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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a control apparatus for
a vehicle including a continuously variable transmission
mechanism and a transmission mechanism provided in
parallel with each other between a driving force source
and a drive wheel.

2. Description of Related Art

[0002] There is well known a vehicle including a con-
tinuously variable transmission mechanism and a trans-
mission mechanism provided in parallel with each other
between an input rotating member and an output rotating
member. The transmission mechanism has one or a plu-
rality of gear stages. The power of a driving force source
is transmitted to the input rotating member. The output
rotating member outputs the power to a drive wheel. This
is, for example, a vehicle described in Japanese Patent
Application Publication No. 63-28740 (JP 63-28740 A)
or in JP 2010-138961 A, disclosing all the features of the
preamble of claims 1 and 7. JP 63-28740 A describes a
vehicle including a continuously variable transmission
path and a direct drive path provided in parallel with each
other between an input rotating member and an output
rotating member. A continuously variable transmission
is interposed in the continuously variable transmission
path. The direct drive path has a fixed speed ratio close
to the highest speed ratio in the continuously variable
transmission path. The vehicle accelerates from the start
of the vehicle by using the continuously variable trans-
mission path. When the speed ratio in the continuously
variable transmission path reaches the speed ratio in the
direct drive path, the vehicle changes the transmission
path to the direct drive path and continues traveling. In
addition, JP 63-28740 A describes that, while the vehicle
is traveling by using the direct drive path, a loss torque
in the idling continuously variable transmission is re-
duced by controlling the speed ratio of the continuously
variable transmission, which continues idling in a no-load
state, to a low vehicle speed-side optimal speed ratio
with respect to the highest speed ratio. The low vehicle
speed-side optimal speed ratio is, for example, an inter-
mediate speed ratio that is the speed ratio "1 ".

SUMMARY OF THE INVENTION

[0003] Incidentally, if the total loss torque of the idling
continuously variable transmission mechanism is the
sum of a friction loss of the continuously variable trans-
mission mechanism and an inertial loss of the continu-
ously variable transmission mechanism, the total loss
torque may not be reduced even when the idling contin-
uously variable transmission mechanism is controlled at

the above-described intermediate speed ratio. Specifi-
cally, the friction loss generally becomes minimum at the
intermediate speed ratio, and monotonously increases
as the speed ratio gets close to the highest speed ratio
or the lowest speed ratio. On the other hand, generally,
the angular acceleration of an output-side rotating mem-
ber (for example, a secondary pulley) of the continuously
variable transmission mechanism is changed in accord-
ance with the speed ratio with respect to the angular ac-
celeration of an input-side rotating member (for example,
a primary pulley) of the continuously variable transmis-
sion mechanism, and the angular acceleration of the out-
put-side rotating member is increased as the speed ratio
gets close to the highest speed ratio. Therefore, the in-
ertial loss of the secondary pulley increases as the speed
ratio gets close to the highest speed ratio, and monoto-
nously decreases as the speed ratio gets close to the
lowest speed ratio. For this reason, as described in JP
63-28740 A, in the transmission in which a change be-
tween the continuously variable transmission mecha-
nism and the transmission mechanism is carried out at
the highest speed ratio side of the continuously variable
transmission mechanism, the total loss torque is reduced
when the speed ratio of the idling continuously variable
transmission mechanism is set to the intermediate speed
ratio side as compared to when the speed ratio is set to
the highest speed ratio side at which the change is carried
out. However, in the transmission in which a change be-
tween the continuously variable transmission mecha-
nism and the transmission mechanism is carried out at
the lowest speed ratio side of the continuously variable
transmission mechanism, when the speed ratio of the
idling continuously variable transmission mechanism is
changed from the lowest speed ratio side, at which the
change is carried out, to the intermediate speed ratio
side, the friction loss decreases, while, on the other hand,
the inertial loss increases. Therefore, the total loss torque
is not always reduced by changing the speed ratio to the
intermediate speed ratio side depending on, for example,
the magnitude of the inertial loss that changes with the
angular acceleration of the primary pulley. Thus, when a
reduction in the total loss torque of the continuously var-
iable transmission mechanism is considered, there is still
room for improvement in what speed ratio the idling con-
tinuously variable transmission mechanism is controlled
at. The above-described inconvenience is not publicly
known.
[0004] The invention provides a control apparatus that
is able to appropriately reduce a loss of an idling contin-
uously variable transmission mechanism in a vehicle in-
cluding the continuously variable transmission mecha-
nism and a transmission mechanism provided in parallel
with each other between an input rotating member and
an output rotating member.
[0005] A first aspect of the invention provides a control
apparatus for a vehicle. The vehicle includes a continu-
ously variable transmission mechanism, a transmission
mechanism, and a clutch mechanism. The transmission
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mechanism has at least one gear stage. The continuous-
ly variable transmission mechanism and the transmis-
sion mechanism are provided in parallel with each other
between an input rotating member and an output rotating
member. Power of a driving force source is transmitted
to the input rotating member. The output rotating member
is configured to output the power to a drive wheel. The
clutch mechanism is configured to selectively change a
power transmission path between a first power transmis-
sion path and a second power transmission path. The
power transmission path is configured to transmit the
power of the driving force source to the drive wheel. The
first power transmission path is a path in which the con-
tinuously variable transmission mechanism is inter-
posed. The second power transmission path is a path in
which the transmission mechanism is interposed. The
control apparatus includes an electronic control unit. The
electronic control unit is configured to, when the power
is transmitted to the drive wheel through the second pow-
er transmission path, control the continuously variable
transmission mechanism such that a speed ratio when
an angular acceleration of the input rotating member is
small is higher than the speed ratio when the angular
acceleration of the input rotating member is large.
[0006] With this configuration, when the power trans-
mission path is the second power transmission path, it
is possible to control the speed ratio of the continuously
variable transmission mechanism to the speed ratio that
reflects the inertial loss of the continuously variable trans-
mission mechanism. The inertial loss changes with the
angular acceleration of the input rotating member. Thus,
in the vehicle including the continuously variable trans-
mission mechanism and the transmission mechanism
provided in parallel with each other between the input
rotating member and the output rotating member, it is
possible to appropriately reduce the loss of the idling con-
tinuously variable transmission mechanism.
[0007] In the first aspect, the electronic control unit may
be configured to i) calculate an estimated value of a fric-
tion loss of the continuously variable transmission mech-
anism, ii) calculate an estimated value of an inertial loss
of the continuously variable transmission mechanism, iii)
calculate a target speed ratio of the continuously variable
transmission mechanism based on the estimated value
of the friction loss and the estimated value of the inertial
loss, and iv) when the power is transmitted to the drive
wheel through the second power transmission path, con-
trol the continuously variable transmission mechanism
at the target speed ratio. With this configuration, when
the power transmission path is the second power trans-
mission path, it is possible to control the speed ratio of
the continuously variable transmission mechanism to the
target speed ratio that reflects the friction loss of the con-
tinuously variable transmission mechanism and the in-
ertial loss of the continuously variable transmission
mechanism.
[0008] In the first aspect, the target speed ratio may
be a speed ratio of the continuously variable transmission

mechanism for minimizing a sum of the estimated value
of the friction loss and the estimated value of the inertial
loss. With this configuration, when the power transmis-
sion path is the second power transmission path, the sum
of the friction loss of the idling continuously variable trans-
mission mechanism and the inertial loss of the idling con-
tinuously variable transmission mechanism is reduced
as much as possible. Therefore, fuel economy is im-
proved.
[0009] In the first aspect, the electronic control unit may
be configured to, when the power is transmitted to the
drive wheel through the second power transmission path,
control the continuously variable transmission mecha-
nism at the target speed ratio until the electronic control
unit determines to change the power transmission path
to the first power transmission path. With this configura-
tion, when it is determined to change the power trans-
mission path to the first power transmission path, it is
possible to prohibit control of the continuously variable
transmission mechanism at the target speed ratio, and
control the continuously variable transmission mecha-
nism at the speed ratio as in the case where the power
transmission path is the first power transmission path in
preparation for a change of the power transmission path
to the first power transmission path. Thus, it is possible
to give a higher priority to drivability, such as suppression
of a change shock, than to fuel economy.
[0010] In the first aspect, the electronic control unit may
be configured to i) calculate an estimated value of a de-
vice loss of a thrust supply device configured to supply
thrust to a rotating member of the continuously variable
transmission mechanism, and ii) calculate a target speed
ratio of the continuously variable transmission mecha-
nism based on the estimated value of the friction loss,
the estimated value of the inertial loss and the estimated
value of the device loss. With this configuration, when
the power transmission path is the second power trans-
mission path, it is possible to control the speed ratio of
the continuously variable transmission mechanism to the
target speed ratio that reflects the friction loss of the con-
tinuously variable transmission mechanism, the inertial
loss of the continuously variable transmission mecha-
nism and the device loss of the thrust supply device.
Thus, it is possible to further appropriately reduce the
loss of the idling continuously variable transmission
mechanism.
[0011] In the first aspect, the electronic control unit may
be configured to i) calculate a target speed ratio of the
continuously variable transmission mechanism based on
the angular acceleration of the input rotating member by
using a predetermined correlation between (a) the angu-
lar acceleration of the input rotating member and (b) a
speed ratio of the continuously variable transmission
mechanism for minimizing a sum of a friction loss of the
continuously variable transmission mechanism and an
inertial loss of the continuously variable transmission
mechanism, the predetermined correlation being deter-
mined such that a speed ratio when the angular accel-
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eration of the input rotating member is small is higher
than the speed ratio when the angular acceleration of the
input rotating member is large, and ii) when the power is
transmitted to the drive wheel thorough the second power
transmission path, control the continuously variable
transmission mechanism at the target speed ratio. With
this configuration, when the power transmission path is
the second power transmission path, the speed ratio of
the idling continuously variable transmission mechanism
is controlled to the target speed ratio at which the sum
of the friction loss of the continuously variable transmis-
sion mechanism and the inertial loss of the continuously
variable transmission mechanism is reduced as much as
possible. Thus, fuel economy is improved.
[0012] A second aspect of the invention provides a
control apparatus for a vehicle. The vehicle includes a
continuously variable transmission mechanism, a trans-
mission mechanism, and a clutch mechanism. The trans-
mission mechanism has at least one gear stage. The
continuously variable transmission mechanism and the
transmission mechanism are provided in parallel with
each other between an input rotating member and an
output rotating member. Power of a driving force source
is transmitted to the input rotating member. The output
rotating member is configured to output the power to a
drive wheel. The clutch mechanism is configured to se-
lectively change a power transmission path between a
first power transmission path and a second power trans-
mission path. The power transmission path is configured
to transmit the power of the driving force source to the
drive wheel. The first power transmission path is a path
in which the continuously variable transmission mecha-
nism is interposed. The second power transmission path
is a path in which the transmission mechanism is inter-
posed. The control apparatus includes an electronic con-
trol unit. The electronic control unit is configured to i) cal-
culate an estimated value of a friction loss of the contin-
uously variable transmission mechanism, ii) calculate an
estimated value of an inertial loss of the continuously
variable transmission mechanism, iii) calculate a target
speed ratio of the continuously variable transmission
mechanism based on the estimated value of the friction
loss and the estimated value of the inertial loss, and iv)
when the power is transmitted to the drive wheel through
the second power transmission path, control the contin-
uously variable transmission mechanism at the target
speed ratio.
[0013] With this configuration, when the power trans-
mission path is the second power transmission path, it
is possible to control the speed ratio of the continuously
variable transmission mechanism to the target speed ra-
tio that reflects the friction loss of the continuously vari-
able transmission mechanism and the inertial loss of the
continuously variable transmission mechanism. Thus, in
the vehicle including the continuously variable transmis-
sion mechanism and the transmission mechanism pro-
vided in parallel with each other between the input rotat-
ing member and the output rotating member, it is possible

to appropriately reduce the loss of the idling continuously
variable transmission mechanism.
[0014] In the second aspect, the target speed ratio may
be a speed ratio of the continuously variable transmission
mechanism for minimizing a sum of the estimated value
of the friction loss and the estimated value of the inertial
loss. With this configuration, when the power transmis-
sion path is the second power transmission path, the sum
of the friction loss of the idling continuously variable trans-
mission mechanism and the inertial loss of the idling con-
tinuously variable transmission mechanism is reduced
as much as possible. Therefore, fuel economy is im-
proved.
[0015] In the second aspect, the electronic control unit
may be configured to, when the power is transmitted to
the drive wheel through the second power transmission
path, control the continuously variable transmission
mechanism at the target speed ratio until the electronic
control unit determines to change the power transmission
path to the first power transmission path. With this con-
figuration, when it is determined to change the power
transmission path to the first power transmission path, it
is possible to prohibit control of the continuously variable
transmission mechanism at the target speed ratio, and
control the continuously variable transmission mecha-
nism at the speed ratio as in the case where the power
transmission path is the first power transmission path in
preparation for a change of the power transmission path
to the first power transmission path. Thus, it is possible
to give a higher priority to drivability, such as suppression
of a change shock, than to fuel economy.
[0016] In the second aspect, the electronic control unit
may be configured to i) calculate an estimated value of
a device loss of a thrust supply device configured to sup-
ply thrust to a rotating member of the continuously vari-
able transmission mechanism, and ii) calculate a target
speed ratio of the continuously variable transmission
mechanism based on the estimated value of the friction
loss, the estimated value of the inertial loss and the es-
timated value of the device loss. With this configuration,
when the power transmission path is the second power
transmission path, it is possible to control the speed ratio
of the continuously variable transmission mechanism to
the target speed ratio that reflects the friction loss of the
continuously variable transmission mechanism, the iner-
tial loss of the continuously variable transmission mech-
anism and the device loss of the thrust supply device.
Thus, it is possible to further appropriately reduce the
loss of the idling continuously variable transmission
mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

5 6 



EP 3 134 663 B1

5

5

10

15

20

25

30

35

40

45

50

55

FIG. 1 is a view that illustrates the schematic config-
uration of a vehicle to which the invention is applied;
FIG. 2 is a view for illustrating changes in driving
pattern of a power transmission system;
FIG. 3 is a view that illustrates a relevant portion of
control functions and control system for various con-
trols in the vehicle;
FIG. 4 is a graph that shows the correlation between
an input shaft angular acceleration and a total loss
torque of a continuously variable transmission with
a speed ratio as a parameter;
FIG. 5 is a graph that shows the correlation between
an input shaft angular acceleration and a speed ratio
that minimizes a total loss;
FIG. 6 is a flowchart that illustrates a relevant portion
of control operations of an electronic control unit, that
is, control operations for appropriately reducing a
loss of the idling continuously variable transmission;
and
FIG. 7 is a time chart in the case where the control
operations shown in the flowchart of FIG. 6 are ex-
ecuted.

DETAILED DESCRIPTION OF EMBODIMENTS

[0018] Hereinafter, an embodiment of the invention will
be described in detail with reference to the accompanying
drawings.
[0019] FIG. 1 is a view that illustrates the schematic
configuration of a vehicle 10 to which the invention is
applied. As shown in FIG. 1, the vehicle 10 includes an
engine 12, drive wheels 14 and a power transmission
system 16. The engine 12 functions as a driving force
source for propelling the vehicle 10. The power transmis-
sion system 16 is provided between the engine 12 and
the drive wheels 14. The power transmission system 16
includes a known torque converter 20, an input shaft 22,
a known belt-type continuously variable transmission 24
(hereinafter, referred to as continuously variable trans-
mission 24), a forward/reverse switching device 26, a
gear mechanism 28, an output shaft 30, a counter shaft
32, a reduction gear unit 34, a differential gear 38, a pair
of axles 40, and the like. The torque converter 20 serves
as a fluid transmission device coupled to the engine 12
in a housing 18 that serves as a non-rotating member.
The input shaft 22 is coupled to the torque converter 20.
The continuously variable transmission 24 is coupled to
the input shaft 22. The continuously variable transmis-
sion 24 serves as a continuously variable transmission
mechanism. The forward/reverse switching device 26 is
also coupled to the input shaft 22. The gear mechanism
28 is coupled to the input shaft 22 via the forward/reverse
switching device 26. The gear mechanism 28 is provided
in parallel with the continuously variable transmission 24.
The gear mechanism 28 serves as a transmission mech-
anism. The output shaft 30 is an output rotating member
common to the continuously variable transmission 24
and the gear mechanism 28. The reduction gear unit 34

is formed of a pair of gears that are respectively provided
on the output shaft 30 and the counter shaft 32 so as to
be relatively non-rotatable and that are in mesh with each
other. The differential gear 38 is coupled to a gear 36.
The gear 36 is provided on the counter shaft 32 so as to
be relatively non-rotatable. The pair of axles 40 are cou-
pled to the differential gear 38. In the thus configured
power transmission system 16, the power of the engine
12 (when not specifically distinguished from one another,
power is synonymous with torque and force) is transmit-
ted to the pair of drive wheels 14 sequentially via the
torque converter 20, the continuously variable transmis-
sion 24 (or the forward/reverse switching device 26 and
the gear mechanism 28), the reduction gear unit 34, the
differential gear 38, the axles 40, and the like.
[0020] In this way, the power transmission system 16
includes the continuously variable transmission 24 and
the gear mechanism 28 provided in parallel with each
other between the engine 12 (which synonymous with
the input shaft 22 that is an input rotating member to
which the power of the engine 12 is transmitted) and the
drive wheels 14 (which is synonymous with the output
shaft 30 that is an output rotating member that outputs
the power of the engine 12 to the drive wheels 14). Thus,
the power transmission system 16 includes a first power
transmission path and a second power transmission
path. The first power transmission path transmits the
power of the engine 12 from the input shaft 22 to the drive
wheels 14 side (that is, the output shaft 30) via the con-
tinuously variable transmission 24. The second power
transmission path transmits the power of the engine 12
from the input shaft 22 to the drive wheels 14 side (that
is, the output shaft 30) via the gear mechanism 28. The
power transmission system 16 is configured to change
the power transmission path between the first power
transmission path and the second power transmission
path on the basis of a traveling state of the vehicle 10.
Therefore, the power transmission system 16 includes a
CVT drive clutch C2, a forward clutch C1 and a reverse
brake B1 as clutch mechanisms that selectively change
the power transmission path, which transmits the power
of the engine 12 to the drive wheels 14 side, between
the first power transmission path and the second power
transmission path. The CVT drive clutch C2 serves as a
first clutch mechanism that connects or interrupts trans-
mission of power in the first power transmission path.
The forward clutch C1 and the reverse brake B1 serve
as a second clutch mechanism that connects or interrupts
transmission of power in the second power transmission
path. The CVT drive clutch C2, the forward clutch C1 and
the reverse brake B1 correspond to a separating device.
Each of the CVT drive clutch C2, the forward clutch C1
and the reverse brake B1 is a known hydraulic friction
engagement device (friction clutch) that is frictionally en-
gaged by a hydraulic actuator. Each of the forward clutch
C1 and the reverse brake B1 is one of elements that
constitute the forward/reverse switching device 26 as will
be described later.
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[0021] The torque converter 20 is provided around the
input shaft 22 coaxially with the input shaft 22. The torque
converter 20 includes a pump impeller 20p and a turbine
runner 20t. The pump impeller 20p is coupled to the en-
gine 12. The turbine runner 20t is coupled to the input
shaft 22. A mechanical oil pump 41 is coupled to the
pump impeller 20p. The oil pump 41 generates hydraulic
pressure by being rotationally driven by the engine 12.
The hydraulic pressure is used to control a shift of the
continuously variable transmission 24, generate a belt
clamping force in the continuously variable transmission
24, change the operation of each of the clutch mecha-
nisms, or supply lubricating oil to portions of the power
transmission path of the power transmission system 16.
[0022] The forward/reverse switching device 26 is pro-
vided around the input shaft 22 coaxially with the input
shaft 22. The forward/reverse switching device 26 is
mainly formed of a double-pinion-type planetary gear
train 26p, the forward clutch C1 and the reverse brake
B1. A sun gear 26s of the planetary gear train 26p is
integrally coupled to the input shaft 22. A ring gear 26r
of the planetary gear train 26p is selectively coupled to
the housing 18 via the reverse brake B1. A carrier 26c
of the planetary gear train 26p is coupled to a small-di-
ameter gear 42. The small-diameter gear 42 is provided
around the input shaft 22 coaxially with the input shaft
22 so as to be relatively rotatable. The carrier 26c and
the sun gear 26s are selectively coupled to each other
via the forward clutch C1. In the thus configured for-
ward/reverse switching device 26, when the forward
clutch C1 is engaged and the reverse brake B1 is re-
leased, the planetary gear train 26p is integrally rotated,
the small-diameter gear 42 is rotated at the same rotation
speed as the input shaft 22, and a forward power trans-
mission path is established (achieved) in the second
power transmission path. When the reverse brake B1 is
engaged and the forward clutch C1 is released, the small-
diameter gear 42 is rotated in a direction opposite to the
rotation direction of the input shaft 22, and a reverse pow-
er transmission path is established in the second power
transmission path. When both the forward clutch C1 and
the reverse brake B1 are released, the second power
transmission path is set to a neutral state in which trans-
mission of power is interrupted (power transmission in-
terrupted state).
[0023] The gear mechanism 28 includes the small-di-
ameter gear 42 and a large-diameter gear 46. The large-
diameter gear 46 is provided on a gear mechanism coun-
ter shaft 44 so as to be relatively non-rotatable. The large-
diameter gear 46 is in mesh with the small-diameter gear
42. Thus, the gear mechanism 28 is a transmission mech-
anism having one gear stage (speed stage). An idler gear
48 is provided around the gear mechanism counter shaft
44 coaxially with the gear mechanism counter shaft 44
so as to be relatively non-rotatable. The idler gear 48 is
in mesh with an output gear 50 having a larger diameter
than the idler gear 48. The output gear 50 is provided
around the same rotation axis as that of the output shaft

30 so as to be relatively rotatable with respect to the
output shaft 30.
[0024] A dog clutch D1 is further provided around the
output shaft 30 between the output shaft 30 and the out-
put gear 50. The dog clutch D1 selectively connects the
output shaft 30 to the output gear 50 or disconnects the
output shaft 30 from the output gear 50. Thus, the dog
clutch D1 functions as a third clutch mechanism that is
provided in the power transmission system 16 and that
connects or interrupts transmission of power in the sec-
ond power transmission path. Specifically, the dog clutch
D1 includes a first gear 52, a second gear 54 and a hub
sleeve 56. The first gear 52 is provided on the output
shaft 30. The second gear 54 is provided integrally with
the output gear 50. The hub sleeve 56 has internal teeth
that are fittable (engageable, meshable) with these first
gear 52 and second gear 54. In the thus configured dog
clutch Dl, when the hub sleeve 56 is fitted to these first
gear 52 and second gear 54, the output shaft 30 and the
output gear 50 are connected to each other. The dog
clutch D1 includes a known synchromesh mechanism
(not shown) that serves as a synchronization mecha-
nism. The synchromesh mechanism synchronizes rota-
tions at the time of fitting the first gear 52 to the second
gear 54. When one of the forward clutch C1 and the re-
verse brake B1 is engaged and the dog clutch D1 is en-
gaged, the second power transmission path is estab-
lished (connected). In the second power transmission
path, the power of the engine 12 is transmitted from the
input shaft 22 to the output shaft 30 sequentially via the
forward/reverse switching device 26, the gear mecha-
nism 28, the idler gear 48 and the output gear 50.
[0025] The continuously variable transmission 24 is
provided in a power transmission path between the input
shaft 22 and the output shaft 30. The continuously vari-
able transmission 24 includes a primary pulley 58, a sec-
ondary pulley 62 and a transmission belt 64. The primary
pulley 58 is an input-side member provided on the input
shaft 22, and has a variable effective diameter. The sec-
ondary pulley 62 is an output-side member provided on
a rotary shaft 60 coaxial with the output shaft 30, and has
a variable effective diameter. The transmission belt 64
is wound around the pair of variable pulleys 58, 62 so as
to span between the pair of variable pulleys 58, 62. Power
is transmitted via a friction force between the pair of var-
iable pulleys 58, 62 and the transmission belt 64.
[0026] In the primary pulley 58, a primary thrust Win
(= Primary pressure PinxPressure receiving area) in a
primary pulley 58 for changing a V-groove width between
sheaves is controlled by regulating the primary pressure
Pin by using a hydraulic control circuit 96 (see FIG. 3).
The primary pressure Pin is supplied to a primary hy-
draulic cylinder 58c. In the secondary pulley 62, a sec-
ondary thrust Wout (= Secondary pressure
Pout3Pressure receiving area) in the secondary pulley
62 for changing a V-groove width between sheaves is
controlled by regulating a secondary pressure Pout by
using the hydraulic control circuit 96. The secondary
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pressure Pout is supplied to a secondary hydraulic cyl-
inder 62c. When the primary thrust Win and the second-
ary thrust Wout each are controlled, the V-groove width
of each of the pair of variable pulleys 58, 62 is changed
while a slip of the transmission belt 64 is prevented, with
the result that the winding diameter (effective diameter)
of the transmission belt 64 is changed. A hydraulic pres-
sure source that generates a source pressure of each of
the primary pressure Pin and the secondary pressure
Pout that are regulated by the hydraulic control circuit 96
is the oil pump 41. In this way, the oil pump 41 functions
as a thrust source supply device that supplies a source
of each of the primary thrust Win and the secondary thrust
Wout.
[0027] In the continuously variable transmission 24,
when the winding diameter of the transmission belt 64 is
changed, a speed ratio (gear ratio) y (= Input shaft rota-
tion speed Ni/Output shaft rotation speed No) is contin-
uously changed. For example, when the V-groove width
of the primary pulley 58 is reduced, the speed ratio y
decreases (that is, the continuously variable transmis-
sion 24 upshifts). When the V-groove width of the primary
pulley 58 is increased, the speed ratio y increases (that
is, the continuously variable transmission 24 downshifts).
The CVT drive clutch C2 is provided on the drive wheels
14 side with respect to the continuously variable trans-
mission 24 (that is, the CVT drive clutch C2 is provided
between the secondary pulley 62 and the output shaft
30). The CVT drive clutch C2 selectively connects the
secondary pulley 62 (rotary shaft 60) to the output shaft
30 or disconnects the secondary pulley 62 (rotary shaft
60) from the output shaft 30. When the CVT drive clutch
C2 is engaged, the first power transmission path is es-
tablished (connected). In the first power transmission
path, the power of the engine 12 is transmitted from the
input shaft 22 to the output shaft 30 via the continuously
variable transmission 24.
[0028] The operation of the power transmission sys-
tem 16 will be described below. FIG. 2 is a view for illus-
trating changes in driving pattern of the power transmis-
sion system 16 by using an engagement chart of engage-
ment elements for each driving pattern. In FIG. 2, C1
corresponds to the operation state of the forward clutch
C1, C2 corresponds to the operation state of the CVT
drive clutch C2, B1 corresponds to the operation state of
the reverse brake B1, D1 corresponds to the operation
state of the dog clutch Dl, "O" indicates an engaged (con-
nected) state, and "x" indicates a released (disconnect-
ed) state.
[0029] Initially, a gear drive mode (also referred to as
gear transmission mode) that is the driving pattern in
which the power of the engine 12 is transmitted to the
output shaft 30 via the gear mechanism 28 (that is, the
driving pattern in which the power transmission path is
changed to the second power transmission path) will be
described. In this gear drive mode, as shown in FIG. 2,
for example, the forward clutch C1 and the dog clutch
D1 are engaged, while the CVT drive clutch C2 and the

reverse brake B1 are released.
[0030] Specifically, when the forward clutch C1 is en-
gaged, the planetary gear train 26p is integrally rotated
at the same rotation speed as the input shaft 22, so the
mechanically coupled gear mechanism 28, gear mech-
anism counter shaft 44, idler gear 48 and output gear 50
are also rotated. Because the output gear 50 and the first
gear 52 are connected to each other by engagement of
the dog clutch D1, the output shaft 30 provided integrally
with the first gear 52 is rotated. In this way, when the
forward clutch C1 and the dog clutch D1 are engaged,
the power of the engine 12 is transmitted to the output
shaft 30 sequentially via the torque converter 20, the for-
ward/reverse switching device 26, the gear mechanism
28, and the like. In this gear drive mode, for example,
when the reverse brake B1 and the dog clutch D1 are
engaged, and the CVT drive clutch C2 and the forward
clutch C1 are released, reverse traveling is enabled.
[0031] Subsequently, a CVT drive mode (also referred
to as CVT transmission mode) that is the driving pattern
in which the power of the engine 12 is transmitted to the
output shaft 30 via the continuously variable transmission
24 (that is, the driving pattern in which the power trans-
mission path is changed to the first power transmission
path) will be described. In this CVT drive mode, as shown
in the CVT drive mode (high vehicle speed) of FIG. 2, for
example, the CVT drive clutch C2 is engaged, while the
forward clutch C1, the reverse brake B1 and the dog
clutch D1 are released.
[0032] Specifically, when the CVT drive clutch C2 is
engaged, the rotary shaft 60 and the output shaft 30 are
connected to each other, so the secondary pulley 62 and
the output shaft 30 are integrally rotated. In this way,
when the CVT drive clutch C2 is engaged, the power of
the engine 12 is transmitted to the output shaft 30 se-
quentially via the torque converter 20, the continuously
variable transmission 24, and the like. The reason why
the dog clutch D1 is released in the CVT drive mode (high
vehicle speed) is to, for example, eliminate a drag of the
gear mechanism 28, and the like, in the CVT drive mode
and prevent high-speed rotation of the gear mechanism
28, and the like, at a high vehicle speed.
[0033] The gear drive mode is, for example, selected
in a low vehicle speed region including a state during a
stop of the vehicle. A speed ratio γ1 (that is a speed ratio
EL that is established by the gear mechanism 28) in this
second power transmission path is set to a value larger
than (that is a speed ratio lower than) a maximum speed
ratio (that is, the lowest speed ratio that is the lowest
vehicle speed-side speed ratio) ymax that is established
by the continuously variable transmission 24. For exam-
ple, the speed ratio γ1 corresponds to a first-speed speed
ratio γ1 that is the speed ratio of a first gear stage in the
power transmission system 16, and the lowest speed ra-
tio ymax of the continuously variable transmission 24 cor-
responds to a second-speed speed ratio y2 that is the
speed ratio of a second gear stage in the power trans-
mission system 16. Therefore, for example, the gear
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drive mode and the CVT drive mode are changed in ac-
cordance with a shift line for changing between the first
gear stage and the second gear stage in a shift map of
a known stepped transmission. For example, in the CVT
drive mode, a shift (for example, a CVT shift, and a con-
tinuously variable shift) is carried out. In this shift, the
speed ratio y is changed on the basis of a traveling state,
such as an accelerator operation amount θacc and a ve-
hicle speed V, by using a known method. In changing
the driving pattern from the gear drive mode to the CVT
drive mode (high vehicle speed) or changing the driving
pattern from the CVT drive mode (high vehicle speed) to
the gear drive mode, the change is carried out via a CVT
drive mode (intermediate vehicle speed) shown in FIG.
2 transitionally.
[0034] For example, when the driving pattern is
changed from the gear drive mode to the CVT drive mode
(high vehicle speed), the driving pattern is transitionally
changed from the gear drive mode to the CVT drive mode
(intermediate vehicle speed). The gear drive mode is the
state where the forward clutch C1 and the dog clutch D1
are engaged. The CVT drive mode (intermediate vehicle
speed) is the state where the CVT drive clutch C2 and
the dog clutch D1 are engaged. That is, a clutch engage-
ment changing shift (for example, clutch-to-clutch shift
(hereinafter, referred to as CtoC shift)) is carried out so
as to release the forward clutch C1 and engage the CVT
drive clutch C2. At this time, the power transmission path
is changed from the second power transmission path to
the first power transmission path, and the power trans-
mission system 16 is substantially upshifted. After the
power transmission path is changed, the dog clutch D1
is released in order to prevent an unnecessary drag or
high-speed rotation of the gear mechanism 28, or the like
(see interruption of driven input in FIG. 2). In this way,
the dog clutch D1 functions as a driven input interrupting
clutch that interrupts input from the drive wheels 14 side.
[0035] For example, when the driving pattern is
changed from the CVT drive mode (high vehicle speed)
to the gear drive mode, the driving pattern is transitionally
changed from the CVT drive mode (high vehicle speed)
to the CVT drive mode (intermediate vehicle speed) in
preparation for changing the driving pattern to the gear
drive mode (see downshift preparation in FIG. 2). The
CVT drive mode (high vehicle speed) is the state where
the CVT drive clutch C2 is engaged. The CVT drive mode
(intermediate vehicle speed) is the state where the CVT
drive clutch C2 is engaged and the dog clutch D1 is further
engaged. In the CVT drive mode (intermediate vehicle
speed), rotation is also transmitted to the carrier 26c of
the planetary gear train 26p via the gear mechanism 28.
When a clutch engagement changing shift (for example,
CtoC shift) is carried out so as to release the CVT drive
clutch C2 and engage the forward clutch C1 from the
state of the CVT drive mode (intermediate vehicle
speed), the driving pattern is changed to the gear drive
mode. At this time, the power transmission path is
changed from the first power transmission path to the

second power transmission path, and the power trans-
mission system 16 is substantially downshifted.
[0036] FIG. 3 is a view that illustrates a relevant portion
of control functions and control system for various con-
trols in the vehicle 10. As shown in FIG. 3, the vehicle 10
includes an electronic control unit (ECU) 80 including,
for example, a control unit for the vehicle 10. The control
unit changes the driving pattern of the power transmis-
sion system 16. Thus, FIG. 3 is a view that shows in-
put/output lines of the electronic control unit 80, and is a
functional block diagram that illustrates a relevant portion
of control functions implemented by the electronic control
unit 80. The electronic control unit 80 includes a so-called
microcomputer. The microcomputer includes, for exam-
ple, a CPU, a RAM, a ROM, input/output interfaces, and
the like. The CPU executes various controls over the ve-
hicle 10 by executing signal processing in accordance
with programs prestored in the ROM while utilizing a tem-
porary storage function of the RAM. For example, the
electronic control unit 80 is configured to execute output
control over the engine 12, shift control and belt clamping
force control over the continuously variable transmission
24, control for changing the driving pattern, and the like.
Where necessary, the electronic control unit 80 is split
into an electronic control unit for controlling the engine,
an electronic control unit for controlling a shift, and the
like.
[0037] Various actual values based on detection sig-
nals of various sensors of the vehicle 10 are supplied to
the electronic control unit 80. The various sensors in-
clude, for example, various rotation speed sensors 82,
84, 86, 88, an accelerator operation amount sensor 90,
a throttle valve opening degree sensor 92, a G sensor
94, and the like. The various actual values include, for
example, an engine rotation speed Ne, an input shaft
rotation speed Ni, an output shaft rotation speed No, a
wheel speed Nw, an accelerator operation amount θacc,
a throttle valve opening degree θth, a longitudinal accel-
eration G of the vehicle 10, and the like. The input shaft
rotation speed Ni is the rotation speed of the input shaft
22 (primary pulley 58), which corresponds to an input
shaft angular velocity ωi. The output shaft rotation speed
No is the rotation speed of the rotary shaft 60 (secondary
pulley 62), which corresponds to an output shaft angular
velocity ωo. The wheel speed Nw is the rotation speed
of one of the drive wheels 14, which corresponds to the
vehicle speed V. The accelerator operation amount θacc
is the operation amount of an accelerator pedal as a driv-
er’s acceleration request amount.
[0038] An engine output control command signal Se,
a hydraulic control command signal Scvt, a hydraulic con-
trol command signal Sswt, and the like, are output from
the electronic control unit 80. The engine output control
command signal Se is used to control the output of the
engine 12. The hydraulic control command signal Scvt
is used to control hydraulic pressure associated with a
shift of the continuously variable transmission 24. The
hydraulic control command signal Sswt is used to control
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the forward/reverse switching device 26, the CVT drive
clutch C2 and the dog clutch D1 associated with a change
of the driving pattern of the power transmission system
16. Specifically, a throttle driving signal, a fuel injection
signal, an ignition timing signal, and the like, are output
as the engine output control command signal Se. A com-
mand signal for driving a solenoid valve that regulates
the primary pressure Pin, a command signal for driving
a solenoid valve that regulates the secondary pressure
Pout, and the like, are output to the hydraulic control cir-
cuit 96 as the hydraulic control command signal Scvt.
Command signals, and the like, for respectively driving
solenoid valves that control hydraulic pressures that are
supplied to the forward clutch C1, the reverse brake B1,
the CVT drive clutch C2, the actuator for actuating the
hub sleeve 56, and the like, are output to the hydraulic
control circuit 96 as the hydraulic control command signal
Sswt.
[0039] The electronic control unit 80 includes an en-
gine output control unit 100, that is, engine output control
means, and a shift control unit 102, that is, shift control
means.
[0040] The engine output control unit 100, for example,
outputs the engine output control command signal Se to
the throttle actuator, the fuel injection device and the ig-
nition device in order to control the output of the engine
12. The engine output control unit 100, for example, cal-
culates a required driving force Fdem as a driver’s driving
request amount on the basis of the actual accelerator
operation amount θacc and the actual vehicle speed V
by using a correlation (driving force map) (not shown)
empirically obtained or obtained by design and stored in
advance (that is, predetermined). The engine output con-
trol unit 100 sets a target engine torque Tetgt for obtaining
the required driving force Fdem. The engine output con-
trol unit 100 controls not only the open/close of the elec-
tronic throttle valve by the throttle actuator but also the
fuel injection amount by the fuel injection device and the
ignition timing by the ignition device so that the target
engine torque Tetgt is obtained. Not only the required
driving force Fdem [N] of the drive wheels 14 but also a
required driving torque [Nm] of the drive wheels 14, a
required driving power [W] of the drive wheels 14, a re-
quired output torque [Nm] of the output shaft 30, a re-
quired engine torque [Nm], and the like, may be used as
the driving request amount. The accelerator operation
amount θacc[%], the throttle valve opening degree
θth[%], an intake air amount [g/sec] of the engine 12, or
the like, may be simply used as the driving request
amount.
[0041] In the CVT drive mode, the shift control unit 102
outputs the hydraulic control command signal Scvt to the
hydraulic control circuit 96 so that the speed ratio y be-
comes a target speed ratio ytgt. The hydraulic control
command signal Scvt is used to control the speed ratio
y of the continuously variable transmission 24. The target
speed ratio ytgt is calculated on the basis of the accel-
erator operation amount θacc, the vehicle speed V, and

the like. Specifically, the shift control unit 102 has a pre-
determined correlation (for example, a CVT shift map, a
belt clamping force map) by which the target speed ratio
ytgt of the continuously variable transmission 24 is
achieved while a belt slip of the continuously variable
transmission 24 does not occur. The target speed ratio
ytgt is set so that the operating point of the engine 12 is
on a predetermined optimal line (for example, an engine
optimal fuel consumption line). The shift control unit 102
determines a primary command pressure Pintgt and a
secondary command pressure Pouttgt on the basis of
the accelerator operation amount θacc, the vehicle speed
V, and the like, by using the above correlation. The pri-
mary command pressure Pintgt is a command value of
the primary pressure Pin. The secondary command pres-
sure Pouttgt is a command pressure of the secondary
pressure Pout. The shift control unit 102 outputs the pri-
mary command pressure Pintgt and the secondary com-
mand pressure Pouttgt to the hydraulic control circuit 96,
and carries out a CVT shift.
[0042] The shift control unit 102 controls a change of
the driving pattern between the gear drive mode and the
CVT drive mode. Specifically, the shift control unit 102
determines whether to change the driving pattern in
which the vehicle is traveling. For example, the shift con-
trol unit 102 determines whether to shift (change the
speed ratio) on the basis of the vehicle speed V and the
accelerator operation amount θacc by using an upshift
line and a downshift line for changing the speed ratio
between the first-speed speed ratio γ1 and the second-
speed speed ratio y2. The shift control unit 102 deter-
mines whether to change the driving pattern in which the
vehicle is traveling on the basis of the determined result.
The first-speed speed ratio corresponds to the speed ra-
tio EL in the gear drive mode. The second-speed speed
ratio corresponds to the lowest speed ratio ymax in the
CVT drive mode. The upshift line and the downshift line
are, for example, predetermined shift lines, and have a
predetermined hysteresis.
[0043] When the shift control unit 102 determines to
change the driving pattern, the shift control unit 102
changes the driving pattern. For example, when the shift
control unit 102 determines to upshift in the gear drive
mode, the shift control unit 102 changes the driving pat-
tern from the gear drive mode to the CVT drive mode
(high vehicle speed). When the shift control unit 102
changes the driving pattern from the gear drive mode to
the CVT drive mode (high vehicle speed), the shift control
unit 102 initially carries out an upshift through a CtoC
shift for releasing the forward clutch C1 and engaging
the CVT drive clutch C2. This state corresponds to the
CVT drive mode (intermediate vehicle speed) to which
the driving pattern is transitionally changed in FIG. 2. The
power transmission path in the power transmission sys-
tem 16 is changed from the second power transmission
path, through which power is transmitted via the gear
mechanism 28, to the first power transmission path,
through which power is transmitted via the continuously
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variable transmission 24. Subsequently, the shift control
unit 102 changes the driving pattern to the CVT drive
mode (high vehicle speed) by outputting a command to
actuate the hub sleeve 56 so that the engaged dog clutch
D1 is released. The hub sleeve 56 is driven by the hy-
draulic actuator (not shown), and a pressing force that is
applied to the hub sleeve 56 is adjusted by a hydraulic
pressure that is supplied to the hydraulic actuator.
[0044] When the shift control unit 102 determines to
downshift in the CVT drive mode (high vehicle speed),
the shift control unit 102 changes the driving pattern from
the CVT drive mode (high vehicle speed) to the gear drive
mode. When the shift control unit 102 changes the driving
pattern from the CVT drive mode (high vehicle speed) to
the gear drive mode, the shift control unit 102 initially
changes the driving pattern to the CVT drive mode (in-
termediate vehicle speed) by outputting a command to
actuate the hub sleeve 56 so that the released dog clutch
D1 is engaged. Subsequently, the shift control unit 102
carries out a downshift through a CtoC shift for releasing
the CVT drive clutch C2 and engaging the forward clutch
C1. This state corresponds to the gear drive mode in FIG.
2. The power transmission path in the power transmis-
sion system 16 is changed from the first power transmis-
sion path, through which power is transmitted via the con-
tinuously variable transmission 24, to the second power
transmission path, through which power is transmitted
via the gear mechanism 28. In this way, when the shift
control unit 102 changes transmission of power from
transmission of power via the continuously variable trans-
mission 24 to transmission of power via the gear mech-
anism 28 while the vehicle 10 is traveling, the dog clutch
D1 is actuated to an engaged side and then the CVT
drive clutch C2 is released.
[0045] In control for transitionally changing the driving
pattern to the CVT drive mode (intermediate vehicle
speed) as described above, the first power transmission
path and the second power transmission path are
changed only by exchanging torque through a CtoC shift.
Therefore, a change shock is suppressed.
[0046] Incidentally, in the gear drive mode, the contin-
uously variable transmission 24 idles with rotation of the
primary pulley 58 coupled to the input shaft 22 in a state
where the rotary shaft 60 is separated from the output
shaft 30. A reduction in the loss of the idling continuously
variable transmission 24 leads to improvement in fuel
economy. During a change of the driving pattern from
the gear drive mode to the CVT drive mode (intermediate
vehicle speed), the speed ratio y of the continuously var-
iable transmission 24 is desirably set to the target speed
ratio ytgt that is calculated as in the case of, for example,
the CVT drive mode in terms of continuity in the CVT
drive mode. However, there is a case where controlling
the continuously variable transmission 24 at the target
speed ratio ytgt in the gear drive mode as in the case of
the CVT drive mode does not reduce the loss of the con-
tinuously variable transmission 24. Therefore, the shift
control unit 102 changes the driving pattern from the gear

drive mode to the CVT drive mode (intermediate vehicle
speed), for example, in a state where the speed ratio y
of the continuously variable transmission 24 is set to the
target speed ratio ytgt that is calculated as in the case of
the CVT drive mode. However, in the gear drive mode,
the speed ratio y is set to the speed ratio y at which the
loss of the continuously variable transmission 24 is re-
duced as much as possible.
[0047] Therefore, the electronic control unit 80 further
includes a loss calculation unit 104, that is, loss calcula-
tion means, and a target speed ratio calculation unit 106,
that is, target speed ratio calculation means.
[0048] The loss calculation unit 104 includes an esti-
mated friction loss calculation unit 108, that is, estimated
friction loss calculation means, and an estimated inertial
loss calculation unit 110, that is, estimated inertial loss
calculation means. The estimated friction loss calculation
unit 108 calculates an estimated friction loss Tlfp. The
estimated friction loss Tlfp is an estimated value of a fric-
tion loss Tlf [Nm] of the continuously variable transmis-
sion 24. The estimated inertial loss calculation unit 110
calculates an estimated inertial loss Tlip. The estimated
inertial loss Tlip is an estimated value of an inertial loss
Tli [Nm] of the continuously variable transmission 24. The
friction loss Tlf includes, for example, a friction loss torque
between the transmission belt 64 and each of the pulleys
58, 62 in the continuously variable transmission 24, and
may include a belt internal loss torque due to friction be-
tween rings and elements that constitute the transmis-
sion belt 64. The inertial loss Tli is, for example, an inertial
loss torque that is generated during acceleration by the
moment of inertia of idling members of the continuously
variable transmission 24 in an idling state in the gear
drive mode. Particularly, the inertial loss of the secondary
pulley 62 changes with the speed ratio y of the continu-
ously variable transmission 24. Therefore, in the present
embodiment, in order to obtain the speed ratio y at which
the loss of the continuously variable transmission 24 is
reduced as much as possible, the inertial loss of the sec-
ondary pulley 62, which depends on the speed ratio y, is
described as the inertial loss Tli.
[0049] The estimated friction loss calculation unit 108
calculates the estimated friction loss Tlfp on the basis of
the speed ratio y of the continuously variable transmis-
sion 24 by using a predetermined schematic mathemat-
ical expression for calculating the friction loss Tlf of the
continuously variable transmission 24 as expressed by
the following mathematical expression (1). In the follow-
ing mathematical expression (1), C denotes a predeter-
mined friction loss calculation coefficient, and may be,
for example, a constant value or may be a value that is
increased as the input torque Ti of the continuously var-
iable transmission 24 increases. 
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[0050] The estimated inertial loss calculation unit 110
calculates the estimated inertial loss Tlip on the basis of
the speed ratio y of the continuously variable transmis-
sion 24 and an angular acceleration (input shaft angular
acceleration) dωi/dt [rad/s2] of the input shaft 22 by using
a predetermined arithmetic expression for calculating the
inertial loss of the secondary pulley 62 as expressed by
the following mathematical expression (2). In the follow-
ing mathematical expression (2), Is denotes the prede-
termined moment of inertia of the secondary pulley 62.
The input shaft angular acceleration dωi/dt is the time
rate of change in the rotation speed of the input shaft 22,
and a time derivative, that is, a time rate of change, is
indicated with a dot in the graph (the same applies to the
following description). 

[0051] The loss calculation unit 104 calculates a total
loss Tlt of the continuously variable transmission 24 in
the gear drive mode from the sum of the estimated friction
loss Tlfp and the estimated inertial loss Tlip as expressed
by the following mathematical expression (3). 

[0052] In the mathematical expression (3), the estimat-
ed friction loss Tlfp that is the first term on the right-hand
side monotonously decreases as the speed ratio y in-
creases in the range of the speed ratio y from the mini-
mum speed ratio (that is, the highest speed ratio that is
the highest vehicle speed-side speed ratio) ymin to "1".
The minimum speed ratio ymin is established by the con-
tinuously variable transmission 24. The estimated friction
loss Tlfp monotonously increases as the speed ratio y
increases in the range of the speed ratio y from "1" to the
lowest speed ratio ymax. On the other hand, the estimat-
ed inertial loss Tlip that is the second term on the right-
hand side monotonously decreases as the speed ratio y
increases. Thus, in the range from the highest speed
ratio ymin to "1", the speed ratio y that minimizes the total
loss Tlt of the continuously variable transmission 24 is
"1". In contrast, in the range of the speed ratio y from "1"
to the lowest speed ratio ymax, the speed ratio y that
minimizes the total loss Tlt of the continuously variable
transmission 24 changes depending on the value of the
input shaft angular acceleration dωi/dt.
[0053] FIG. 4 is a graph that shows the correlation be-
tween the input shaft angular acceleration dωi/dt and the
total loss Tit of the continuously variable transmission 24
with the speed ratio y ranging from "1" to the lowest speed
ratio ymax as a parameter so as to reflect the mathemat-
ical expression (3). FIG. 4 shows a tendency that, when
the input shaft angular acceleration dωi/dt is relatively
small, the total loss Tlt decreases as the speed ratio y

gets close to "1", that is, the speed ratio y provides a high
vehicle speed, and, when the input shaft angular accel-
eration dωi/dt is relatively large, the total loss Tlt decreas-
es as the speed ratio y gets close to the lowest speed
ratio ymax, that is, the speed ratio y provides a low vehicle
speed.
[0054] The target speed ratio calculation unit 106, for
example, sets the speed ratio y of the continuously var-
iable transmission 24 for minimizing the total loss Tlt of
the continuously variable transmission 24 to the target
speed ratio ytgt of the idling continuously variable trans-
mission 24 on the basis of the input shaft angular accel-
eration dωi/dt. The total loss Tlt of the continuously var-
iable transmission 24 is the sum of the estimated friction
loss Tlfp of the continuously variable transmission 24 and
the estimated inertial loss Tlip of the continuously varia-
ble transmission 24. In this way, the target speed ratio
calculation unit 106 calculates the target speed ratio ytgt
of the idling continuously variable transmission 24 on the
basis of the estimated friction loss Tlfp and the estimated
inertial loss Tlip.
[0055] For implementation into the electronic control
unit 80, instead of employing the above-described em-
bodiment in which the loss calculation unit 104 and the
target speed ratio calculation unit 106 are provided, and
the target speed ratio ytgt is calculated by the target
speed ratio calculation unit 106 on the basis of the total
loss Tlt calculated by the loss calculation unit 104, an
alternative embodiment may be employed. In the alter-
native embodiment, the loss calculation unit 104 is not
provided, and the target speed ratio ytgt is calculated by
the target speed ratio calculation unit 106 by using a pre-
determined correlation (map). Hereinafter, the alterna-
tive embodiment will be described.
[0056] FIG. 5 is a graph in which the speed ratios y
that minimize the total loss Tlt in FIG. 4 are selected and
plotted. That is, FIG. 5 is a graph that shows the corre-
lation between the input shaft angular acceleration dωi/dt
and the speed ratio y that minimizes the total loss Tlt.
FIG. 5 shows a tendency that the speed ratio y that min-
imizes the total loss Tlt is smaller in the case where the
input shaft angular acceleration dωi/dt is small than in
the case where the input shaft angular acceleration dωi/dt
is large. If the friction loss calculation coefficient C in the
following mathematical expression (1) is changed in ac-
cordance with the input torque Ti of the continuously var-
iable transmission 24, the correlation graph shown in
FIG. 5 is also changed in accordance with the input torque
Ti.
[0057] The target speed ratio calculation unit 106 cal-
culates the target speed ratio ytgt of the idling continu-
ously variable transmission 24 on the basis of the input
shaft angular acceleration dωi/dt by using the correlation
shown in FIG. 5. The correlation shown in FIG. 5 is pre-
determined such that the speed ratio y of the continuously
variable transmission 24 for minimizing the total loss Tlt
of the continuously variable transmission 24 provides a
higher vehicle speed in the case where the input shaft
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angular acceleration dωi/dt is small than in the case
where the input shaft angular acceleration dωi/dt is large.
The target speed ratio calculation unit 106, for example,
calculates the input shaft angular acceleration dωi/dt on
the basis of an estimated input torque Tip by using a
predetermined arithmetic expression shown in the fol-
lowing mathematical expression (4). The estimated input
torque Tip is an estimated value of the input torque Ti of
the continuously variable transmission 24. In the follow-
ing mathematical expression (4), Ieq is an equivalent mo-
ment of inertia of the vehicle 10, including the inertial
system of the rotating members. The target speed ratio
calculation unit 106, for example, calculates an estimated
value Tep of the engine torque Te (estimated engine
torque) on the basis of the engine rotation speed Ne, the
throttle valve opening degree θth, and the like, by using
a predetermined correlation (for example, an engine
torque map), and calculates the estimated input torque
Tip by multiplying the estimated engine torque Tep by a
torque ratio t (= Turbine torque/Pump torque) of the
torque converter 20. The torque ratio t is a function of a
speed ratio e (= Turbine rotation speed (Input shaft ro-
tation speed Ni)/Pump rotation speed (Engine rotation
speed Ne)) of the torque converter. The target speed
ratio calculation unit 106, for example, calculates the
torque ratio t on the basis of the actual speed ratio e by
using a predetermined correlation (map) between the
speed ratio e and the torque ratio t. 

[0058] In any one of the embodiment in which the loss
calculation unit 104 is provided and the alternative em-
bodiment in which the loss calculation unit 104 is not
provided, when the power transmission path of the power
transmission system 16 is the second power transmis-
sion path, the shift control unit 102 controls the continu-
ously variable transmission 24 at the target speed ratio
ytgt of the idling continuously variable transmission 24.
The target speed ratio ytgt of the idling continuously var-
iable transmission 24 is calculated by the target speed
ratio calculation unit 106. Thus, when the power trans-
mission path of the power transmission system 16 is the
second power transmission path, the shift control unit
102 controls the continuously variable transmission 24
at the speed ratio y that provides a higher vehicle speed
in the case where the input shaft angular acceleration
dωi/dt is small than in the case where the input shaft
angular acceleration dωi/dt is large.
[0059] When the power transmission path of the power
transmission system 16 is the second power transmis-
sion path, the shift control unit 102 controls the continu-
ously variable transmission 24 at the target speed ratio
ytgt of the idling continuously variable transmission 24
until the shift control unit 102 determines to change the
power transmission path to the first power transmission

path. On the other hand, for example, when the shift con-
trol unit 102 determines to change the power transmis-
sion path to the first power transmission path, the shift
control unit 102 controls the continuously variable trans-
mission 24 at the target speed ratio ytgt. The target speed
ratio ytgt is calculated on the basis of the accelerator
operation amount θacc, the vehicle speed V, and the like,
as in the case of the CVT drive mode. Determination to
change the power transmission path to the first power
transmission path by the shift control unit 102 is made
before the change is actually carried out, so the determi-
nation, for example, corresponds to an advance notice
to change the power transmission path from the second
power transmission path to the first power transmission
path (advance notice to change the driving pattern from
the gear drive mode to the CVT drive mode).
[0060] FIG. 6 is a flowchart that illustrates a relevant
portion of control operations of the electronic control unit
80, that is, control operations for appropriately reducing
the loss of the idling continuously variable transmission
24. The flowchart is, for example, repeatedly executed
at an extremely short cycle time of about several milli-
seconds to several tens of milliseconds. FIG. 7 is one
example of a time chart in the case where the control
operations shown in the flowchart of FIG. 6 are executed,
and is one example at the time when the vehicle decel-
erates, stops, starts, and accelerates.
[0061] In FIG. 6, initially, in step (hereinafter, step is
omitted) S10 corresponding to the shift control unit 102,
for example, it is determined, on the basis of the com-
mand signal to the hydraulic control circuit 96, whether
the power transmission path of the power transmission
system 16 is the second power transmission path, that
is, whether the gear transmission mode is selected and
set. When affirmative determination is made in S10, in
S20 corresponding to the shift control unit 102, for ex-
ample, whether there is an advance notice to change the
driving pattern from the gear drive mode to the CVT drive
mode is determined on the basis of whether it is deter-
mined to change the power transmission path from the
second power transmission path to the first power trans-
mission path. When negative determination is made in
S20, in S30 corresponding to the target speed ratio cal-
culation unit 106, for example, the speed ratio y of the
continuously variable transmission 24 for minimizing the
total loss Tlt of the continuously variable transmission 24
is set to the target speed ratio ytgt of the idling continu-
ously variable transmission 24. Specifically, an estimated
value of the input shaft angular acceleration dcoi/dt is
calculated by using the mathematical expression (4). The
speed ratio y of the continuously variable transmission
24 for minimizing the total loss Tlt of the continuously
variable transmission 24 is calculated on the basis of the
estimated value of the input shaft angular acceleration
dωi/dt by using the predetermined correlation shown in
FIG. 5, and the speed ratio y is set to the target speed
ratio ytgt of the idling continuously variable transmission
24. On the other hand, when negative determination is
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made in S10 or when affirmative determination is made
in S20, in S40 corresponding to the shift control unit 102,
for example, the target speed ratio ytgt is calculated (set)
on the basis of a request for the vehicle in traveling (that
is, the accelerator operation amount θacc, the vehicle
speed V, and the like). Negative determination is made
in S10, for example, when the CVT transmission mode
is set, when the driving pattern is being changed from
the CVT drive mode to the gear transmission mode, when
the power transmission path is in a neutral state, when
a reverse traveling mode is selected, or the like.
[0062] In FIG. 7, during deceleration of the vehicle 10,
the driving pattern is changed from the CVT transmission
mode to the gear transmission mode before a stop of the
vehicle. The t1 timing indicates the timing at which the
above change has completed. After the vehicle starts
moving in the gear transmission mode, the driving pattern
is changed from the gear transmission mode to the CVT
transmission mode on the basis of the traveling state.
The t2 timing indicates the timing at which determination
(advance notice) as to the above change is made. As
shown in the flowchart of FIG. 6, when the gear trans-
mission mode is set and there is no advance notice of a
change of the driving pattern from the gear transmission
mode to the CVT transmission mode, the target speed
ratio ytgt of the continuously variable transmission 24 is
set on the basis of the speed ratio y of the continuously
variable transmission 24 for minimizing the total loss Tlt
of the continuously variable transmission 24 (see the t1
timing to the t2 timing). In a case other than the above
case, the target speed ratio ytgt of the continuously var-
iable transmission 24 is set on the basis of the target
speed ratio ytgt that is calculated on the basis of the re-
quest for the vehicle in traveling (see before the t1 timing
and after the t2 timing).
[0063] As described above, according to the present
embodiment, when the power transmission path of the
power transmission system 16 is the second power trans-
mission path, the continuously variable transmission 24
is controlled at the speed ratio y that provides a higher
vehicle speed in the case where the input shaft angular
acceleration dωi/dt is small than in the case where the
input shaft angular acceleration dωi/dt is large. There-
fore, when the power transmission path is the second
power transmission path, it is possible to control the
speed ratio y of the continuously variable transmission
24 to the speed ratio y that reflects the inertial loss Tli of
the continuously variable transmission 24. The inertial
loss Tli changes with the input shaft angular acceleration
dωi/dt. Thus, in the vehicle 10 including the continuously
variable transmission 24 and the gear mechanism 28 pro-
vided in parallel with each other between the input shaft
22 and the output shaft 30, it is possible to appropriately
reduce the loss of the idling continuously variable trans-
mission 24.
[0064] According to the present embodiment, when the
power transmission path of the power transmission sys-
tem 16 is the second power transmission path, the idling

continuously variable transmission 24 is controlled at the
target speed ratio ytgt calculated on the basis of the es-
timated friction loss Tlfp and the estimated inertial loss
Tlip. Therefore, when the power transmission path of the
power transmission system 16 is the second power trans-
mission path, it is possible to control the speed ratio y of
the continuously variable transmission 24 to the target
speed ratio ytgt that reflects the friction loss Tlf of the
continuously variable transmission 24 and the inertial
loss Tli of the continuously variable transmission 24.
[0065] According to the present embodiment, the tar-
get speed ratio ytgt of the idling continuously variable
transmission 24 is the speed ratio y of the continuously
variable transmission 24 for minimizing the total loss Tlt
that is the sum of the estimated friction loss Tlfp and the
estimated inertial loss Tlip. Therefore, when the power
transmission path of the power transmission system 16
is the second power transmission path, the total loss Tlt
of the idling continuously variable transmission 24 is re-
duced as much as possible. Thus, fuel economy is im-
proved.
[0066] According to the present embodiment, when the
power transmission path of the power transmission sys-
tem 16 is the second power transmission path, the con-
tinuously variable transmission 24 is controlled at the tar-
get speed ratio ytgt of the idling continuously variable
transmission 24 until it is determined to change the power
transmission path to the first power transmission path.
Therefore, when it is determined to change the power
transmission path to the first power transmission path, it
is possible to prohibit control of the idling continuously
variable transmission 24 at the target speed ratio ytgt,
and control the continuously variable transmission 24 at
the target speed ratio ytgt that is calculated as in the case
of the CVT drive mode in preparation for a change of the
power transmission path to the first power transmission
path. Thus, it is possible to give a higher priority to driv-
ability, such as suppression of a change shock, than to
fuel economy.
[0067] According to the present embodiment, the
speed ratio y of the continuously variable transmission
24 for minimizing the total loss Tlt of the continuously
variable transmission 24 is calculated on the basis of the
estimated value of the input shaft angular acceleration
dωi/dt by using the predetermined correlation shown in
FIG. 5, and the speed ratio y is set to the target speed
ratio ytgt of the idling continuously variable transmission
24. When the power transmission path of the power trans-
mission system 16 is the second power transmission
path, the continuously variable transmission 24 is con-
trolled at the target speed ratio ytgt of the idling continu-
ously variable transmission 24. Therefore, when the pow-
er transmission path of the power transmission system
16 is the second power transmission path, the speed
ratio y of the idling continuously variable transmission 24
is controlled to the target speed ratio ytgt at which the
total loss Tlt of the continuously variable transmission 24
is reduced as much as possible. Thus, fuel economy is
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improved.
[0068] The embodiments of the invention are de-
scribed in detail with reference to the drawings; however,
the invention is also applicable to other alternative em-
bodiments.
[0069] For example, in the above-described embodi-
ments, the loss that changes with the speed ratio y of the
continuously variable transmission 24 includes not only
the friction loss Tlf or the inertial loss Tli but also a device
loss Tlp of the oil pump 41 that supplies the source of
the primary thrust Win and secondary thrust Wout. The
device loss Tlp changes with the speed ratio y. Therefore,
as shown in FIG. 3, the loss calculation unit 104 may
further include an estimated device loss calculation unit
112, that is, estimated device loss calculation means.
The estimated device loss calculation unit 112 calculates
an estimated device loss Tlpp that is an estimated value
of the device loss Tip of the oil pump 41. In such a case,
the target speed ratio calculation unit 106 calculates the
target speed ratio ytgt of the idling continuously variable
transmission 24 on the basis of the estimated friction loss
Tlfp, the estimated inertial loss Tlip and the estimated
device loss Tlpp. Alternatively, as shown in FIG. 5, the
device loss Tlp may be incorporated in the correlation
between the input shaft angular acceleration dωi/dt and
the speed ratio y that minimizes the total loss Tlt. With
this configuration, when the power transmission path of
the power transmission system 16 is the second power
transmission path, it is possible to control the speed ratio
y of the continuously variable transmission 24 to the tar-
get speed ratio ytgt that reflects the friction loss Tlf of the
continuously variable transmission 24, the inertial loss
Tli of the continuously variable transmission 24 and the
device loss Tlp of the oil pump 41. Thus, it is possible to
further appropriately reduce the loss of the idling contin-
uously variable transmission 24.
[0070] In the above-described embodiments, determi-
nation to change the power transmission path to the first
power transmission path by the shift control unit 102 cor-
responds to an advance notice to change the driving pat-
tern from the gear drive mode to the CVT drive mode.
The advance notice of the change may be, for example,
determination as to a traveling state close to the traveling
state where change determination is made by the shift
control unit 102, other than the above change determi-
nation. For example, when the vehicle enters a prede-
termined traveling state where it is determined that the
vehicle enters a traveling state where change determi-
nation is made as a result of an increase in the vehicle
speed V, or the like, if the vehicle continues traveling, the
advance notice of the change may be issued.
[0071] In the above-described embodiments, when an
advance notice of a change of the driving pattern from
the gear transmission mode to the CVT transmission
mode is issued while the gear transmission mode is set,
the target speed ratio ytgt of the continuously variable
transmission 24 is set on the basis of a request for the
vehicle in traveling; however, the invention is not limited

to this configuration. For example, the target speed ratio
ytgt of the continuously variable transmission 24 in this
case may be set to a constant value, such as the lowest
speed ratio ymax closest to the speed ratio in the gear
drive mode and a speed ratio y close to the lowest speed
ratio ymax. Alternatively, while the gear transmission
mode is set, until the driving pattern is actually changed
from the gear transmission mode to the CVT transmis-
sion mode, the speed ratio y of the continuously variable
transmission 24 for minimizing the total loss Tlt of the
continuously variable transmission 24 may be set to the
target speed ratio ytgt of the idling continuously variable
transmission 24. In such a case, S20 in the flowchart of
FIG. 6 is not executed. Therefore, steps may be changed
as needed without any difficulty. For example, S20 in the
flowchart of FIG. 6 may be omitted.
[0072] In the above-described embodiments, the gear
mechanism 28 is the transmission mechanism having a
single gear stage; however, the gear mechanism 28 is
not limited to this configuration. For example, the gear
mechanism 28 may be a transmission mechanism having
a plurality of gear stages with different speed ratios y.
That is, the gear mechanism 28 may be a stepped trans-
mission that is shifted into two or more stages.
[0073] In the above-described embodiments, in terms
of the speed ratio y, the gear mechanism 28 is the trans-
mission mechanism that establishes the speed ratio EL
lower than the lowest speed ratio ymax of the continu-
ously variable transmission 24; however, the gear mech-
anism 28 is not limited to this configuration. For example,
the gear mechanism 28 may be a transmission mecha-
nism that establishes a speed ratio EH higher than the
highest speed ratio ymin of the continuously variable
transmission 24 or may be a transmission mechanism
that establishes both the low speed ratio EL and the high
speed ratio EH. The invention can also be applied to the
thus configured gear mechanism 28. This also applies
to the case where the gear mechanism 28 is a transmis-
sion mechanism having a plurality of gear stages.
[0074] In the above-described embodiments, the driv-
ing pattern of the power transmission system 16 is
changed by using the predetermined shift map; however,
the invention is not limited to this configuration. For ex-
ample, the driving pattern of the power transmission sys-
tem 16 may be changed by calculating a driver’s driving
request amount (for example, required torque) on the
basis of the vehicle speed V and the accelerator opera-
tion amount θacc and then setting a speed ratio that sat-
isfies the required torque.
[0075] In the above-described embodiments, the en-
gine 12 is illustrated as the driving force source; however,
the invention is not limited to this configuration. For ex-
ample, an internal combustion engine, such as a gasoline
engine and a diesel engine, is used as the driving force
source. Instead, another prime motor, such as an electric
motor, may be employed solely or in combination with
the engine 12, as the driving force source. The power of
the engine 12 is transmitted to the continuously variable
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transmission 24 or the gear mechanism 28 via the torque
converter 20; however, the invention is not limited to this
configuration. For example, instead of the torque con-
verter 20, another fluid transmission device, such as a
fluid coupling having no torque amplification function,
may be used. Alternatively, the fluid transmission device
is not necessarily provided.
[0076] The above-described embodiments are only il-
lustrative, and the invention may be implemented in
modes including various modifications or improvements
on the basis of the knowledge of persons skilled in the
art and within the scope of the appended claims.

Claims

1. A control apparatus for a vehicle, the vehicle includ-
ing
a continuously variable transmission mechanism
(24),
a transmission mechanism (28) having at least one
gear stage, the continuously variable transmission
mechanism and the transmission mechanism being
provided in parallel with each other between an input
rotating member (22) and an output rotating member
(30), power of a driving force source being transmit-
ted to the input rotating member, the output rotating
member being configured to output the power to a
drive wheel (14), and
a clutch mechanism (16) configured to selectively
change a power transmission path between a first
power transmission path and a second power trans-
mission path, the power transmission path being
configured to transmit the power of the driving force
source to the drive wheel, the first power transmis-
sion path being a path in which the continuously var-
iable transmission mechanism is interposed, the
second power transmission path being a path in
which the transmission mechanism is interposed,
the control apparatus being characterised by com-
prising:

an electronic control unit (80) configured to,
when the power is transmitted to the drive wheel
through the second power transmission path,
control the continuously variable transmission
mechanism such that a speed ratio when an an-
gular acceleration of the input rotating member
is small is higher than the speed ratio when the
angular acceleration of the input rotating mem-
ber is large.

2. The control apparatus according to claim 1 wherein
the electronic control unit is configured to

i) calculate an estimated value of a friction loss
of the continuously variable transmission mech-
anism,

ii) calculate an estimated value of an inertial loss
of the continuously variable transmission mech-
anism,
iii) calculate a target speed ratio of the continu-
ously variable transmission mechanism based
on the estimated value of the friction loss and
the estimated value of the inertial loss, and
iv) when the power is transmitted to the drive
wheel through the second power transmission
path, control the continuously variable transmis-
sion mechanism at the target speed ratio.

3. The control apparatus according to claim 2, wherein
the target speed ratio is a speed ratio of the contin-
uously variable transmission mechanism for mini-
mizing a sum of the estimated value of the friction
loss and the estimated value of the inertial loss.

4. The control apparatus according to claim 2 or 3,
wherein
the electronic control unit is configured to, when the
power is transmitted to the drive wheel through the
second power transmission path, control the contin-
uously variable transmission mechanism at the tar-
get speed ratio until the electronic control unit deter-
mines to change the power transmission path to the
first power transmission path.

5. The control apparatus according to any one of claims
2 to 4, wherein
the electronic control unit is configured to

i) calculate an estimated value of a device loss
of a thrust supply device configured to supply
thrust to a rotating member of the continuously
variable transmission mechanism, and
ii) calculate a target speed ratio of the continu-
ously variable transmission mechanism based
on the estimated value of the friction loss, the
estimated value of the inertial loss and the esti-
mated value of the device loss.

6. The control apparatus according to claim 1, wherein
the electronic control unit is configured to

i) calculate a target speed ratio of the continu-
ously variable transmission mechanism based
on the angular acceleration of the input rotating
member by using a predetermined correlation
between (a) the angular acceleration of the input
rotating member and (b) a speed ratio of the
continuously variable transmission mechanism
for minimizing a sum of a friction loss of the con-
tinuously variable transmission mechanism and
an inertial loss of the continuously variable trans-
mission mechanism, the predetermined corre-
lation being determined such that a speed ratio
when the angular acceleration of the input rotat-
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ing member is small is higher than the speed
ratio when the angular acceleration of the input
rotating member is large, and
ii) when the power is transmitted to the drive
wheel thorough the second power transmission
path, control the continuously variable transmis-
sion mechanism at the target speed ratio.

7. A control apparatus for a vehicle, the vehicle includ-
ing
a continuously variable transmission mechanism
(24),
a transmission mechanism (28) having at least one
gear stage, the continuously variable transmission
mechanism and the transmission mechanism being
provided in parallel with each other between an input
rotating member (22) and an output rotating member
(30), power of a driving force source being transmit-
ted to the input rotating member, the output rotating
member being configured to output the power to a
drive wheel (14), and
a clutch mechanism (16) configured to selectively
change a power transmission path between a first
power transmission path and a second power trans-
mission path, the power transmission path being
configured to transmit the power of the driving force
source to the drive wheel, the first power transmis-
sion path being a path in which the continuously var-
iable transmission mechanism is interposed, the
second power transmission path being a path in
which the transmission mechanism is interposed,
the control apparatus being characterised by com-
prising:

an electronic control unit (80) configured to

i) calculate an estimated value of a friction
loss of the continuously variable transmis-
sion mechanism,
ii) calculate an estimated value of an inertial
loss of the continuously variable transmis-
sion mechanism,
iii) calculate a target speed ratio of the con-
tinuously variable transmission mechanism
based on the estimated value of the friction
loss and the estimated value of the inertial
loss, and
iv) when the power is transmitted to the drive
wheel through the second power transmis-
sion path, control the continuously variable
transmission mechanism at the target
speed ratio.

8. The control apparatus according to claim 7, wherein
the target speed ratio is a speed ratio of the contin-
uously variable transmission mechanism for mini-
mizing a sum of the estimated value of the friction
loss and the estimated value of the inertial loss.

9. The control apparatus according to claim 7 or 8,
wherein
the electronic control unit is configured to, when the
power is transmitted to the drive wheel through the
second power transmission path, control the contin-
uously variable transmission mechanism at the tar-
get speed ratio until the electronic control unit deter-
mines to change the power transmission path to the
first power transmission path.

10. The control apparatus according to any one of claims
7 to 9, wherein
the electronic control unit is configured to

i) calculate an estimated value of a device loss
of a thrust supply device configured to supply
thrust to a rotating member of the continuously
variable transmission mechanism, and
ii) calculate a target speed ratio of the continu-
ously variable transmission mechanism based
on the estimated value of the friction loss, the
estimated value of the inertial loss and the esti-
mated value of the device loss.

Patentansprüche

1. Steuervorrichtung für ein Fahrzeug, wobei das Fahr-
zeug umfasst
einen kontinuierlich variablen Getriebemechanis-
mus (24),
einen Getriebemechanismus (28) mit mindestens ei-
ner Getriebestufe, wobei der kontinuierlich variable
Getriebemechanismus und der Getriebemechanis-
mus parallel zueinander zwischen einem Eingabe-
Rotationselement (22) und einem Ausgabe-Rotati-
onselement (30) angeordnet sind, wobei die Leis-
tung einer Antriebskraftquelle an das Eingabe-Ro-
tationselement übertragen wird, wobei das Ausga-
be-Rotationselement konfiguriert ist, die Leistung an
ein Antriebsrad (14) auszugeben, und
einen Kupplungsmechanismus (16), der konfiguriert
ist, einen Leistungsübertragungsweg zwischen ei-
nem ersten Leistungsübertragungsweg und einem
zweiten Leistungsübertragungsweg wahlweise zu
ändern, wobei der Leistungsübertragungsweg kon-
figuriert ist, die Leistung der Antriebskraftquelle an
das Antriebsrad zu übertragen, wobei der erste Leis-
tungsübertragungsweg ein Weg ist, auf dem der kon-
tinuierlich variable Getriebemechanismus zwi-
schengeschaltet ist, wobei der zweite Leistungsü-
bertragungsweg ein Weg ist, auf dem der Getriebe-
mechanismus zwischengeschaltet ist, wobei die
Steuervorrichtung dadurch gekennzeichnet ist,
dass sie Folgendes umfasst:
eine elektronische Steuervorrichtung (80), die kon-
figuriert ist, wenn die Leistung durch den zweiten
Leistungsübertragungsweg an das Antriebsrad
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übertragen wird, den kontinuierlich variablen Getrie-
bemechanismus zu steuern, so dass ein Drehzahl-
verhältnis, wenn eine Winkelbeschleunigung des
Eingabe-Rotationselements klein ist, höher als das
Drehzahlverhältnis ist, wenn die Winkelbeschleuni-
gung des Eingabe-Rotationselements groß ist.

2. Steuervorrichtung nach Anspruch 1, wobei
die elektronische Steuervorrichtung konfiguriert ist
für das

i) Berechnen eines Schätzwerts eines Rei-
bungsverlusts des kontinuierlich variablen Ge-
triebemechanismus,
ii) Berechnen eines Schätzwerts eines Träg-
heitsverlusts des kontinuierlich variablen Ge-
triebemechanismus,
iii) Berechnen eines Zieldrehzahlverhältnisses
des kontinuierlich variablen Getriebemechanis-
mus basierend auf dem Schätzwert des Rei-
bungsverlusts und dem Schätzwert des Träg-
heitsverlusts, und
iv) wenn die Leistung an das Antriebsrad durch
den zweiten Leistungsübertragungsweg über-
tragen wird, Steuern des kontinuierlich variablen
Getriebemechanismus im Zieldrehzahlverhält-
nis.

3. Steuervorrichtung nach Anspruch 2, wobei
das Zieldrehzahlverhältnis ein Drehzahlverhältnis
des kontinuierlich variablen Getriebemechanismus
ist, um eine Summe des Schätzwerts des Reibungs-
verlusts und des Schätzwerts des Trägheitsverlusts
zu minimieren.

4. Steuervorrichtung nach Anspruch 2 oder 3, wobei
die elektronische Steuervorrichtung konfiguriert ist,
wenn die Leistung an das Antriebsrad durch den
zweiten Leistungsübertragungsweg übertragen
wird, den kontinuierlich variablen Getriebemecha-
nismus im Zieldrehzahlverhältnis zu steuern, bis die
elektronische Steuervorrichtung bestimmt, den Leis-
tungsübertragungsweg zu dem ersten Leistungsü-
bertragungsweg zu wechseln.

5. Steuervorrichtung nach einem der Ansprüche 2 bis
4, wobei die elektronische Steuervorrichtung konfi-
guriert ist für das

i) Berechnen eines Schätzwerts eines Geräte-
verlusts eines Schubkraftversorgungsgeräts,
das konfiguriert ist, ein Rotationselement des
kontinuierlich variablen Getriebemechanismus
mit Schubkraft zu versorgen, und
ii) Berechnen eines Zieldrehzahlverhältnisses
des kontinuierlich variablen Getriebemechanis-
mus basierend auf dem Schätzwert des Rei-
bungsverlusts, dem Schätzwert des Trägheits-

verlusts und dem Schätzwert des Gerätever-
lusts.

6. Steuervorrichtung nach Anspruch 1, wobei
die elektronische Steuervorrichtung konfiguriert ist
für das

i) Berechnen eines Zieldrehzahlverhältnisses
des kontinuierlich variablen Getriebemechanis-
mus basierend auf der Winkelbeschleunigung
des Eingabe-Rotationselements durch das Ver-
wenden einer vorbestimmten Korrelation zwi-
schen (a) der Winkelbeschleunigung des Ein-
gabe-Rotationselements und (b) einem Dreh-
zahlverhältnis des kontinuierlich variablen Ge-
triebemechanismus, um eine Summe eines Rei-
bungsverlusts des kontinuierlich variablen Ge-
triebemechanismus und eines Trägheitsver-
lusts des kontinuierlich variablen Getriebeme-
chanismus zu minimieren, wobei die
vorbestimmte Korrelation bestimmt ist, so dass
ein Drehzahlverhältnis, wenn die Winkelbe-
schleunigung des Eingabe-Rotationselements
klein ist, höher ist als das Drehzahlverhältnis,
wenn die Winkelbeschleunigung des Eingabe-
Rotationselements groß ist, und
ii) wenn die Leistung an das Antriebsrad durch
den zweiten Leistungsübertragungsweg über-
tragen wird, Steuern des kontinuierlich variablen
Getriebemechanismus im Zieldrehzahlverhält-
nis.

7. Steuervorrichtung für ein Fahrzeug, wobei das Fahr-
zeug umfasst
einen kontinuierlich variablen Getriebemechanis-
mus (24),
einen Getriebemechanismus (28) mit mindestens ei-
ner Getriebestufe, wobei der kontinuierlich variable
Getriebemechanismus und der Getriebemechanis-
mus parallel zueinander zwischen einem Eingabe-
Rotationselement (22) und einem Ausgabe-Rotati-
onselement (30) angeordnet sind, wobei die Leis-
tung einer Antriebskraftquelle an das Eingabe-Ro-
tationselement übertragen wird, wobei das Ausga-
be-Rotationselement konfiguriert ist, die Leistung an
ein Antriebsrad (14) auszugeben, und
einen Kupplungsmechanismus (16), der konfiguriert
ist, einen Leistungsübertragungsweg zwischen ei-
nem ersten Leistungsübertragungsweg und einem
zweiten Leistungsübertragungsweg wahlweise zu
ändern, wobei der Leistungsübertragungsweg kon-
figuriert ist, die Leistung der Antriebskraftquelle an
das Antriebsrad zu übertragen, wobei der erste Leis-
tungsübertragungsweg ein Weg ist, auf dem der kon-
tinuierlich variable Getriebemechanismus zwi-
schengeschaltet ist, wobei der zweite Leistungsü-
bertragungsweg ein Weg ist, auf dem der Getriebe-
mechanismus zwischengeschaltet ist, wobei die
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Steuervorrichtung dadurch gekennzeichnet ist,
dass sie Folgendes umfasst:

eine elektronische Steuervorrichtung (80), die
konfiguriert ist für das

i) Berechnen eines Schätzwerts eines Rei-
bungsverlusts des kontinuierlich variablen
Getriebemechanismus,
ii) Berechnen eines Schätzwerts eines
Trägheitsverlusts des kontinuierlich variab-
len Getriebemechanismus,
iii) Berechnen eines Zieldrehzahlverhältnis-
ses des kontinuierlich variablen Getriebe-
mechanismus basierend auf dem Schätz-
wert des Reibungsverlusts und dem
Schätzwert des Trägheitsverlusts, und
iv) wenn die Leistung an das Antriebsrad
durch den zweiten Leistungsübertragungs-
weg übertragen wird, Steuern des kontinu-
ierlich variablen Getriebemechanismus im
Zieldrehzahlverhältnis.

8. Steuervorrichtung nach Anspruch 7, wobei
das Zieldrehzahlverhältnis ein Drehzahlverhältnis
des kontinuierlich variablen Getriebemechanismus
ist, um eine Höhe des Schätzwerts des Reibungs-
verlusts und des Schätzwerts des Trägheitsverlusts
zu minimieren.

9. Steuervorrichtung nach Anspruch 7 oder 8, wobei
die elektronische Steuervorrichtung konfiguriert ist,
wenn die Leistung an das Antriebsrad durch den
zweiten Leistungsübertragungsweg übertragen
wird, den kontinuierlich variablen Getriebemecha-
nismus im Zieldrehzahlverhältnis zu steuern, bis die
elektronische Steuervorrichtung bestimmt, den Leis-
tungsübertragungsweg zu dem ersten Leistungsü-
bertragungsweg zu wechseln.

10. Steuervorrichtung nach einem der Ansprüche 7 bis
9, wobei die elektronische Steuervorrichtung konfi-
guriert ist für das

i) Berechnen eines Schätzwerts eines Geräte-
verlusts eines Schubkraftversorgungsgeräts,
das konfiguriert ist, ein Rotationselement des
kontinuierlich variablen Getriebemechanismus
mit Schubkraft zu versorgen, und
ii) Berechnen eines Zieldrehzahlverhältnisses
des kontinuierlich variablen Getriebemechanis-
mus basierend auf dem Schätzwert des Rei-
bungsverlusts, dem Schätzwert des Trägheits-
verlusts und dem Schätzwert des Gerätever-
lusts.

Revendications

1. Appareil de commande pour un véhicule, le véhicule
comprenant :

un mécanisme de transmission variable en con-
tinu (24),
un mécanisme de transmission (28) présentant
au moins un étage d’engrenage, le mécanisme
de transmission variable en continu et le méca-
nisme de transmission étant disposés parallè-
lement l’un à l’autre entre un élément rotatif d’en-
trée (22) et un élément rotatif de sortie (30), la
puissance d’une force d’entraînement étant
transmise à l’élément rotatif d’entrée, l’élément
rotatif de sortie étant conçu pour générer de la
puissance vers une roue motrice (14), et
un mécanisme d’embrayage (16) conçu pour
modifier de manière sélective un trajet de trans-
mission de puissance entre un premier trajet de
transmission de puissance et un deuxième trajet
de transmission de puissance, le trajet de trans-
mission de puissance étant conçu pour trans-
mettre la puissance de la source de force d’en-
traînement à la roue motrice, le premier trajet
de transmission de puissance étant un trajet
dans lequel le mécanisme de transmission va-
riable en continu est intercalé, le deuxième trajet
de transmission de puissance étant un trajet
dans lequel le mécanisme de transmission est
intercalé, l’appareil de commande étant carac-
térisé en ce qu’il comprend :

une unité de commande électronique (80)
conçue pour, lorsque la puissance est
transmise à la roue motrice par le biais du
deuxième trajet de transmission de puis-
sance, commander le mécanisme de trans-
mission variable en continu de manière
qu’un rapport de vitesse, lorsqu’une accé-
lération angulaire de l’élément rotatif d’en-
trée est petite, est supérieur au rapport de
vitesse lorsque l’accélération angulaire de
l’élément rotatif d’entrée est grande.

2. Appareil de commande selon la revendication 1,
dans lequel
l’unité de commande électronique est conçue pour

i) calculer une valeur estimée d’une perte de fric-
tion du mécanisme de transmission variable en
continu,
ii) calculer une valeur estimée d’une perte iner-
tielle du mécanisme de transmission variable en
continu,
iii) calculer un rapport de vitesse cible du méca-
nisme de transmission variable en continu en
fonction de la valeur estimée de la perte de fric-
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tion et de la valeur estimée de la perte inertielle,
et
iv) lorsque la puissance est transmise à la roue
motrice par le biais du deuxième trajet de trans-
mission de puissance, commander le mécanis-
me de transmission variable en continu au rap-
port de vitesse cible.

3. Appareil de commande selon la revendication 2,
dans lequel
le rapport de vitesse cible est un rapport de vitesse
du mécanisme de transmission variable en continu
destiné à minimiser une somme de la valeur estimée
de la perte de friction et de la valeur estimée de la
perte inertielle.

4. Appareil de commande selon la revendication 2 ou
3, dans lequel
l’unité de commande électronique est conçue pour,
lorsque la puissance est transmise à la roue motrice
par le biais du deuxième trajet de transmission de
puissance, commander le mécanisme de transmis-
sion variable en continu au rapport de vitesse cible
jusqu’à ce que l’unité de commande électronique dé-
termine s’il est nécessaire de changer le trajet de
transmission de puissance en premier trajet de
transmission de puissance.

5. Appareil de commande selon l’une quelconque des
revendications 2 à 4, dans lequel
l’unité de commande électronique est conçue pour

i) calculer une valeur estimée d’une perte de dis-
positif d’un dispositif de fourniture de poussée
conçu pour fournir la poussée à un élément ro-
tatif du mécanisme de transmission variable en
continu, et
ii) calculer un rapport de vitesse cible du méca-
nisme de transmission variable en continu en
fonction de la valeur estimée de la perte de fric-
tion, de la valeur estimée de la perte inertielle
et de la valeur estimée de la perte de dispositif.

6. Appareil de commande selon la revendication 1,
dans lequel
l’unité de commande électronique est conçue pour

i) calculer un rapport de vitesse cible du méca-
nisme de transmission variable en continu en
fonction de l’accélération angulaire de l’élément
rotatif d’entrée à l’aide d’une corrélation prédé-
terminée entre (a) l’accélération angulaire de
l’élément rotatif d’entrée et (b) un rapport de vi-
tesse du mécanisme de transmission variable
en continu en vue de minimiser une somme
d’une perte de friction du mécanisme de trans-
mission variable en continu et d’une perte iner-
tielle du mécanisme de transmission variable en

continu, la corrélation prédéterminée étant dé-
terminée de manière qu’un rapport de vitesse,
lorsque l’accélération angulaire de l’élément ro-
tatif d’entrée est petite, est supérieur au rapport
de vitesse lorsque l’accélération angulaire de
l’élément rotatif d’entrée est grande, et
ii) lorsque la puissance est transmise à la roue
motrice par le biais du deuxième trajet de trans-
mission de puissance, commander le mécanis-
me de transmission variable en continu au rap-
port de vitesse cible.

7. Appareil de commande pour un véhicule, le véhicule
comprenant
un mécanisme de transmission variable en continu
(24),
un mécanisme de transmission (28) présentant au
moins un étage d’engrenage, le mécanisme de
transmission variable en continu et le mécanisme de
transmission étant disposés parallèlement l’un à
l’autre entre un élément rotatif d’entrée (22) et un
élément rotatif de sortie (30), une puissance d’une
source de force d’entraînement étant transmise à
l’élément rotatif d’entrée, l’élément rotatif de sortie
étant conçu pour générer de la puissance vers une
roue motrice (14), et
un mécanisme d’embrayage (16) conçu pour modi-
fier de manière sélective un trajet de transmission
de puissance entre un premier trajet de transmission
de puissance et un deuxième trajet de transmission
de puissance, le trajet de transmission de puissance
étant conçu pour transmettre la puissance de la sour-
ce de force d’entraînement à la roue motrice, le pre-
mier trajet de transmission de puissance étant un
trajet dans lequel le mécanisme de transmission va-
riable en continu est intercalé, le deuxième trajet de
transmission de puissance étant un trajet dans le-
quel le mécanisme de transmission est intercalé,
l’appareil de commande étant caractérisé en ce
qu’il comprend :

une unité de commande électronique (80) con-
çue pour

i) calculer une valeur estimée d’une perte
de friction du mécanisme de transmission
variable en continu,
ii) calculer une valeur estimée d’une perte
inertielle du mécanisme de transmission va-
riable en continu,
iii) calculer un rapport de vitesse cible du
mécanisme de transmission variable en
continu en fonction de la valeur estimée de
la perte de friction et la valeur estimée de
la perte inertielle, et
iv) lorsque la puissance est transmise à la
roue motrice par le biais du deuxième trajet
de transmission de puissance, commander
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le mécanisme de transmission variable en
continu au rapport de vitesse cible.

8. Appareil de commande selon la revendication 7,
dans lequel
le rapport de vitesse cible est un rapport de vitesse
du mécanisme de transmission variable en continu
destiné à minimiser une somme de la valeur estimée
de la perte de friction et de la valeur estimée de la
perte inertielle.

9. Appareil de commande selon la revendication 7 ou
8, dans lequel
l’unité de commande électronique est conçue pour,
lorsque la puissance est transmise à la roue motrice
par le biais du deuxième trajet de transmission de
puissance, commander le mécanisme de transmis-
sion variable en continu au rapport de vitesse cible,
jusqu’à ce que l’unité de commande électronique dé-
termine s’il est nécessaire de changer le trajet de
transmission de puissance en premier trajet de
transmission de puissance.

10. Appareil de commande selon l’une quelconque des
revendications 7 à 9, dans lequel
l’unité de commande électronique est conçue pour

i) calculer une valeur estimée d’une perte de dis-
positif d’un dispositif de fourniture de poussée
pour fournir une poussée à un élément rotatif du
mécanisme de transmission variable en continu,
et
ii) calculer un rapport de vitesse cible du méca-
nisme de transmission variable en continu en
fonction de la valeur estimée de la perte de fric-
tion, de la valeur estimée de la perte inertielle
et de la valeur estimée de la perte de dispositif.
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