and "Torque down control" is executed. Because
the engine rotation speed Ne exceeds the upper limit
value NI of the startup engine rotation speed, the engine
rotation speed reduction torque Ten corresponding to a
negative value is set and the startup engine torque Tes
is reduced. As a result, the engine rotation speed Ne
decreases compared to the engine rotation speed (the
alternate long and short dash line in Fig. 3) at "Normal
control" and is controlled not to significantly exceed the
upper limit value NI of the startup engine rotation speed.
As a consequence, the clutch difference rotation speed
Ac is restrained from increasing and the clutch temper-
ature Tmpc is restrained from increasing.

[0094] (Time elapsed T4) The engine rotation speed
Ne has become slower than the upper limit value NI of
the startup engine rotation speed in this state, and there-
fore it proceeds to S18 according to the determination at
S 14 of Fig. 4, and "Normal control" is executed.

[0095] (Time elapsed T5) In this state, because the
clutch difference rotation speed Ac is smaller than the
specified difference rotation speed A (for example, 500
r.p.m.), the determination of NO is made at the determi-
nation of S14, proceeds to S18, and "Normal control" is
executed.

[0096] In contrast, conventionally, at the startup of the
vehicle, the engine 2 is controlled to achieve the required
engine torque Ter that is based on the operation of the
accelerator pedal 51 by the driver (the alternate long and
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two short dashes line in Fig. 3). Accordingly, in a case
where the driver presses down the accelerator pedal 51
at the startup of the vehicle, the engine rotation speed
Ne increases as indicated by the alternate long and short
dash line in Fig. 3, and as a result, the clutch difference
rotation speed Ac increases at the engagement of the
clutch 3, and the clutch 3 is overheated.

[0097] (Effects of the present embodiment) As is clear
from the above explanation, at the startup of the vehicle
100 (YES at all of S11 through S14 of Fig. 4), the engine
2 is controlled so that the startup engine torque Tes cal-
culated according to the above-described formula (1) on
the basis of the clutch torque Tc and the clutch temper-
ature Tmpc is achieved. Because the engine 2 is con-
trolled to achieve the startup engine torque Tes calculat-
ed on the basis of the clutch temperature Tmpc as de-
scribed above, the clutch 3 is prevented from being over-
heated. Thatis, as the clutch temperature Tmpcincreas-
es, the startup engine torque Tes is restrained from in-
creasing, and consequently, the engine rotation speed
Ne is restrained from increasing. As a consequence, the
clutch difference rotation speed Ac is restrained from in-
creasing, and the overheating of the clutch 3 is prevented
from occurring.

[0098] In addition, because the engine 2 is controlled
to achieve the startup engine torque Tes calculated on
the basis of the clutch torque Tc, the engine rotation
speed Ne is prevented from decreasing. Thatis, in a case
where the driver reduces an operation amount of the
clutch pedal 53 and thus the clutch torque Tc increases,
the startup engine torque Tes increases in association
with the increase of the clutch torque Tc. Consequently,
the engine rotation speed Ne is prevented from decreas-
ing and the drive device 1 for the vehicle which includes
an excellent drivability can be provided.

[0099] On the other hand, in a case where the driver
increases the operation amount of the clutch pedal 53
and thus the clutch torque Tc decreases, the startup en-
gine torque Tes decreases in association with the de-
crease of the clutch torque Tc. Consequently, the engine
rotation speed Ne is prevented from increasing unnec-
essarily, and occurrence of noises is prevented and/or
unnecessary fuel consumption is prevented.

[0100] Inaddition, at S17-2 of Fig. 5, the control portion
10 (the upper limit calculation portion) calculates the up-
per limit value NI of the startup engine rotation speed.
The upper limit value NI of the startup engine rotation
speed decreases more as the clutch temperature Tmpc
becomes higher. Then, at S17-3 and S17-5, the control
portion 10 (the first calculation portion) calculates the
startup engine torque Tes on the basis of the clutch
torque Tc, and the difference rotation speed between the
engine rotation speed Ne and the upper limit value NI of
the startup engine rotation speed. Because the upper
limit value NI of the startup engine rotation speed, which
decreases more as the clutch temperature Tmpc be-
comes higher, is calculated as described above, the star-
tup engine torque Tes is restrained fromincreasing. Con-
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sequently, in a case where the clutch temperature Tmpc
is high, the clutch 3 is prevented from further being over-
heated, and deterioration and/or ablation of the clutch 3
(deterioration and/or ablation of the friction material 32a,
in particular) is prevented.

[0101] Inaddition, at S17-3 of Fig. 5, the control portion
10 sets the engine rotation speed reduction torque Ten
as 0 in a case where the current engine rotation speed
Ne is lower than the upper limit value NI of the startup
engine rotation speed. Accordingly, the excessive de-
crease in the engine rotation speed Ne can be prevented
and it can be avoided that the driver has a sense of dis-
comfort, and also engine stall can be prevented.

[0102] In addition, in a case where the engine rotation
speed Ne is equal to or more than the upper limit value
NI (a predetermined rotation speed) of the startup engine
rotation speed (determined as YES at S16 of Fig. 4), the
control portion 10 (an engine control portion) controls at
S17 the engine 2 so that the startup engine torque Tes
is achieved. Accordingly, in a case where the rotation
speed of the engine 2 is lower than the upper limit value
NI of the startup engine rotation speed which does not
cause the overheating of the clutch 3, the normal engine
control is executed, and thus the engine control in ac-
cordance with the operation of the accelerator by the driv-
er is executed. As a result, the driver does not feel the
sense of discomfort because the engine torque Te does
not deviate from an intention of the driver.

[0103] In addition, at "Maintaining torque calculation
process" of Fig. 7, the control portion 10 (the third calcu-
lation portion) calculates the maintaining torque Tk on
the basis of, for example, the load acting on the engine
2. Then, at S17-5 of Fig. 5, the control portion 10 (the
first calculation portion) calculates the startup engine
torque Tes while adding the maintaining torque Tk. Ac-
cordingly, for example, in a case where the auxiliary ma-
chine driven by the engine 2 stops and thus the load of
the engine 2 decreases, the startup engine torque Tes
including the decrease of the load is calculated. Conse-
quently, the engine rotation speed Ne can be prevented
from increasing in association with the decrease of the
load of the engine 2. On the other hand, for example, in
a case where the auxiliary machine is actuated by the
engine 2 and thus the load of the engine 2 increases, the
startup engine torque Tes including the increase of the
load is calculated. Consequently, the engine rotation
speed Ne can be prevented from decreasing in associ-
ation with the increase of the load of the engine 2.
[0104] In addition, the control portion 10 (the engine
control portion) controls the engine 2 so that the engine
torque Te becomes the required engine torque Ter in a
case where the required engine torque Ter is equal to or
less than the startup engine torque Tes (determined as
NO at S17-6 of Fig. 5). Accordingly, the engine 2 is con-
trolled to achieve the required engine torque Ter that re-
flects the intension of the driver in a case where the re-
quired engine torque Ter is equal to or less than the star-
tup engine torque Tes. Consequently, the engine torque
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Te does not deviate from the intention of the driver, and
thus the excessive increase in the engine rotation speed
Ne can be prevented while the feeling of discomfort of
the driver is reduced.

[0105] In addition, the clutch stroke CI, which is the
operation amount of the clutch pedal 53 and is detected
by the clutch sensor 54 (a first obtaining portion), is de-
tected. Then, the control portion 10 obtains the clutch
torque Tc on the basis of the clutch stroke ClI by referring
to "Clutch torque mapping data" shown in Fig. 2. Accord-
ingly, the clutch torque Tc can be obtained reliably by
means of simple configuration and/or method.

[0106] The control portion 10 executes "Normal con-
trol" at S18 in a case where the current vehicle speed V
detected at a vehicle speed detection portion is equal to
or more than the specified speed that is predetermined
(determined as NO at S13 of Fig. 4). Accordingly, the
execution of "Torque down control"is prevented in a case
where the driver performs the clutch operation after the
startup when the vehicle speed V is higher than a spec-
ified vehicle speed. As a consequence, it is prevented
that the driver feels the sense of discomfort.

[0107] In addition, the control portion 10 controls the
engine 2 so that the startup engine torque Tesis achieved
only in a case where the brake pedal 56 (the braking
force operation member) is not being operated (deter-
mined as YES at S11 of Fig. 4). Accordingly, the engine
2 is not controlled in such a manner that the startup en-
gine torque Tes calculated on the basis of the clutch
torque Tc is achieved in a case where the brake pedal
56 is being operated. Consequently, the vehicle 100 can
be decelerated and/or stopped safely.

[0108] (Second embodiment) A second embodiment
will be described hereunder regarding aspects that are
different from the above-described embodiment. In the
second embodiment, at S17-3 of Fig. 5, the control por-
tion 10 calculates the engine rotation speed reduction
torque Ten in the following method instead of using "En-
gine rotation speed reduction torque calculation data".
[0109] First, the control portion 10 calculates an engine
rotation speed change we which is time change of the
engine rotation speed Ne. Specifically, time Tn which is
needed to reduce the engine rotation speed from the cur-
rent engine rotation speed Ne down to the upper limit
value Nl ofthe startup engine rotation speedis calculated.
The time Tn is calculated on the basis of the engine fric-
tion torque Tef.

[0110] Next, the control portion 10 calculates the en-
gine rotation speed change we by dividing the value,
which is obtained by subtracting the current engine rota-
tion speed Ne from the upper limit value NI of the startup
engine rotation speed, by the time Tn described above.
[0111] Next, the control portion 10 calculates the en-
gine rotation speed reduction torque Ten on the basis of
the following formula (10).
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Ten=1Ie x we ... (10)

Ten ...Engine rotation speed reduction torque Ten
le...Engine inertia
we...Engine rotation speed change

[0112] An engine inertia le is a moment of inertia of
rotational members of the engine 2. The rotational mem-
bers of the engine 2 include the crankshaft, a connecting
rod, the piston, the drive shaft 21, the flywheel 31, the
clutch cover 33, the pressure plate 35 and the diaphragm
spring 34. The engine inertia le is set in advance.
[0113] (Other embodiment) An embodiment that is dif-
ferent from the aforementioned embodiments will be de-
scribed hereunder. In the aforementioned embodiments,
"Torque down control" is executed in a case where the
engine rotation speed Ne is equal to or more than the
upper limit value NI of the startup engine rotation speed
(determined as YES at S16 of Fig. 4). However, an em-
bodiment is applicable in which "Torque down control" is
executed in a case where the engine rotation speed Ne
is equal to or more than a rotation speed which is lower
than the upper limit value NI of the startup engine rotation
speed by a predetermined rotation speed, in a case
where the engine rotation speed Ne is equal to or more
than a rotation speed which is higher than the upper limit
value NI of the startup engine rotation speed by a prede-
termined rotation speed, or in a case where the engine
rotation speed Ne is equal to or more than a specified
rotation speed (for example, 1500 r.p.m.).

[0114] In the aforementioned embodiments, an oper-
ation force of the clutch pedal 53 is transmitted to the
release bearing 37 via the master cylinder 55, the fluid
pressure pipe 58 and the slave cylinder 38. However, an
embodiment is applicable in which the operation force of
the clutch pedal 53 is transmitted to the release bearing
37 via a mechanical component including a wire, a rod
and a gear, for example.

[0115] In the aforementioned embodiments, the con-
trol portion 10 calculates the clutch torque Tc on the basis
of the clutch stroke Cl detected by the clutch sensor 54,
while the control portion 10 referring to "Clutch torque
mapping data" that is shown in Fig. 2 and represents the
relationship between the clutch stroke Cl and the clutch
torque Tc. However, an embodiment is applicable in
which the clutch torque Tc is estimated and the required
engine torque Teris estimated, on the basis of an amount
of change of the clutch stroke Cl per a period of time, as
indicated in JP2008-157184A.

[0116] Inthe aforementioned embodiments, the clutch
torque Tcis calculated on the basis of the detection signal
of the clutch sensor 54. However, the clutch torque Tc
may be calculated from information including the engine
inertia le, the engine friction torque Tef, the rotation speed
of the input shaft 41 at a start of the engagement, the
current rotation speed of the input shaft 41 and a time
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elapsed from the start of the engagement, for example.
[0117] Inthe aforementioned embodiments, the clutch
sensor 54 detects the stroke amount of the master cyl-
inder 55. However, the clutch sensor 54 may be any of
sensors which detect the operation amount of the clutch
pedal 53, master pressure of the master cylinder 55,
stroke and/or fluid pressure of the slave cylinder 38,
and/or a stroke amount of the release bearing 37.
[0118] In the aforementioned embodiments, the con-
trol portion 10 calculates the vehicle speed V on the basis
of the output shaft rotation speed No detected by the
output shaft rotation speed sensor 46. However, an em-
bodiment is applicable in which the control portion 10
calculates the vehicle speed V on the basis of a wheel
rotation speed detected by a wheel speed sensor detect-
ing a rotation speed of the wheel, and/or on the basis of
other sensor which detects a rotation speed of a shaft
rotating in association with the wheel.

[0119] In the aforementioned embodiments, the oil
temperature of the oil lubricating the engine 2 is detected
by the oil temperature sensor 25. However, an embodi-
ment is applicable in which the oil temperature of the oil
is estimated on the basis of a detection signal from a
water temperature sensor detecting a water temperature
of coolant water circulating inside the engine 2.

[0120] Inthe aforementioned embodiments, the clutch
operation member transmitting the operating force of the
driver to the clutch 3 is the clutch pedal 53. However, the
clutch operation member is not limited to the clutch pedal
53 and may be a clutch lever, for example. Similarly, in-
stead of the accelerator pedal 51 adjusting the acceler-
ator stroke Ac, for example, an accelerator grip adjusting
the accelerator stroke Ac is applicable. Further, in a case
where the drive device for the vehicle of the present em-
bodiment is applied to an autobicycle and/or other vehi-
cle, the technical ideas of the present invention are ap-
plicable thereto.

[0121] Inthe aforementioned embodiments, the single
control portion 10 controls the engine 2 and executes
"Clutch/engine cooperative control" shown in Fig. 4.
However, an embodiment is applicable in which the en-
gine control portion controls the engine 2, and the control
portion 10 which is connected to the engine control por-
tion via a communication unit including, for example,
CAN (Controller Area NIwork), executes "Clutch/engine
cooperative control".

[0122] In the aforementioned embodiments, the con-
trol portion 10 estimates the temperature of the clutch 3
(the temperature of the friction material 32a) on the basis
of the clutch torque Tc, the vehicle speed V, the oil tem-
perature t, the engine rotation speed Ne and the input
shaft rotation speed Ni. However, an embodiment is ap-
plicable in which a temperature detection sensor includ-
ing, for example, a radiation thermometer detecting the
temperature of the friction material 32a, is provided at a
position adjacent to the friction material 32a to obtain the
clutch temperature Tmpc.

[0123] The "at the startup of the vehicle 100" includes
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circumstances in which the driver performs an operation
of appropriately sliding the clutch by using the half-en-
gaged clutch, for example, in a traffic congestion or when
parking the vehicle in a garage.

EXPLANATION OF REFERENCE NUMERALS
[0124]

1...drive device for a vehicle, 2... engine, 3...clutch,
10... control portion (second obtaining portion, en-
gine control portion, first calculation portion, second
calculation portion, third calculation portion, upper
limit calculation portion, load obtaining portion),
19...brake device (braking force generating portion),
21...drive shaft, 25...oil temperature sensor (load ob-
taining portion), 41...input shaft, 46...output shaft ro-
tation speed sensor (vehicle speed detection por-
tion), 51...accelerator pedal (engine operation mem-
ber), 52... acceleration sensor, 53...clutch pedal
(clutch operation member), 54...clutch sensor (first
obtaining portion), 56...brake pedal (braking force
operation member), 100...vehicle

t...oil temperature

V...vehicle speed

Nl...upper limit value of a startup engine rotation
speed

Ac...clutch difference rotation speed

Te...engine torque

Ter...required engine torque

Tes...startup engine torque (at torque down control)
Tc...clutch torque

Ten...engine rotation speed reduction torque
Tk...maintaining torque

Tef...engine friction torque

Ta... auxiliary machine torque

Ta...adjustment torque

Claims
1. A drive device for a vehicle comprising:

a clutch provided between a drive shaft of an
engine and an input shaft of a manual transmis-
sion and making a clutch torque between the
drive shaft and the input shaft variable by an
operation of a clutch operation member;

a first obtaining portion obtaining the clutch
torque generated by the clutch;

a second obtaining portion obtaining a temper-
ature of the clutch;

a first calculation portion calculating a startup
engine torque on the basis of the clutch torque
obtained by the first obtaining portion and the
temperature of the clutch obtained by the sec-
ond obtaining portion; and

an engine control portion controlling the engine
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at startup so that the startup engine torque cal-
culated by the first calculation portion is
achieved.

2. The drive device for the vehicle according to claim

1, comprising:

an upper limit calculation portion calculating an
upper limit value of a startup engine rotation
speed, wherein

the upper limit value is set in such a manner that
the upper limit value decreases as the clutch
temperature becomes higher, and

the first calculation portion calculates the startup
engine torque on the basis of the clutch torque
obtained by the first obtaining portion and a dif-
ference between a rotation speed of the engine
and the upper limit value of the startup engine
rotation speed.

The drive device for the vehicle according to either
claim 1 or 2, wherein, in a case where the rotation
speed of the engine is equal to or more than a pre-
determined value, the engine control portion controls
the engine so that the startup engine torque is
achieved.

The drive device for the vehicle according to any one
of claims 1 to 3, comprising:

a second calculation portion calculating a re-
quired engine torque on the basis of an opera-
tion amount of an engine operation member op-
erating engine torque outputted by the engine
in such a manner that the engine torque is var-
iable, wherein

in a case where the required engine torque cal-
culated by the second calculation portion is
equal to or less than the startup engine torque,
the engine control portion controls the engine
so that the required engine torque is achieved.

5. Thedrive device for the vehicle according to any one

of claims 1 to 4, comprising:

a third calculation portion calculating a maintain-
ing torque corresponding to torque needed to
maintain the rotation speed of the engine, the
third calculation portion calculating the maintain-
ing torque on the basis of a load acting on the
engine, wherein

the first calculation portion calculates the startup
engine torque while adding the maintaining
torque calculated by the third calculation portion.

6. Thedrive device for the vehicle according to any one

of claims 1 to 5, wherein the first obtaining portion
detects an operation amount of the clutch operation
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member.

The drive device for the vehicle according to any one
of claims 1 to 6, wherein the engine control portion
controls the engine so that the startup engine torque
is achieved only in a case where a current vehicle
speed is smaller than a predetermined speed.

The drive device for the vehicle according to any one
of claims 1 to 7, wherein the engine control portion
controls the engine so that the startup engine torque
is achieved only in a case where a braking force op-
eration member is not being operated, the braking
force operation member is for operating a braking
force of a braking force generating portion in such a
manner that the braking force is variable, the braking
force generating portion generates the braking force.
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FI1G.2

Clutch torque Tc
(Nm)

0 Clutch stroke CI (mm)
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FIG.3
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FIG.4

( Clutch/engine cooperative control )
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FIG.5

( Torque down control )
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FI1G.7

( Maintaining torque calculation process )
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