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1. 

CONTROL APPARATUS AND CONTROL 
METHOD FOR AUTOMATIC 

TRANSMISSION 

TECHNICAL FIELD 

This invention relates to a control apparatus for an auto 
matic transmission comprising a continuously variable 
transmission mechanism and a stepped transmission mecha 
nism. 

BACKGROUND ART 

A conventional transmission comprises a continuously 
variable transmission mechanism (a variator), and a stepped 
auxiliary transmission mechanism that is Switched between 
a plurality of forward gear positions selectively. With this 
type of transmission, in comparison with a continuously 
variable transmission constituted by only a variator, a shift 
region can be expanded by the auxiliary transmission 
mechanism, enabling improvements in engine efficiency and 
fuel efficiency. 

JP2012-57710A discloses a conventional transmission of 
this type having a so-called manual shift mode, in which 
control is performed to allow a driver to select a speed ratio 
by performing a shift operation. JP2012-57710A discloses a 
continuously variable transmission having a manual shift 
mode in which a through speed ratio constituting a speed 
ratio of the entire transmission is caused to reach a target 
speed ratio by modifying only a speed ratio of a variator, 
whereupon an auxiliary transmission mechanism is shifted 
while varying the speed ratio of the variator in response to 
variation in a speed ratio of the auxiliary transmission 
mechanism so that the through speed ratio does not vary. 

Further, as described in JP2000-120860A, when a mul 
tiple shift from a first gear position to a second gear position 
and from the second gear position to the first gear position 
is performed repeatedly in a stepped automatic transmission, 
a thermal load exerted on a frictional engagement element 
may increase, leading to a reduction in durability. To prevent 
this problem, JP2000-120860A discloses a control apparatus 
for an automatic transmission, the control apparatus com 
prising multiple shift detecting unit for detecting a multiple 
shift, and multiple shift prohibiting unit for prohibiting the 
multiple shift when an integrated value reaches a set value 
while the multiple shift is underway. 

SUMMARY OF INVENTION 

In a continuously variable transmission comprising a 
variator and an auxiliary transmission mechanism, Such as 
that described in JP2012-57710A, control is implemented to 
reduce shift shock generated when a shift is performed in the 
auxiliary transmission mechanism by ensuring that shifts are 
performed mainly by the variator and opportunities for 
performing a shift in the auxiliary transmission mechanism 
are reduced. By implementing this control, the durability of 
the frictional engagement elements used in the auxiliary 
transmission mechanism with respect to a thermal load 
exerted thereon can be improved, and reductions in cost, 
size, and weight can be achieved. 
On the other hand, when the manual shift mode is set such 

that the driver can select the speed ratio at will, instructions 
to perform a shift using the auxiliary transmission mecha 
nism may be issued frequently in accordance with opera 
tions performed by the driver. When shifts are performed in 
this manner, the thermal load exerted on the frictional 
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2 
engagement elements may increase, leading to a reduction in 
the durability of the frictional engagement elements. 
To prevent a reduction in the durability of the frictional 

engagement elements, control may be performed to prohibit 
shifts when the integrated value reaches the set value, as 
described in JP2000-120860A. In this case, however, a 
situation in which a shift is not executed in response to an 
instruction from the driver may arise, leading to a reduction 
in drivability. Moreover, it may be difficult to achieve an 
improvement in a power performance of a vehicle during 
acceleration and the like. 

In another method of improving the durability of the 
frictional engagement elements, a thermal capacity of the 
frictional engagement elements may be increased by 
increasing an amount of friction material or the like. In this 
case, however, the transmission increases in weight and size, 
leading to new problems such as difficulty in installing the 
transmission in the vehicle and a reduction in fuel efficiency. 

This invention has been designed in consideration of the 
problems described above, and an object thereof is to 
provide a control apparatus for an automatic transmission, 
the automatic transmission comprising a continuously vari 
able transmission mechanism and a stepped transmission 
mechanism, with which drivability can be secured without 
reductions in fuel efficiency and ease of installation in a 
vehicle, even in a manual shift mode. 

According to one aspect of the present invention, an 
automatic transmission, comprising an automatic transmis 
sion constituted by a continuously variable transmission 
mechanism having a continuously modifiable speed ratio 
and a stepped transmission mechanism that is connected in 
series to the continuously variable transmission mechanism 
and that can be switched between a plurality of gear posi 
tions by engaging and disengaging a plurality of frictional 
engagement elements, and a control unit that controls the 
automatic transmission to a target speed ratio by modifying 
the speed ratio of the continuously variable transmission 
mechanism and the gear position of the stepped transmission 
mechanism. The control unit comprises a determining unit 
for determining whether or not a predetermined elapsed time 
condition is established after a shift has been performed to 
a specific gear position reached by engaging a specific 
frictional engagement element of the stepped transmission 
mechanism, and a restricting unit for prohibiting the stepped 
transmission mechanism from performing a shift back to the 
specific gear position while allowing the continuously vari 
able transmission mechanism to perform shifts so that the 
automatic transmission is controlled to the target speed ratio 
until the determining unit determines that the predetermined 
elapsed time condition is established. 

According to another aspect of the present invention, a 
control method employed in a control apparatus for an 
automatic transmission, the control apparatus for an auto 
matic transmission comprising an automatic transmission 
constituted by a continuously variable transmission mecha 
nism having a continuously modifiable speed ratio and a 
stepped transmission mechanism that is connected in series 
to the continuously variable transmission mechanism and 
that can be switched between a plurality of gear positions by 
engaging and disengaging a plurality of frictional engage 
ment elements, and a control unit that controls the automatic 
transmission to a target speed ratio by modifying the speed 
ratio of the continuously variable transmission mechanism 
and the gear position of the stepped transmission mecha 
nism. The control method comprises determining whether or 
not a predetermined elapsed time condition is established 
after a shift has been performed to a specific gear position 
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reached by engaging a specific frictional engagement ele 
ment of the stepped transmission mechanism, and prohibit 
ing the stepped transmission mechanism from performing a 
shift back to the specific gear position while allowing the 
continuously variable transmission mechanism to perform 
shifts so that the automatic transmission is controlled to the 
target speed ratio until the determining unit determines that 
the predetermined elapsed time condition is established. 

According to the aspect described above, after a shift is 
performed to the specific gear position reached by engaging 
the specific frictional engagement element, a shift back to 
the specific gear position is prohibited until the predeter 
mined elapsed time condition is established such that shifts 
are allowed to be performed only by the continuously 
variable transmission mechanism. According to this con 
figuration, a shift can be performed to the target speed ratio 
using the continuously variable transmission mechanism 
while prohibiting the stepped transmission mechanism from 
performing a shift that causes the thermal load exerted on the 
frictional engagement element to increase. Accordingly, a 
reduction in drivability can be prevented without the need to 
increase the capacity of the frictional engagement elements, 
and as a result, reductions in fuel efficiency and ease of 
installation in a vehicle do not occur. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic view showing a configuration of a 
vehicle in which a continuously variable transmission 
according to an embodiment is installed. 

FIG. 2 is an illustrative view showing an example of a 
manual shift mode shift map according to this embodiment 
of this invention. 

FIG. 3A is a flowchart showing shift control executed in 
a manual shift mode according to this embodiment of this 
invention. 

FIG. 3B is a flowchart showing the shift control executed 
in the manual shift mode according to this embodiment of 
this invention. 

FIG. 4 is a time chart of a jump shift, serving as a 
reference diagram for this embodiment of this invention. 

DESCRIPTION OF EMBODIMENTS 

An embodiment of this invention will be described below 
with reference to the attached figures. 

FIG. 1 is a schematic view showing a configuration of a 
vehicle in which a continuously variable transmission 
according to this embodiment is installed. 
The vehicle comprises an engine 1 as a power Supply. 

Output rotation from the engine 1 is transmitted to a drive 
wheel via a torque converter 2 having a lock-up clutch, an 
automatic transmission (referred to simply as a “transmis 
sion 4” hereafter), and a final reduction gear 6. 
The vehicle is provided with an oil pump 10 that is driven 

using a part of the power from the engine 1, a hydraulic 
control circuit 11 that regulates oil pressure from the oil 
pump 10 and Supplies the regulated oil pressure to respective 
sites of the transmission 4, and a transmission controller 12 
that controls the hydraulic control circuit 11. 

The transmission 4 comprises a continuously variable 
transmission mechanism (referred to hereafter as a “variator 
20), and a stepped transmission mechanism (referred to 
hereafter as an “auxiliary transmission mechanism 30') 
provided in series with the variator 20. 
The variator 20 is a belt type continuously variable 

transmission mechanism comprising a primary pulley 21, a 
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4 
secondary pulley 22, and a V belt 23 wrapped around the 
pulleys 21, 22. The pulleys 21, 22 each comprise a fixed 
conical plate, a movable conical plate disposed such that a 
sheave surface thereof opposes the fixed conical plate, 
whereby a V groove is formed between the movable conical 
plate and the fixed conical plate, and a hydraulic cylinder 
23a, 23b provided on a back surface of the movable conical 
plate in order to displace the movable conical plate in an 
axial direction. When oil pressure supplied to the hydraulic 
cylinders 23a, 23b is adjusted, a width of the V groove 
varies, leading to variation in a contact radius between the 
V belt 23 and the respective pulleys 21, 22, and as a result, 
a speed ratio VRatio of the variator 20 varies continuously. 
The auxiliary transmission mechanism 30 is a two-for 

ward speed, single-reverse speed transmission mechanism. 
The auxiliary transmission mechanism 30 comprises a plan 
etary gear mechanism, and a plurality of frictional engage 
ment elements 31 (a Low brake, a High clutch, and a Rev 
brake, for example) that modify a link condition of the 
planetary gear mechanism. 
A gear position of the auxiliary transmission mechanism 

30 is modified by adjusting oil pressure supplied to the 
frictional engagement elements 31 in order to modify 
engagement/disengagement conditions of the frictional 
engagement elements 31. For example, when the Low brake 
is engaged and the High clutch and Rev brake are disen 
gaged, the gear position of the auxiliary transmission 
mechanism 30 is set at a first speed. When the High clutch 
is engaged and the Low brake and Rev brake are disengaged, 
the gear position of the auxiliary transmission mechanism 30 
is set at a second speed having a smaller speed ratio than the 
first speed. When the Rev brake is engaged and the Low 
brake and High clutch are disengaged, the gear position of 
the auxiliary transmission mechanism 30 is set in reverse. 
An output signal from an accelerator opening sensor 41 

that detects an opening of an accelerator pedal (referred to 
hereafter as an “accelerator opening APO'), an output signal 
from a rotation speed sensor 42 that detects an input rotation 
speed of the transmission 4 (a rotation speed of the primary 
pulley 21, referred to hereafter as a “primary rotation speed 
Npri’), an output signal from a vehicle speed sensor 43 that 
detects a travel speed of the vehicle (referred to hereafter as 
a “vehicle speed VSP), an output signal from an oil 
temperature sensor 44 that detects an oil temperature of the 
transmission 4, an output signal from an inhibitor Switch 46 
that detects a position of a select lever 45, an output signal 
from a brake switch 47 that detects depression of a brake 
pedal, and so on are input into the transmission controller 12. 
Further, an output signal from a paddle switch 50 that detects 
an operating condition of a paddle lever 51 provided on a 
steering wheel 52 is input into the transmission controller 
12. 
On the basis of the input signals, the transmission con 

troller 12 determines a target speed ratio, refers to a pre 
recorded shift map or the like in order to generate a shift 
control signal with which to control the speed ratio of the 
variator 20 and the gear position of the auxiliary transmis 
sion mechanism 30 so that a through speed ratio Ratio 
serving as a speed ratio of the entire transmission 4 follows 
the target speed ratio, and outputs the generated shift control 
signal to the hydraulic control circuit 11. 
The hydraulic control circuit 11 adjusts the oil pressure 

generated by the oil pump 10 to a required oil pressure on 
the basis of the shift control signal from the transmission 
controller 12, and Supplies the adjusted oil pressure to the 
respective sites of the transmission 4. As a result, the speed 
ratio of the variator 20 and the gear position of the auxiliary 
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transmission mechanism 30 are modified, whereby a shift is 
performed in the transmission 4. 

Hence, the transmission controller 12 comprises an auto 
matic shift mode in which the speed ratio of the transmission 
4 is determined autonomously in accordance with a condi 
tion of the vehicle. 

Note that description of operations of the transmission 
controller 12 and the hydraulic control circuit 11, and in 
particular description of a coordinated shift in which the 
variator 20 and the auxiliary transmission mechanism 30 are 
subjected to simultaneous shift control, are to be found in 
JP2012-57710A, filed previously by the present applicant 
and already published. 
The transmission 4 according to this embodiment com 

prises a mode (a manual shift mode) in which the transmis 
sion 4 can be fixed at a predetermined speed ratio in 
accordance with the will of a driver. 
The transmission controller 12 is provided in advance 

with a shift map (a manual shift mode shift map) comprising 
a plurality of shift lines on which the speed ratio is fixed at 
predetermined speed ratios. When a shift instruction is 
issued by the driver in the manual shift mode, control is 
performed to fix the speed ratio at the instructed shift line. 

FIG. 2 is an illustrative view showing an example of the 
manual shift mode shift map according to this embodiment. 
When the driver wishes to move to the manual shift mode, 

the driver issues an instruction to move to the manual shift 
mode by operating the select lever 45 or the paddle lever 51 
provided on the steering wheel 52. Upon reception of the 
instruction, the transmission controller 12 modifies the shift 
map to the manual shift modeshift map shown in FIG. 2. As 
a result, the manual shift mode is activated. 
The manual shift mode shift map shown in FIG. 2 is set 

to comprise shift lines corresponding to a total of seven 
speeds, namely an M1 speed line set Such that the speed ratio 
of the auxiliary transmission mechanism 30 substantially 
follows a Lowest line of a low speed mode serving as the 
first speed, an M7 speed line set such that the speed ratio of 
the auxiliary transmission mechanism 30 substantially fol 
lows a Highest line of a high speed mode serving as the 
second speed, and M2 to M6 speed lines set between the M1 
speed line and the M7 speed line. 
On the manual shift mode shift map, when the auxiliary 

transmission mechanism 30 is in the first speed (the low 
speed mode), speeds from the M1 speed to the M5 speed can 
be reached by shifting the variator 20. When the auxiliary 
transmission mechanism 30 is in the second speed (the high 
speed mode), speeds from the M3 speed to the M7 speed can 
be reached by shifting the variator 20. 

To improve a driving performance of the vehicle and 
prevent shift shock from occurring when a shift is performed 
in the auxiliary transmission mechanism 30, the manual shift 
mode shift map is set to comprise a 1-2 UP line and a 2-1 
DOWN line as shift lines of the auxiliary transmission 
mechanism 30. 
When an instruction is issued to shift to a downshift side 

across the 2-1 DOWN line (an arrow (1) in FIG. 2, for 
example) while the auxiliary transmission mechanism 30 is 
in the second speed, the transmission controller 12 down 
shifts the auxiliary transmission mechanism 30 from the 
second speed to the first speed on the basis of the 2-1 DOWN 
line. 
When an instruction is issued to shift to an upshift side 

across the 1-2 UP line (an arrow (2) in FIG. 2, for example) 
while the auxiliary transmission mechanism 30 is in the first 
speed, the transmission controller 12 upshifts the auxiliary 
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6 
transmission mechanism 30 from the first speed to the 
second speed on the basis of the 1-2 UP line. 

In the manual shift mode, therefore, cases in which shifts 
can be performed between the respective shift lines using 
only the variator 20 and cases in which a shift is also 
performed in the auxiliary transmission mechanism 30 both 
exist. 

Next, an operation performed by the transmission con 
troller 12 in the manual shift mode will be described. 

In the manual shift mode, the gear position is shifted in 
accordance with the will of the driver. The transmission 
controller 12 shifts the variator 20 and the auxiliary trans 
mission mechanism 30 so as to obtain the instructed manual 
gear position. When, at this time, an instruction is issued to 
shift from a certain gear position to another gear position and 
the instructed shift straddles a shift line of the auxiliary 
transmission mechanism 30, an upshift or a downshift is 
performed in the auxiliary transmission mechanism 30. A 
shift is performed in the auxiliary transmission mechanism 
30 by engaging and disengaging the frictional engagement 
elements 31 (the Low brake or the High clutch). 
When shifts are performed continuously in the auxiliary 

transmission mechanism 30 within a brief time period in 
response to instructions from the driver, the frictional 
engagement elements 31 of the auxiliary transmission 
mechanism 30 are engaged and disengaged for short 
amounts of time. In this case, a period during which the 
frictional engagement elements 31 are in a slip condition 
lengthens, leading to an increase in a thermal load exerted on 
the frictional engagement elements, and as a result, a dura 
bility of the frictional engagement elements may be affected. 
This will be described in detail below. 
The transmission 4 according to this embodiment is a 

continuously variable transmission comprising the variator 
20 and the auxiliary transmission mechanism 30. The trans 
mission controller 12 performs shift control so that shifts are 
performed mainly by the variator 20, and in the automatic 
shift mode opportunities for performing shifts in the auxil 
iary transmission mechanism 30 are minimized in order to 
minimize shift shock generated when a shift is performed in 
the auxiliary transmission mechanism 30. 
By performing control in the automatic shift mode to 

reduce opportunities for performing shifts in the auxiliary 
transmission mechanism 30, the durability of the frictional 
engagement elements 31 used in the auxiliary transmission 
mechanism 30 with respect to the thermal load exerted 
thereon can be reduced, and as a result, reductions in cost, 
size, and weight can be achieved while minimizing a capac 
ity of the frictional engagement elements 31. 
On the other hand, when the manual shift mode is set such 

that the driver can select the speed ratio at will, the driver 
may issue shift instructions in response to which shifts are 
performed continuously in the auxiliary transmission 
mechanism 30. When shifts are performed in this manner, 
the frictional engagement elements 31 continuously enter 
the slip condition Such that friction heat is generated, leading 
to an increase in the thermal load exerted on the frictional 
engagement elements 31, and as a result, the durability of the 
frictional engagement elements 31 may decrease. 
To prevent a reduction in the durability of the frictional 

engagement elements 31, control may be performed to 
prohibit shifts when an integrated value of the thermal load 
on the frictional engagement elements 31 reaches a set 
value. In this case, however, shifts cannot be performed 
thereafter to the desired gear position of the driver, and 
therefore a reduction in drivability occurs, making it difficult 
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to achieve an improvement in a power performance of the 
vehicle during acceleration and the like. 

To improve the durability of the frictional engagement 
elements, a thermal capacity can be increased by increasing 
an amount of friction material or the like. In this case, 
however, the transmission increases in weight and size, 
leading to new problems such as difficulty in installing the 
transmission in the vehicle and a reduction in fuel efficiency. 

Hence, in this embodiment, an increase in the thermal 
load exerted on the frictional engagement elements 31 of the 
auxiliary transmission mechanism 30 is suppressed while 
ensuring that the will of the driver is reflected so that 
drivability is secured by employing a following configura 
tion. 

In this embodiment, when a shift is performed in the 
auxiliary transmission mechanism 30 and the shift is con 
stituted by a first shift to a specific gear position from 
another gear position (a downshift from the second speed to 
the first speed, for example) and a second shift from the 
specific gear position to the other gear position (an upshift 
from the first speed to the second speed, for example), the 
transmission controller 12 measures a time in which the 
frictional engagement element 31 is engaged during the first 
shift and the second shift. 
When an instruction is then issued to perform a third shift 

back to the specific gear position from the other gear 
position (a downshift from the second speed to the first 
speed, for example), the transmission controller 12 deter 
mines whether or not to prohibit execution of the third shift 
in accordance with an elapsed time condition based on the 
measured time. When shifting of the auxiliary transmission 
mechanism 30 is prohibited but a shift to the instructed gear 
position can be achieved by shifting the variator 20 alone, 
the shift is performed by the variator 20. 

FIGS. 3A and 3B are flowcharts showing shift control 
executed by the transmission controller 12 according to this 
embodiment of this invention. 
The flowcharts shown in FIGS. 3A and 3B show control 

executed by the transmission controller 12 at predetermined 
period intervals (intervals of 10 ms, for example) when the 
transmission 4 is shifted in the manual shift mode. 

First, in a step S101, the transmission controller 12 
determines whether or not the transmission 4 is in the 
manual shift mode. The transmission controller 12 deter 
mines that the transmission 4 is in the manual shift mode 
when the driver has issued an instruction to move to the 
manual shift mode by operating the select lever 45 or the 
paddle lever 51 provided on the steering wheel 52. 

After determining that the transmission 4 is not in the 
manual shift mode, the transmission controller 12 terminates 
the current flowchart and returns to other processing. When 
an instruction is issued by the driver to terminate the manual 
shift mode and move to the automatic shift mode while the 
flowchart is underway, the transmission controller 12 tem 
porarily terminates the processing of the flowchart and 
controls the speed ratio of the transmission 4 in the auto 
matic shift mode. 

After determining that the transmission 4 is in the manual 
shift mode, the transmission controller 12 determines 
whether or not a shift instruction has been issued by the 
driver in the manual shift mode (S102). 

After determining that a shift instruction has not been 
issued, the transmission controller 12 controls the transmis 
sion 4 So as to maintain the current speed ratio of the 
transmission 4 (S104), and then temporarily terminates the 
processing of the current flowchart in order to return to other 
processing. 
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When it is determined that a shift instruction has been 

issued, the routine advances to a step S111, in which the 
transmission controller 12 determines whether or not it is 
necessary to shift the auxiliary transmission mechanism 30 
in order to modify the current speed ratio to the instructed 
speed ratio (S111). 
The transmission controller 12 refers to the manual shift 

mode map described above, and determines that the 
instructed shift requires a shift in the auxiliary transmission 
mechanism 30 when the instructed shift straddles the 1-2 UP 
line or the 2-1 DOWN line. 
When it is determined that the instructed shift does not 

require a shift in the auxiliary transmission mechanism 30, 
this means that the instructed speed ratio can be realized by 
shifting the variator 20 alone. In this case, the routine 
advances to a step S103, in which the transmission controller 
12 shifts the speed ratio of the variator 20 to the instructed 
gear position. The transmission controller 12 then tempo 
rarily terminates the processing of the current flowchart, and 
returns to other processing. 
When it is determined that the instructed shift requires a 

shift in the auxiliary transmission mechanism 30, the routine 
advances to a step S112, in which the transmission controller 
12 performs a shift (an upshift or a downshift) in the 
auxiliary transmission mechanism 30 in order to shift to the 
instructed gear position. 

In the step S112, the transmission controller 12 executes 
a coordinated shift by starting to shift the auxiliary trans 
mission mechanism 30 and starting to shift the variator 20 
together. 

During the coordinated shift executed in this manner, the 
transmission controller 12 starts to measure a continuous 
time following a point at which the frictional engagement 
element 31 of the auxiliary transmission mechanism 30 
enters a steady State using a continuous time counter T1 
(S113). 
Time measurement using the continuous time counter T1 

is performed by, for example, resetting the continuous time 
counter T1, obtaining a timer value that is incremented at 
predetermined intervals, and adding the obtained value to 
the continuous time counter T1. 
When the frictional engagement element 31 is in the 

steady state, this means that slippage of the frictional 
engagement element 31 has converged such that the fric 
tional engagement element 31 is in an engaged condition or 
a disengaged condition. For example, when an upshift (a 1-2 
shift) is performed in the auxiliary transmission mechanism 
30, the Low brake is disengaged from the engaged condition 
and the High clutch is engaged from the disengaged condi 
tion. At this time, the disengagement side frictional engage 
ment element 31 is caused to slip while increasing an 
engagement capacity of the engagement side frictional 
engagement element 31 until engagement of the engagement 
side frictional engagement element 31 is complete, where 
upon the disengagement side frictional engagement element 
31 is disengaged. 

During this series of operations, slippage occurs in at least 
one of the frictional engagement elements 31 when a dif 
ference is generated between an input rotation speed and an 
output rotation speed. In this embodiment, a condition in 
which a difference exists in the frictional engagement ele 
ment 31 between the input rotation speed and the output 
rotation speed is referred to as a “slip condition”. In the slip 
condition, differential rotation occurs between friction plates 
of the frictional engagement element 31, and as a result, 
friction heat is generated. 
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The slip condition of the frictional engagement element 
31 subsequently converges such that the engagement side 
frictional engagement element 31 enters the engaged con 
dition (a condition in which the difference between the input 
rotation speed and the output rotation speed disappears) or 
the disengagement side frictional engagement element 31 
enters the disengaged condition in which no torque is 
transmitted thereby. This condition is referred to as a “steady 
state'. 
The transmission controller 12 starts to measure time 

using the continuous time counter T1 in the step S113 after 
detecting that the frictional engagement element 31 has 
entered the steady state from the slip condition following the 
start of the shift in the auxiliary transmission mechanism 30, 
and continues to measure time using the continuous time 
counter T1 until time measurement is terminated, as will be 
described below (S114). 

Next, the transmission controller 12 determines whether 
or not a further shift instruction has been issued by the driver 
in the manual shift mode following the step S102 (S115). 
After determining that a shift instruction has not been issued, 
the transmission controller 12 returns to the step S114 in 
order to continue to measure time using the continuous time 
counter T1. 
When it is determined that a further shift instruction has 

been issued, the routine advances to a step S116, in which 
the transmission controller 12 determines whether or not the 
instructed shift requires a shift in the auxiliary transmission 
mechanism 30. 
When it is determined that the instructed shift does not 

require a shift in the auxiliary transmission mechanism 30, 
this means that the instructed speed ratio can be realized by 
shifting the variator 20 alone. In this case, the routine 
advances to a step S117, in which the transmission controller 
12 performs control to shift the variator 20 to the instructed 
speed ratio. The transmission controller 12 then returns to 
the step S114 in order to continue the processing. 
When it is determined that the instructed shift requires a 

shift in the auxiliary transmission mechanism 30, this means 
that a shift (a second shift) must be performed in the 
auxiliary transmission mechanism 30 in order to achieve the 
instructed speed ratio. In this case, the transmission control 
ler 12 advances to a step S121 in order to start shift 
processing on the auxiliary transmission mechanism 30. 

During the shift processing, the frictional engagement 
element 31 enters the slip condition, as described above. 
Hence, the frictional engagement element 31 in the steady 
state in the step S113 leaves the steady state at the point of 
the step S121. 

In a step S122, therefore, the transmission controller 12 
terminates the time measurement started in the step S113 
using the continuous time counter T1, and records the value 
of the continuous time counter T1 at the time measurement 
termination point. 

Next, the transmission controller 12 starts to measure time 
using a continuous time counter T2 in a step S123 after 
detecting that the frictional engagement element of the 
auxiliary transmission mechanism 30 has entered the steady 
state from the slip condition following the start of the shift 
in the step S121, and continues to measure time using the 
continuous time counter T2 until a time measurement ter 
mination condition is established (S124). 
Time measurement using the continuous time counter T2, 

similarly to time measurement using the continuous time 
counter T1, is performed by, for example, resetting the 
continuous time counter T2, obtaining a timer value that is 
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10 
incremented at predetermined intervals, and adding the 
obtained value to the continuous time counter T2. 

Here, the transmission controller 12 determines whether 
or not a further shift instruction has been issued by the driver 
in the manual shift mode following the step S115 (S125). 
After determining that a shift instruction has not been issued, 
the transmission controller 12 returns to the step S124 in 
order to continue to measure time using the continuous time 
counter T2. 
When it is determined that a further shift instruction has 

been issued, the routine advances to a step S126, in which 
the transmission controller 12 determines whether or not the 
instructed shift requires a shift in the auxiliary transmission 
mechanism 30. 
When it is determined that the instructed shift does not 

require a shift in the auxiliary transmission mechanism 30, 
this means that the instructed speed ratio can be realized by 
shifting the variator 20 alone. In this case, the routine 
advances to a step S127, in which the transmission controller 
12 performs control to shift the variator 20 to the instructed 
speed ratio. The transmission controller 12 then returns to 
the step S124 in order to continue the processing. 
When it is determined that the instructed shift requires a 

shift in the auxiliary transmission mechanism 30, the routine 
advances to a step S131. 

Here, shifting the auxiliary transmission mechanism 30 
means that the frictional engagement elements of the aux 
iliary transmission mechanism 30 enter the slip condition 
again. In the auxiliary transmission mechanism 30 according 
to this embodiment in particular, shifts are performed 
between the first speed and the second speed by engaging 
and disengaging two frictional engagement elements 31 (the 
Low brake and the High clutch) during forward travel. 

Therefore, when the third shift is performed in the aux 
iliary transmission mechanism 30 after performing the first 
shift in the auxiliary transmission mechanism 30 in the step 
S111 and performing the second shift in the auxiliary 
transmission mechanism 30 in the step S116, the same 
frictional engagement element 31 (the Low brake, for 
example) enters the slip condition again between the first 
shift and the third shift. When a sufficient amount of time 
does not elapse between a point at which the frictional 
engagement element 31 (the Low brake, for example) enters 
the slip condition and a point at which the frictional engage 
ment element 31 enters the slip condition again, the thermal 
load on the frictional engagement element 31 may increase, 
and as a result, the durability of the frictional engagement 
element 31 (the Low brake, for example) may deteriorate. 

Hence, when a period in which the frictional engagement 
element 31 is in the steady State, i.e. not in the slip condition, 
between the first shift and the third shift does not satisfy a 
predetermined elapsed time condition, the transmission con 
troller 12 prohibits the third shift. 
When it is determined in the step S126 that the instructed 

shift requires a shift in the auxiliary transmission mechanism 
30, the routine advances to a step S131, where the trans 
mission controller 12 calculates a sum (T1--T2) of a current 
value of the continuous time counter T2, with which time 
measurement was started in the step S123, and the value of 
the continuous time counter T1 recorded in the step S122, 
and determines whether or not the sum (T1--T2) is smaller 
than a predetermined threshold. Time measurement by the 
continuous time counter T2 is not stopped at the point of the 
step S131. 
The continuous time counter T1 and the continuous time 

counter T2 respectively indicate cumulative values of the 
time during which the frictional engagement element 31 is 
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in the steady state (the engaged condition). Hence, the Sum 
(T1--T2) indicates a period in which the frictional engage 
ment element 31 does not generate heat and is cooled by 
lubricating oil. 
When the frictional engagement element 31 enters the slip 

condition, a temperature of the frictional engagement ele 
ment 31 increases due to friction heat. In the steady state, the 
frictional engagement element 31 is cooled by lubricating 
oil. When the first shift, the second shift, and the third shift 
are performed as described above, the frictional engagement 
element 31 enters the slip condition and the steady state 
repeatedly. 
As long as the steady state period is longer than the 

predetermined elapsed time condition at this time, the fric 
tional engagement element 31 is cooled sufficiently so that 
when the frictional engagement element 31 next enters the 
slip condition, the thermal load on the frictional engagement 
element 31 does not increase to such an extent that the 
durability thereof is affected. 
When, on the other hand, the period in which the frictional 

engagement element 31 is in the steady state does not satisfy 
the predetermined elapsed time condition, or in other words 
when the period from the point at which the frictional 
engagement element 31 first enters the slip condition to the 
point at which the frictional engagement element 31 next 
enters the slip condition is short, the frictional engagement 
element 31 is not cooled sufficiently. Therefore, when the 
frictional engagement element 31 next enters the slip con 
dition, friction heat may be generated such that the thermal 
load exerted on the frictional engagement element 31 
exceeds a durability limit determined by design. 
When it is determined in the step S131 that the sum 

(T1--T2) of the continuous time counter T1 and the continu 
ous time counter T2 equals or exceeds the predetermined 
threshold, the transmission controller 12 determines that the 
frictional engagement element 31 has been Sufficiently 
cooled in preparation for next entering the slip condition. 
Accordingly, the routine advances to a step S140, in which 
a shift is performed in the auxiliary transmission mechanism 
30 and a shift is performed simultaneously in the variator 20. 
When, on the other hand, it is determined in the step S131 

that the sum (T1+T2) of the continuous time counter T1 and 
the continuous time counter T2 is smaller than the prede 
termined threshold, the transmission controller 12 deter 
mines that the frictional engagement element 31 has not 
been cooled Sufficiently in preparation for next entering the 
slip condition. In this case, the routine advances to a step 
S132, in which shifting of the auxiliary transmission mecha 
nism 30 is prohibited. 

Next, the routine advances to a step S133, where the 
transmission controller 12 determines whether or not the 
gear position instructed by the driver corresponds to a speed 
ratio that can be reached by shifting the variator 20 alone 
while shifting of the auxiliary transmission mechanism 30 
remains prohibited. 
On the manual shift mode shift map shown in FIG. 2, as 

described above, the 1-2 UP line and the 2-1 DOWN line are 
set in consideration of shock prevention and the driving 
performance. Meanwhile, when the auxiliary transmission 
mechanism 30 is in the first speed or the second speed, gear 
positions can be reached within a range that crosses the 1-2 
UP line and the 2-1 DOWN line by shifting the variator 20. 
When it is determined in the step S133 that the gear 

position instructed by the driver corresponds to a speed ratio 
that can be reached by shifting the variator 20 alone, the 
routine advances to a step S134, in which the transmission 
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12 
controller 12 performs a shift to the instructed gear position 
by shifting the variator 20 alone. 
When, on the other hand, it is determined in the step S133 

that the gear position instructed by the driver corresponds to 
a speed ratio that cannot be reached by shifting the variator 
20 alone, for example when the M2 speed is instructed while 
the auxiliary transmission mechanism 30 is in the second 
speed, the routine advances to a step S135, in which the 
transmission controller 12 maintains the current speed ratio. 
In other words, the current speed ratio is maintained without 
performing a shift to the speed ratio instructed by the driver. 

Following the processing of the step S134 or the step 
S135, the routine advances to a step S136, in which the 
transmission controller 12 determines whether or not the 
sum (T1--T2) of the continuous time counter T1 and the 
current value of the continuous time counter T2 equals or 
exceeds the predetermined threshold. 
When it is determined that the sum (T1--T2) is still 

smaller than the predetermined threshold, the transmission 
controller 12 advances to a step S139 while continuing to 
prohibit shifting of the auxiliary transmission mechanism 
30. In the step S139, the transmission controller 12 deter 
mines whether or not a further shift instruction has been 
issued by the driver. 
When, at this time, a further shift instruction has been 

issued by the driver, the transmission controller 12 advances 
to the step S133 while continuing to prohibit shifting of the 
auxiliary transmission mechanism 30, similarly to a case in 
which the sum (T1--T2) is determined to be smaller than the 
predetermined threshold in the step S131. When, at this 
time, the gear position is reachable by shifting the variator 
20, the routine advances to the step S134, where the variator 
20 is shifted. 
When a shift instruction has not been issued in the step 

S139, the routine advances to the step S135, where the 
current speed ratio is maintained. 
When it is determined in the step S136 that the sum 

(T1--T2) of the continuous time counter T1 and the continu 
ous time counter T2 equals or exceeds the predetermined 
threshold, this means that the frictional engagement element 
31 has been sufficiently cooled, as described above. The 
temperature of the frictional engagement element 31 will 
therefore not increase beyond the limit even when the 
frictional engagement element 31 next enters the slip con 
dition. Accordingly, the transmission controller 12 advances 
to a step S137 in order to terminate time measurement by the 
continuous time counter T2, and then advances to a step 
S138 in order to release the prohibition on shifting of the 
auxiliary transmission mechanism 30. The shift controller 
20 then advances to a step S140, where the auxiliary 
transmission mechanism 30 is shifted if necessary, and the 
variator 20 is shifted. 
More specifically, in the processing of the step S140, 

when it is necessary to shift the auxiliary transmission 
mechanism 30 from a speed ratio that was reached by 
shifting the variator 20 alone, i.e. without shifting the 
auxiliary transmission mechanism 30, in the step S134, the 
variator 20 is shifted together with the auxiliary transmission 
mechanism 30 So that the auxiliary transmission mechanism 
30 is shifted while maintaining the gear position. 
On the manual shift mode shift map of FIG. 2, for 

example, when an instruction to shift the gear position from 
M6 to M3 is issued in the vicinity of a vehicle speed S (an 
arrow (3) in FIG. 2), the instruction straddles the 2-1 DOWN 
line, and therefore the transmission controller 12 downshifts 
the auxiliary transmission mechanism 30 to the first speed. 
If the sum (T1--T2) is determined to be smaller than the 
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threshold in the step S131 at this time, the M3 speed can be 
also reached when the auxiliary transmission mechanism 30 
is in the second speed, and therefore the transmission 4 is 
controlled to a speed ratio corresponding to the M3 speed by 
shifting the variator 20 alone while continuing to prohibit 
shifting of the auxiliary transmission mechanism 30. 
When it is then determined in the step S136 that the sum 

(T1--T2) equals or exceeds the predetermined threshold, the 
transmission controller 12 shifts the auxiliary transmission 
mechanism 30 from the second speed to the first speed while 
maintaining the speed ratio corresponding to the M3 speed, 
and shifts the speed ratio of the variator 20 in an opposite 
direction to the variation in the speed ratio of the auxiliary 
transmission mechanism (i.e. performs a coordinated shift). 
Hence, when the predetermined elapsed time condition is 
established, it is determined that the thermal load on the 
frictional engagement element 31 of the auxiliary transmis 
sion mechanism 30 has been alleviated, and therefore the 
prohibition on shifting of the auxiliary transmission mecha 
nism 30 is released, whereupon control is performed in 
accordance with the manual shift mode shift map. 
The predetermined threshold according to this embodi 

ment is set appropriately in accordance with the capacity of 
the frictional engagement elements 31 of the auxiliary 
transmission mechanism 30 by experiment, simulation, and 
so on, for example, at a value ensuring that the frictional 
engagement element 31 is sufficiently cooled in the period 
extending from the point at which the frictional engagement 
element 31 first enters the slip condition to the point at which 
the frictional engagement element 31 re-enters the slip 
condition from the steady state so that when the frictional 
engagement element 31 next enters the slip condition, the 
temperature thereof does not increase beyond the limit. 

FIG. 4 is a time chart of the shift control performed in the 
manual shift mode according to this embodiment of this 
invention. 
On the time chart shown in FIG. 4, the gear position 

instructed by the driver in the manual shift mode, the 
condition of the auxiliary transmission mechanism 30 (the 
steady state in the second speed, the steady state in the first 
speed, and the slip condition), the speed ratio of the variator 
20, and the speed ratio of the auxiliary transmission mecha 
nism 30 are shown in descending order on respective time 
aXCS. 

On the time chart shown in FIG. 4, first, the gear position 
of the auxiliary transmission mechanism 30 is the second 
speed, and the gear position of the manual shift mode is the 
M4 speed. 

Here, at a timing to 1, the driver issues an instruction to 
shift from the M4 speed to the M3 speed. A shift from the 
M4 speed to the M3 speed crosses the 2-1 DOWN line, and 
therefore the transmission controller 12 performs shift con 
trol to downshift the auxiliary transmission mechanism 30 
from the second speed to the first speed in accordance with 
the manual shift mode shift map (the first shift). 

In the shift control executed during the first shift, a 
specific frictional engagement element 31 among the fric 
tional engagement elements 31 enters the slip condition at 
the timing to 1, and moves out of the slip condition into the 
steady state at a timing to2. As a result, the auxiliary 
transmission mechanism 30 is shifted to the first speed. At 
the timing to2 when the auxiliary transmission mechanism 
30 enters the steady state, the transmission controller 12 
starts to measure time using the continuous time counter T1. 

While the shift is underway in the auxiliary transmission 
mechanism 30, the transmission controller 12 controls the 
speed ratio (the through speed ratio) of the transmission 4 
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14 
from the M4 speed to the M3 speed while controlling the 
speed ratio of the variator 20 So as to Suppress variation in 
the through speed ratio. 

Next, the driver issues an instruction to shift from the M3 
speed to the M6 speed via the M4 speed and the M5 speed 
(timings to3, t04, and t06). An upshift from the M4 speed to 
the M5 speed crosses the 1-2 UP line, and therefore the 
transmission controller 12 executes shift control to upshift 
the auxiliary transmission mechanism 30 from the first speed 
to the second speed in accordance with the manual shift 
mode shift map (the second shift). 

In the shift control executed during the second shift, the 
frictional engagement element 31 is controlled to the slip 
condition at a timing to5. At this time, the transmission 
controller 12 terminates time measurement by the continu 
ous time counter T1, and records the value reached at the 
time measurement termination point. 
At a timing to7, the frictional engagement element 31 

moves out of the slip condition into the steady state, 
whereby the auxiliary transmission mechanism 30 is shifted 
from the first speed to the second speed. At the timing to7 
when the auxiliary transmission mechanism 30 enters a 
steady state, the transmission controller 12 starts to measure 
time using the continuous time counter T2. 

Similarly to the first shift, while the shift is underway in 
the auxiliary transmission mechanism 30, the transmission 
controller 12 controls the speed ratio of the transmission 4 
from the M3 speed to the M6 speed while controlling the 
speed ratio of the variator 20 So as to Suppress variation in 
the through speed ratio. 

Next, the driver issues an instruction to shift from the M7 
speed to the M2 speed via the M6 speed, the M5 speed, the 
M4 speed, and the M3 speed (timings to8, t09, and t10). The 
downshift from the M4 speed to the M3 speed crosses the 
2-1 DOWN line, and therefore the transmission controller 
12 executes shift control to downshift the auxiliary trans 
mission mechanism 30 from the second speed to the first 
speed in accordance with the manual shift mode shift map 
(the third shift). 

In the shift control executed during the third shift, the 
third shift corresponds to the first shift executed at the timing 
t01, as described above. In the third shift, a shift is per 
formed to the same specific gear position as that of the first 
shift by setting the same specific frictional engagement 
element 31 in the slip condition. 

In this case, the transmission controller 12 performs the 
determination of the step S131 in FIG. 3. In other words, the 
transmission controller 12 determines whether or not the 
sum (T1--T2) of the recorded value of the continuous time 
counter T1 and the value measured by the continuous time 
counter T2 at the point where the instruction to shift from the 
M4 speed to the M3 speed (the timing t|0) was issued is 
smaller than the predetermined threshold. 
When the sum (T1+T2) does not reach the predetermined 

threshold, the transmission controller 12 determines that the 
frictional engagement element 31 has not been Sufficiently 
cool in preparation for next entering the slip condition, and 
therefore prohibits shifting of the auxiliary transmission 
mechanism 30 so that the transmission 4 is controlled only 
to speed ratios that can be reached by shifting the variator 20 
alone. In the example shown in FIG. 4, the M3 speed can be 
reached when the auxiliary transmission mechanism 30 is in 
the first speed, and therefore the transmission controller 12 
shifts the transmission 4 to the M3 speed by shifting the 
variator 20 alone. 
On the other hand, a shift from the M3 speed to the M2 

speed cannot be achieved when the auxiliary transmission 
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mechanism 30 is in the second speed. In response to the 
instruction (indicated by a dot-dash line) to shift to the M2 
speed, therefore, the processing of the step S135 is executed 
in order to maintain the current speed ratio, or in other words 
the M3 speed. 
When the sum (T1--T2) is determined to have reached or 

exceeded the predetermined threshold thereafter (a timing 
t11), the transmission controller 12 releases the prohibition 
on shifting of the auxiliary transmission mechanism 30 (the 
step S138), and executes shift control to downshift the 
auxiliary transmission mechanism 30 from the second speed 
to the first speed by executing the processing of the step 
S140. The M2 speed can then be reached by shift control, 
and therefore the transmission controller 12 shifts the aux 
iliary transmission mechanism 30 and the variator 20 
together so as to complete the shift to the M2 speed (a timing 
t12). 

According to this control, the auxiliary transmission 
mechanism 30 is prohibited from performing the third shift 
until the elapsed time condition in which the frictional 
engagement element 31 remains in the steady state is 
satisfied, or in other words until the sum (T1--T2) reaches or 
exceeds the predetermined threshold. As a result, a reduction 
in the durability of the frictional engagement element 31 due 
to an increase in the thermal load on the frictional engage 
ment element 31 can be prevented. At this time, the trans 
mission 4 is shifted to a reachable speed ratio by shifting the 
variator 20, and therefore a reduction in drivability can be 
prevented. 
As described above, this embodiment of this invention 

comprises the automatic transmission 4, the automatic trans 
mission 4 being constituted by the variator 20 serving as a 
continuously variable transmission mechanism having a 
continuously modifiable speed ratio and the auxiliary trans 
mission mechanism 30 Serving as a stepped transmission 
mechanism that is connected in series to the variator 20 and 
that can be switched between a plurality of gear positions by 
engaging and disengaging the plurality of frictional engage 
ment elements 31, and the transmission controller 12 serving 
as a control unit that controls the automatic transmission to 
a target speed ratio by modifying the speed ratio of the 
variator 20 and the gear position of the auxiliary transmis 
sion mechanism 30. 
The transmission controller 12 constitutes determining 

means for determining whether or not the predetermined 
elapsed time condition is established, or in other words 
whether or not the sum (T1--T2) has reached or exceeded the 
predetermined threshold, after a shift (the first shift) has 
been performed to a specific gear position that is reached by 
engaging a specific frictional engagement element 31 of the 
auxiliary transmission mechanism 30. 
The transmission controller 12 constitutes restricting 

means for prohibiting the auxiliary transmission mechanism 
30 from performing a shift (the third shift) back to the 
specific gear position but allowing shifts to be performed by 
the variator 20 alone until the determining means determines 
that the predetermined elapsed time condition is established, 
or in other words for controlling the transmission 4 to the 
target speed ratio while restricting operations of the trans 
mission 4. 
By employing the above configurations in this embodi 

ment of this invention, a situation in which the frictional 
engagement elements 31 of the auxiliary transmission 
mechanism 30 enter the slip condition continuously such 
that the thermal load exerted thereon increases, leading to a 
reduction in the durability of the frictional engagement 
elements 31, can be prevented. Further, speed ratios that can 
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be reached by shifting the variator 20 are realized even when 
shifting of the auxiliary transmission mechanism 30 is 
prohibited, and therefore a reduction in drivability can also 
be prevented without the need to increase the capacity of the 
frictional engagement elements 31. As a result, reductions in 
fuel efficiency and ease of installation in a vehicle do not 
OCCU. 

The transmission controller 12 measures the period during 
which the specific frictional engagement element 31 is in the 
engaged condition (using the continuous time counter T1 
and the continuous time counter T2), and prohibits the 
auxiliary transmission mechanism 30 from performing the 
shift (the third shift) back to the specific gear position when 
the cumulative value of the measured period does not reach 
the predetermined threshold. According to this configura 
tion, a situation in which the frictional engagement elements 
31 of the auxiliary transmission mechanism 30 enter the slip 
condition continuously such that the thermal load exerted 
thereon increases, leading to a reduction in the durability of 
the frictional engagement elements 31, can be prevented. 

In this embodiment in particular, shifting is prohibited in 
accordance with the cumulative value of the period in which 
the frictional engagement element in the engaged condition, 
i.e. without measuring an actual temperature of the frictional 
engagement element 31 and without measuring an actual 
slippage time of the frictional engagement element. Whether 
or not the frictional engagement element 31 is in the engaged 
condition can be detected easily from the input rotation 
speed and the output rotation speed, and therefore there is no 
need to provide a new sensor. As a result, increases in the 
size and cost of the transmission 4 are avoided. 
The transmission controller 12 comprises the automatic 

shift mode in which the target speed ratio is determined 
automatically on the basis of the operating condition, and the 
manual shift mode in which the target speed ratio is deter 
mined in response to an instruction issued by the driver, and 
when the manual shift mode is selected by the driver, the 
transmission controller 12 prohibits the auxiliary transmis 
sion mechanism 30 from performing a shift (the third shift) 
back to the specific gear position while allowing shifts to be 
performed by the variator 20 alone until the predetermined 
elapsed time condition is established, as described above. 

According to this configuration, shift control is performed 
in the automatic shift mode to ensure that shifts are per 
formed mainly by the variator 20, the speed ratio of which 
can be shifted continuously, thereby minimizing opportuni 
ties for shifts using the auxiliary transmission mechanism 
30. With this configuration, the durability of the frictional 
engagement elements 31 used in the auxiliary transmission 
mechanism 30 with respect to the thermal load exerted 
thereon can be reduced. In the manual shift mode, on the 
other hand, control is performed to ensure that the thermal 
load on the frictional engagement elements 31 of the aux 
iliary transmission mechanism 30 does not increase even 
when a desired speed ratio is instructed by the driver, and 
therefore the durability of the frictional engagement ele 
ments 31 with respect to the thermal load exerted thereon 
can be reduced. As a result, reductions in the cost, size, and 
weight of the transmission 4 can be achieved. 
The auxiliary transmission mechanism 30 comprises two 

forward travel speeds, namely the first speed serving as a 
first gear position and the second speed serving as a second 
gear position, the first speed being achieved by engaging a 
first frictional engagement element (the Low brake, for 
example) and the second speed being achieved by engaging 
a second frictional engagement element (the High clutch, for 
example). After a shift (the first shift) is performed to the 
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first speed by engaging the first frictional engagement ele 
ment 31 of the auxiliary transmission mechanism 30, the 
auxiliary transmission mechanism 30 is prohibited from 
performing a shift (the third shift) back to the first speed 
until the predetermined elapsed time condition is determined 
to be established. 
When a shift is performed to the same gear position, the 

same frictional engagement element always enters the slip 
condition, leading to an increase in the thermal load thereon, 
and therefore, by prohibiting the shift until the period in 
which the frictional engagement element is in the steady 
state, i.e. not in the slip condition, reaches or exceeds the 
predetermined threshold, a situation in which the frictional 
engagement elements 31 of the auxiliary transmission 
mechanism 30 enter the slip condition continuously, leading 
to an increase in the thermal load exerted thereon and a 
corresponding reduction in the durability of the frictional 
engagement elements 31, can be prevented. 
An embodiment of the present invention was described 

above, but the above embodiment is merely one example of 
an application of the present invention, and the technical 
Scope of the present invention is not limited to the specific 
configurations of the above embodiment. 

For example, in the above embodiment, a belt type 
continuously variable transmission mechanism is provided 
as the variator 20, but instead, the variator 20 may be a 
continuously variable transmission mechanism in which a 
chain is wrapped around the pulleys 21, 22 instead of the V 
belt 23. Alternatively, the variator 20 may be a toroidal 
continuously variable transmission mechanism in which a 
tiltable power roller is disposed between an input disc and an 
output disc. 

In the above embodiment, the auxiliary transmission 
mechanism 30 is a transmission mechanism having two 
forward gear positions, namely the first speed and the second 
speed. However, the auxiliary transmission mechanism 30 
maybe a transmission mechanism having three or more 
forward gear positions 

This application claims priority to Japanese Patent Appli 
cation No. 2013-62502 filed with the Japan Patent Office on 
Mar. 25, 2013, the entire contents of which are incorporated 
herein by reference. 

The invention claimed is: 
1. A control apparatus for an automatic transmission, 

comprising: 
an automatic transmission comprising a continuously 

variable speed change mechanism having a continu 
ously modifiable speed ratio and a stepped speed 
change mechanism that is connected in series to the 
continuously variable speed change mechanism and 
that can be switched between a plurality of gear posi 
tions by engaging and disengaging a plurality of fric 
tional engagement elements; and 

a control unit adapted to control the automatic transmis 
sion to a target speed ratio by modifying the speed ratio 
of the continuously variable speed change mechanism 
and the gear position of the stepped speed change 
mechanism, 

the stepped speed change mechanism comprising a first 
gear position and a second gear position used for 
forward travel, the first gear position being achieved by 
engaging a first frictional engagement element and the 
second gear position being achieved by engaging a 
second frictional engagement element, 

the control unit comprising: 
a determining unit adapted to determine whether or not 

a predetermined elapsed time condition is estab 
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lished after a shift has been performed to the first 
gear position reached by engaging the first frictional 
engagement element of the stepped speed change 
mechanism; and 

a restricting unit adapted to prohibit the stepped speed 
change mechanism from performing a shift back to 
the first gear position while allowing the continu 
ously variable speed change mechanism to perform 
shifts so that the automatic transmission is controlled 
to the target speed ratio until the determining unit 
determines that the predetermined elapsed time con 
dition is established, 

wherein the restricting unit prohibits a shift to the first 
gear position when a sum of a cumulative value of a 
period in which the first frictional engagement ele 
ment is in an engaged condition or a disengaged 
condition and a cumulative value of a period in 
which the second frictional engagement element is in 
the engaged condition or the disengaged condition 
does not reach a predetermined threshold. 

2. The control apparatus for an automatic transmission 
according to claim 1, wherein the control unit measures a 
period during which the specific frictional engagement ele 
ment is in an engaged condition or a disengaged condition, 
and 

prohibits the stepped speed change mechanism from 
performing the shift back to the specific gear position 
when a cumulative value of the measured period does 
not reach a predetermined threshold. 

3. The control apparatus for an automatic transmission 
according to claim 1, wherein the control unit comprises an 
automatic shift mode in which the target speed ratio is 
determined automatically on the basis of an operating con 
dition, and a manual shift mode in which the target speed 
ratio is determined in response to an instruction issued by a 
driver, and 

the control unit activates the determining unit and the 
restricting unit when the manual shift mode is selected. 

4. A control method employed in a control apparatus for 
an automatic transmission, the control apparatus for an 
automatic transmission comprising: 

an automatic transmission comprising a continuously 
variable speed change mechanism having a continu 
ously modifiable speed ratio and a stepped speed 
change mechanism that is connected in series to the 
continuously variable speed change mechanism and 
that can be switched between a plurality of gear posi 
tions by engaging and disengaging a plurality of fric 
tional engagement elements; and 

a control unit adapted to control the automatic transmis 
sion to a target speed ratio by modifying the speed ratio 
of the continuously variable speed change mechanism 
and the gear position of the stepped speed change 
mechanism, 

the stepped speed change mechanism comprising a first 
gear position and a second gear position used for 
forward travel, the first gear position being achieved by 
engaging a first frictional engagement element and the 
second gear position being achieved by engaging a 
second frictional engagement element, 

the control method comprising: 
determining whether or not a predetermined elapsed 

time condition is established after a shift has been 
performed to the first gear position reached by 
engaging the first frictional engagement element of 
the stepped speed change mechanism; 
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prohibiting the stepped speed change mechanism from 
performing a shift back to the first gear position 
while allowing the continuously variable speed 
change mechanism to perform shifts so that the 
automatic transmission is controlled to the target 
speed ratio until determining that the predetermined 
elapsed time condition is established; and 

prohibiting a shift to the first gear position when a sum 
of a cumulative value of a period in which the first 

20 
the stepped speed change mechanism comprising a first 

gear position and a second gear position used for 
forward travel, the first gear position being achieved by 
engaging a first frictional engagement element and the 
Second gear position being achieved by engaging a 
second frictional engagement element, 

the control unit comprising: 
determining means for determining whether or not a 

predetermined elapsed time condition is established 
frictional engagement element is in an engaged con- 10 after a shift has been performed to the first gear 
dition or a disengaged condition and a cumulative position reached by engaging the first frictional 
value of a period in which the second frictional engagement element of the stepped speed change 
engagement element is in the engaged condition or mechanism; and - - - - - 
the disengaged condition does not reach a predeter- restricting means for prohibiting the stepped speed 
mined threshold 15 change mechanism from performing a shift back to 

5. A control apparatus for an automatic transmission, the first gear position while allowing the continu 
comprising: ously variable speed change mechanism to perform 

an automatic transmission comprising a continuously shifts so that the automatic transmission is controlled 
Variable speed change mechanism having a continu- to the target speed ratio until the determining CaS 
ously modifiable speed ratio and a stepped speed '' determines that the predetermined elapsed time con 
change mechanism that is connected in series to the dition 1S established, - - - 
continuously variable speed change mechanism and wherein the restricting means prohibits a shift to the first 
that can be switched between a plurality of gear posi- gear position when a sum of a cumulative value of a 
tions by engaging and disengaging a plurality of fric- period in which the first frictional engagement element 

25 is in an engaged condition or a disengaged condition tional engagement elements; and 
a control unit adapted to control the automatic transmis 

Sion to a target speed ratio by modifying the speed ratio 
of the continuously variable speed change mechanism 
and the gear position of the stepped speed change 
mechanism, 

and a cumulative value of a period in which the second 
frictional engagement element is in the engaged con 
dition or the disengaged condition does not reach a 
predetermined threshold. 


