wo 2007/029585 A1 |10 0 0000 O O O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
15 March 2007 (15.03.2007)

lﬂb A0 0O

(10) International Publication Number

WO 2007/029585 Al

(51) International Patent Classification:
F16H 61/16 (2006.01)

(21) International Application Number:
PCT/JP2006/317161

(22) International Filing Date: 24 August 2006 (24.08.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2005-259443 7 September 2005 (07.09.2005) JP

(71) Applicant (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/IP]; 1, Toy-
ota-cho, Toyota-shi, Aichi, 4718571 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): NAKAMURA,
Kazuaki [JP/JP]; c/o TOYOTA JIDOSHA KABUSHIKI
KAISHA, 1, Toyota-cho, Toyota-shi, Aichi, 4718571
(JP). WATANABE, Kazuyuki [JP/JP]; c/o TOYOTA

(74)

(81)

(34)

JIDOSHA KABUSHIKI KAISHA, 1, Toyota-cho, Toy-
ota-shi, Aichi, 4718571 (JP).

FUKAMI, Hisao et al.; Fukami Patent Of-
22nd Floor, 2-7,
Osaka-shi, Osaka,

Agents:
fice, Nakanoshima Central Tower,
Nakanoshima 2-chome, Kita-ku,
5300005 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, KE,
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU,
LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

[Continued on next page]

(54) Title: CONTROL APPARATUS AND CONTROL METHOD FOR AUTOMATIC TRANSMISSION

NO

YES
$120
ANO> ANO(T)
0 ?
YES

INHIBIT NORMAL GEAR-SHIFTING
CONTROL BASED ON NO

1

FORGED SHIFTING TO GEAR
EXGEPT FOR FIRST GEAR

$150
ANO> AND(2)
? YES
NO

‘/8160

’ STOP FORCED GEAR SHIFTING |/3170

|_s130

S140

CANCEL [NHIBITION OF NORMAL
GEAR-SHIFTING GONTROL

(57) Abstract: An ECU executes a program including the step (S130) of inhibit-
ing, in a traveling state where a one-way clutch F may engage as in driven state in
first gear (YES in S100, YES in S110), normal gear-shifting control under which
a gear to be implemented is determined based on the output shaft revolution num-
ber NO, in the case where the degree of change ANO by which the output shaft
revolution number NO changes in a predetermined time period is larger than a
threshold value A NO (1) (YES in S120) and thus it is regarded that popping
could occur due to free turning of drive wheels, and the step (S140) of forcing the
gear to be shifted to a gear except for first gear implemented by engagement of
the one-way clutch F.



WO 2007/029585 A1 NI DA 0T 000 00 00

FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,  For two-letter codes and other abbreviations, refer to the "Guid-
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, ance Notes on Codes and Abbreviations" appearing at the begin-
GN, GQ, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gagzette.

Published:

—  with international search report



10

15

20

25

WO 2007/029585 PCT/JP2006/317161

DESCRIPTION
Control Apparatus and Control Method for Automatic Transmission

Technical Field A

The present invention relates to a control apparatus and a control method for an.
automatic transmission. In particular, the invention relates to a control apparatus and a
control method for an automatic transmission implementing a gear by engagement Aof a
restraining member (one-way clutch) that allows rotatlon of an outer race and an inner
race with respect to each other in one difection and restrains rotation thereof in the

opposite direction.

Background Art

For an autornatlc transmission, a one-way clutch has convent1ona11y been used.
J apanese Patent Laymg-Open No. 2 129454 discloses a lubricating apparatus for a one-
way clutch that can force the one—way clutch to be lubricated. The 1ubr1cat1ng
apparatus for the one-way clutch lubricates the one-way clutch of an automatic
transnnss1on 1nc1ud1ng a casing support wall extending 1nwardly from the inner surface :
of a casing, the one-way clutch disposed adjacent to the casirig support wall, and a
cylindrical member that is fitted commonly with the inner surface of an inner race of the»'
one-way clutch and the inner surface of the casing support wall and that rotatably
supports, on its inside, a rotating member. Splines are formed in the outer surface of ‘
the cylindrical member to form a first spline coupling portion with the inner surface of
the casing support wall and form a second spline coupling portion with tne inner surface
of the inner race. In the casing support wall, a lubricating oil supply hole opening to
the first spline coupling portion is formed. In the inner race; an oil hole extending
through the inner race in the radial direction and opening to the first spline coupling

portion is formed. On the outside of the opening of the first spline coupling portion,
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on the outside of the opening of the second spline coupling portion and between the ‘
casing support wall and the side surface of the inner race, seal poﬁions are provided
respectively to form a lubricating oil passége that extends from thé 1ubri¢ating oil supply
hoie through the first and second spline coupling portions and the oil hole to reach a |
slide portion of the one-way clutch. |

In the lubricating apparatus for the one-way clutch as disclosed in the
aforementioned publication, the lubricating oil from the lubricating oil supply hole is
suioplied to the slide portion of the one-way clutch through a first spline between the -
inner surface of the casing support wall and the outer surface of the cylindrical member,
a second spline between the inner surface of the inner race of the one-way clutch and the
outer surface of the C}}lindricél member and the oil hole extending radially through the
inner race. - In ofher words, the lubricating oil supf)ly ‘hole, the first spline, the ‘sec.(')nd '
spliné, and the oilihole form the lubricating oil passage for lubricating the one-way
clutch. Further, here, the lubricating oil passagé ‘isxse;aled by the seal portions and thus
the iubricating oil dloes not leak anywhere from the lubricating oil pasSage. ‘ Thus, tﬁe .
lubricating oil supplied from the Iubricating oil supply hole is forced to be éupplied to
the slide portion of the one-way clutch without depending oh, for example, centrifugal
force. Accorciingly, the one-way clutch can surély be lubricated all the time with a
sufﬁcﬁen’; amount of lubricating oil, and the durability and the reliability of the ohe—way '
clutch can remérkably be improved. |

Some one-way clutches used for the automatic transmission are cbn_ﬁguréd each
to restrain (in engaged state) rotation of the outer race and the inner race with respect to
each other in the case of drive in such a gear as first gear implemented by using the one-
way clutch (in the case of travel by means of drive power of the vehicle) and, otherwise -
(for example, in the case of such travel as coasting without depending on drive power of .
tﬁe vehicle) allow (in disengaged state) the rotation. It is thus conﬁguréd for the -
purpose of keeping stabilify of such gear shifting, i'm:/olving any gear impl‘emented by the

one-way clutch as gear shifting from first gear to second gear or for the purpose of
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suppressing deterioration in drivability by an engine brake in any gear implemented by
the one-way clutch. In the case, for example, where the vehicle is traveling on an
undulating road surface, the vehicle oscillates up and down and accordingly it repeatedly
occurs that wheels separate from and contact the road surface or that the driver is
shaken and the accelerator pedal position changes. In such a case, the one-way clutch
repeatedly allows and restrains rotation of the outer race and the inner race with respect
to each other. Consequeutly, a considerably large shock load is applied to the.one-way
clu’cch to cause popping (namely such components of the one-way clutch as sprags,
locking elements, rollers Vielently oscillate and randomly move) and thus the one-way -

clutch could be damaged. However, the lubricating apparatus for the one-way clutch

* disclosed in Japanese Patent Laymg-Open No. 2-129454 does not suppress damage to

the one-way clutch in such a case as the aforementloned one.

D1sclosure of the Invention -

An object of the present invention is to prov1de a control apparatus and a control

method for an automatic transmission that can suppress damage to a one-way clutch.

Accordlng to an aspect of the present 1nventxon a control apparatus for an.

‘automa’uc transrmsswn controls the automatlc transmission implementing a gear by

engagement of any of a plurality of frictional engagement elements. At least any one of

gears to be implemented is implemented by engagement of a restraining member

. allowing rotation of an outer race and an inner race with respect to each other in one

direction and restraining rotation thereof in the opposite direction, in addition to the '
engagement of the frictional engagement elements. The control apparatus includes: a
sensing unit ‘sensing the number of revolutions of an output shaft of the automatic
transmission; a first control unit controlling, in the case where a degree of change by
which the number of revolutions of the output shaft changes in a predetermined time
period is larger than a predetermined degree of change, the frictional engagement

elements so that a gear is implemented that is different from the gear implemeuted by the
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engagement of the restraining member; a second control unit controlling the frictional
engagement elements so that a gear is implemented based on the number of revolutions
of the output shaft; and an inhibiting unit inhibiting the control by the second control
unit, in the case where the degree of chnnge by which the number of revolutions of the
output shaft changes in the predetermined time p\eriod is larger than the predetermined
degree of change. ‘

According to the present invention, a gear ie implemented by engagement of any
of e plurality of frictional engagement elements (eUCh as clutch and brake). At least
any one of gears to be implemented is implemented by engagement of the restraining
member (such as one-way clutch) in addition of thé engagement of the frictional
engagement elements. " In the case where a degree of change by which the number of
revolutions of the output shaft of such an automatic transmission as described above in a
predetermmed txme period is large, this can be regarded as the case where it is repeated -
that Wheels separate from and contact a road surface or that the dr1ver is shaken to
cause the accelerator pedal position to change and accordmgly the load exerted on the
automatic transmission increases/decreases in short cycles. In this case, it could
repeatedly occur that rotation of the outer race and the inner race with respect to each
other is permitted and restrained. If the permission and restraint of rotation of the |
outer race and the inner race with respect to each other is repeated, popping could occur
to damage the one-way clutch. Therefore, in the case where the degree of change by
which the number of revolutions of the output shaft in a predetermined ttme period is
1arée, the frtctionai engagement elements are controlled so that a gear is implemented ‘
that is different from the gear implemented by the engagement of the restraining mem‘ner. '
Thus, engagement of the restraining member can be snppressed. 'Therefore, occurrence
of popping can be suppressed. ~Further, here, it is inhibited that the frictional '
engagement elements are controlled so that a gear is implemented based on the number
of revolutions of the output shaft. Accordingly, it can be suppressed that the gear

implemented by the engagement of the restraining member is implemented again.
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Accordingly\, occurrence of popping of the one-way clutch can be suppressed. Thus,
the control apparatus for the automatic transmission that can suppfess damage to the
one-way clutch can be provided. »

Preferably, the control apparatué further includes: a stopping unit stopping the
control by the first control unit, in the case where the degree of change by which the
number of revolutions of the output shaft changes in the predetermined time period is at
most a degree of change smaller than the predetermined degree of change under the
cond1t10n that the control by the first control unit is executed while the control by the
second control unit is inhibited; and a canceling unit canceling the inhibition of the
control by the second control unit, in the case where the degree of change by which the
number of revolutions of the eutput shaft changes in th'e'predetermined time period is at
most the degree of change smeller than the predetefnlined degree of change under the
condition tﬁat the eontrol by the first control unit is executed while the control by tﬁe
second control unit 1s inhibited. | |

According to the present invention, when the degree of change by which the |
number of revolutions of the output shaft changes in a predetermined time period
decreases under the condition that the control by the first control unit is executed while
the control by the second control unit is inhibited, the control by the first cohtrol unit -

| may b.e stopped and the inhibition of the control by the‘seconcvl control unit ﬁnay be
cancelled. Here, during travel in the gear implemented by engagement of the
restraining fnember, the degree of change by which the number of revolutions changes in

( the case where wheels separate from the road surface tends to be increased By the fact -
that the restraining member allows a difference in number of revolutions between the |
outer race and the inner race. In contrast, in the case where a difference in number of
revolutions between the outer race and the inner race is suppressed by the frictional
engagement elements, the aforementioned degree of change by which the number of
revolutions changes tendsto decrease. Further, the degree of change by which the

- number of revolutions changes could decrease according to a gear (gear ratio). Thus,
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in the case V\fhere the degree of change by which the number of revolutions of the output
shaft changes in a predetermined time period is equal to or smaller than a degree of
change smaller than a predetermined degree of change because of execution of the
control by the first control unit or inhibition of the control by the second contro] unit,
the control by the first control unit may be stopped and the inhibition of the control by -
the second control unit may be cancelled. Accordingly, the control by the first control’
unit may be stopped and the inhibition of the control by the second control unit may be
cénceﬂed, using a threshold value according to the state of the automatic transmission,
at a timing precisely adjusted to a timing at which it is considered that popping does not
occur. Thus, it can be suppressed that the contrdl‘ by the first control unit is stopped
and the irhibition of the control by the second control unit is cancelled in a tretveling
state in which popping could occur.  Accordingly, occurrence of popping can be
suppressed to supnress damage to the one-way clutch. . o 4
According to another aspect of the present invention, a control apparatus for an‘
automatic transnnsston controls the automatic transnﬁesion implementing a gear by
engagement of any of a plurality of frictional engagement elements. At least any one of
gears to be implemented is implemented by engagement of a restraining member
allowmg rotat1on of an outer race and an inner race with respect to each other in one
direction and restraining rotation thereof in the opposite d1rect10n in addition to the
engagement of the frictional engagement elements. A difference in number of -
revolutions between the outer race and the inner race is suppressed by engagement of at
least any one of a plurality of the frictional engagement elements. The control
apparatus includes: a sensmg unit sensing the number of revolutions of an output shaft -

of the automatlc transmission; a first control unit controlhng, in the case where a degree

- of change by which the number of revolutions of the output shaft changes ina

predetermined time period is larger than a predetermined degree of change, the frictional
engagement elements so that the difference in number of revolutions between the outer

race and the inner race is suppressed; a second control unit controlling the frictional
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engagement elements so that a gear is implemented based on the number of revolutions
of the output shaft; and an inhibiting unit inhibiting the control by the second control
uhit, in the case where the degree of change by which the number of revblutiohs of the
output shaft changes in the predetermined time period is larger than the predetermined
degree of change. \

According to the present inventioh, a gear is implemented by engagement of any
of a plurality of frictional engagement elements (such as clutch and brake).  At'least
any one of gears to be implemented is implemented by engagement of the restraining’
member (such as one-way clutch) in addition of the engagément of the friqti‘onal
engagement elements. By engagement of at least ‘any one of these frictional
engagement elements, a difference in number of revolutions between the outer race and
the inner race is suppressed. In the case where a degree of change by which the
number of fevolutions of the output shaft of such an automatic transmission as described
above in a predetermined time period is large, this can be regarde:d as the case where it -
is _;ei)eated that wheels separate from and contacf a.roe'td surface or that the driver is
shaken to cause the accelerator pedél position to change and accordingly the load
exerted on the automatic transmission increases/decreases in short cycles. In this éése,
it could repeate‘dly occur that rotation of the outer race and the inner race with respeét
to each other is permitted and restrained. If the permission and restraint of rotation of
the outer race and the inner race with respect to each other is repeated, popping could
occur to damage the one-way clutch. Therefore, in the case where the degree of
change by which the number of revolutions of the output shaft in a predetermined time
period is large, the frictional engagement elements are controlled so that a difference in |
number of revolutions between the outer race and thélinner race is suppressed. - Further,
here, it is inhibited that the frictional engagement elements are controlled so that a gear
is implemented based on the number of revolutions of the output shaft. Accordingly, a
priority can be given to engagement of the frictional engagement elements for

suppressing a difference in number of revolutions between the outer race and the inner
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race, over shift to a gear in which the frictional engagement elements éuppressing a
difference in number of revolutions between the outer race and the inner race are
disengaged. Thus, a difference in number of reyolutions between the outer race and
the inner race can be suppressed to suppress occurrence of popping.  Thus, the control
apparatus for the automatic transmission that can suppress damage to one-way clutch
can be provided.

Preferably, the control apiaaratus further includes a third control unit cortrolling,
in the case where the control by the second control unit is inhibited, the frictional
engagement elements so that a gear is implemented based on an average ‘of the number
of revolutions of the output shaft ina predeterﬁﬁne‘d time period.

According to the present invention, in the case where it is inhibited that a gear is
implemented based on the number of revolutions of the output shaft, the gear 1s
impleméntéd based on an average of the number df revolutions of the output shaft ina
predetermined time period, instead of the number of revolutions 6f the output shaft. |
Accordingly, while i't is suppressed that gear shifting, which is unnecessary, of the
automatic transmission is done due to a sudden change in number of revolutions of the
output shaft, gear shifting can be done in the case where the vehicle speed actually
changes to cause the number of revolutions of the output shaft to change and thus the '

gear shifting is necessary. Thus, travel in a gear appropriate for a traveling state of the

vehicle can be accompliéhed.

Still preferably, the control apparatus further includes: a stopping unit stopping
the control by the first control unit, in the éase where the degree of change by which the
number of revolutions of fhe output shaft changes in the predetermined time period is é,tl
most a degree of change smaller than the predeterminéd degree of change uhdgr the
condition that the control by the first control unit is executed while the control by the
second control unit is inhibited; and a canceling unit canceling the inhibition of the
control by the second control unit, in the case where the degree of change by which the

number of revolutions of the output shaft changes in the predetermined time period is at
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most the degree of change smaller than the predetermined degree of change under the
condition that the control by the first control unit is executed while’ the control by the
second control unit is inhibited. |

“According to the present invention, when the degree of change by which the
number of revolutions of the output shaft changeé in a predetermined time period
decreases under the condition that the coﬁtrol by the first control unit is executed while
the control by the second control unit is inhibited, thé control by the first control unit
méy be stopped and the inhibition of the control by the second control unit may be
cancelled. “Here, during travel in the gear implémented by engagement of the |
restraining member, the degree of change by which'the number of revolutions changes in
the case where wheels \separa"ce from the road surface tends to be increased by the fact
that the res‘training' member allows a difference in number of revolutions between the
outer race and the inner race. In contrast, in the case where a diﬁ‘erence in numbér of
revolutions betweeq the outer race and.the inner race is suppresséd by the frictional

engagement elements, the aforementioned degree of change by which the nu‘mber_ of

* revolutions changes tends to decrease. Further, the degree of change by which the

number of revolutions change could decrease according to a gear (gear ratio). Thus, in

the casé where the degree of change by which the number of revolutions of the output

shaft changes in a predetermined time period is equal to or smaller than a degreé of
change smaller than a predetermined degree of change because of execution of the
control by the first control unit or inhibitioh of the control by the second control unit,
the \control by the first control unit may be stopped and the inhibition of thehcontrol by ‘
the second control unit may be cancelled. Accordingly, the control by the first contrél
unit may be rstopped and the inhibition of the control by the second control ﬁnit may be
cancelled, using a threshold value according to the state of the automatic transmission, -
at a timing precisely adjusted to a timing at which it is considered that popping does not
occur. Thus, it can be suppressed that the control by the first control unit is stopped

and the inhibition of the control by the second control unit is cancelled in a traveling

-9.



10

15

20

25

WO 2007/029585 PCT/JP2006/317161

state in whi§h popping could occur.  Accordingly, occurrence of popping can be
suppressed to suppress damage to the one-way clutch.

According to still another aspect of the present invention, a control method for
an automatic transmission is a control method for an automatic transmission
implementing a gear by engagement of any of a ﬁlurality of frictional engagement
elements. At least any one of gears to be implemented is implémented by engagement
of a restraining member allowing rotation of an outer race and an inner race with respect
to each other in one direction and restraining rotation thereof in the opposite direction,
in addition to the ehgagement of the frictional engagement elements. The control
method includes the steps of: determining whether'or not a degree of change by which -
the number of revolu‘;ibns of an output shaft of the automatic transmission changes in a
predetermined time period-is larger than a predetermined degree of change; and
inhibitiﬁg gear-slﬁﬁing control under which a gear to be implemented is determiﬁed
based on the number of revolutions of the output shaft and contrdlling the frictional
engagement elements so that a gear is implemented thét is different from the gear
implemented by the engagement of the restraining member, in the case where it is
determined that the degree of change by which the number of revolutions of the 6utput
shaft changes in the predetermined time period isllarger than the predetermined degreé
of che.lnge'. . |

According to the present invention, a gear is implemented by engagement of any
of a plurality of frictional engagement elements (such as clutch and brake). At least
any\ one of gears to be implemented ‘is implemented by engagement of the réstraining
member (such as one-way clutch) in addition of the engagement of the frictional |
engagement‘ elements. Inthe case where a degree of change by which the number of
revolutions of the output shaft of such an automatic transmission as described above in a
predetermined time period is large, this can be regarded as the case where it is repeated
that wheels separate from and contact a road surface or that the driver is shaken to

cause the accelerator pedal position to change and accordingly the load exerted on the
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automatic trensmission increases/decreases in short cycles. In this case, it could
repeatedly occur that rotation of the outer race and the inner race with respect to each
other is permitted and restrained. If the permission and restraint of rotation of the
outer race and the inner race with respect to each other is repeated, popping could occur
to damage the one-way clutch. Therefore, in the case where it is determined that the
degree of change by which the number of revolutions of the output shaftin a
predetermined time period is large, the frictional engagement elements are controlled so
thar a gear is implemented. that is different from the gear implemented by the
engagement of the restraining member. Thus, engagement of the restraining member
can be suppressed. Therefore, occurrence of popping can be suppressed. Further,
here, gear-shifting control under which a gear to be implemented is determined based on
the number of revolutions of the output shaft is inhibited Accordingly, it can be
suppressed that the gear implemented by the engagement of the restrarmng member is’

1mp1emented agarn. Accordingly, occurrence of poppmg of the one-way clutch can be

. suppressed. Thus, the control method for the automatic transmission that can suppress

damage to the one-way clutch can be provided.

Preferably, the control method further includes the steps of’ determining, when
the gear—shifting control under which a gear to be implemented is determined based oh‘ '
the m.lmb,er of revolutions of the output shaft is inhibited and the frictionai engagement
elements are controlled so‘that a gear is implemented that is different from the gear
implemented by the engagement of the restraining member, whether or not the degree of
ehange by which the number of revolutrons of the output shaﬁ changes in the

predetermined time period is at most a degree of change smaller than the predetermmed

~ degree of change; and canceling the inhibition of the gear-shifting control under which a

gear to be implemented is determined based on the number of revolutions of the output
shaft, in the case where it is determined that the degree of change by which the number
of revolutions of the output shaft changes in the predetermined time period is at most a

degree of change smaller than the predetermined degree of change, when the gear- -
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shifting control under which a gear to be implemented is determined based on the
number of revolutions of the output shaft is inhibited and the frictional engagement
elements are controlled so that a gear is implemented that is different from the gear
implemented by the engagement of the restraining member.

According to the present invention, when the degree of change by which the

- number of revolutions of the output shaft changes in a predetermined time period

decreases in the case where the gear-shifting control under which a gear to be
implemented is determined based on the number of revolutions of the output shaft is
inhibited and the frictional engagement elements are controlled so that a gear is

implemented that is different ‘.from the gear implemented by the engagement of the

B restrainirig member, the inhibition of the gear-shifting control under which a gear to be

~ implemented is determined based on the number of revolutions of the output shaft is

cancelled. | Here,’during travel in the gear implemented by engagement of the
restraining member, the degree of change by which the number of revolutions changes in
tﬁe ease where wheels separate from the road surface tends to be increased by the fact
that the restraining member allows a difference in- number of revolutions between the |
outer race and the inner race. In contrast, in the case where a difference in number of

revolutions between the outer race and the inner race is suppressed by the frictional a

h engagement elements, the aforementioned degree of change by which the number of

revolutions changes tends to decrease. Further, the degree of change by which the
number of revolutions changes could decrease according to a gear (gear ratio). Thus,
in the case where the degree of change by which the number of revolutions of the output

shaft changes in a predetermined time period is equal to or smaller than a degree of

| change smaller than a predetermined degree of change because of the fact that the gear-

shifting control under which a gear to be implemented is determined based on the
number of revolutions of the output shaft is inhibited and a gear is implemented that is
different from the gear implemented by the engagement of the restraining member, the

inhibition of the gear-shifting control under which a gear to be implemented is
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determined based on the number of revolutions of the output shaft is cancelled.
Accordingly; the inhibition of the gear-shifting control under which a gear to be
implemented is determined based on the number of revolutions of the output shaft mey 4
be cancelled, using a threshold value according to the state of the automatic
transmission, at a timing precisely adjusted to a timing at which it is considered that
popping does not occur. Thus, it can be suppressed that the inhibition of the gear-
shifting control under which a gear to be implemented is determined based on the
number of revolutions of the output shaft is cancelled in a traveling state in which
pepping could oceur. Accordingly, occurrence of ‘popping can be suppressed to
suppress damage to the one-way clutch. .
According to a‘ further aspect of the present invention, a control method for an -
automatic transmission is a control method for an automatic transmission implementing
a gear by engagement of any of a plurality of frictional engagement elements. At least
any one of gears to be implemented is implemented by engagement ofa restraming
member allowing rotation of an outer race and an inner race Wifh respect to each other
in one direction and restraining rotation thereof in the opposite direction, in addition to
the engagement of the frictional engagement elements. A diﬁ'erence in number of -
revolutions between the outer race and the inner race is suppressed by engagement of at
least eny one of a plurality of the frictional engagement elements. The control method.
includes the steps of: determining whether or not a degree of change by which the
number of revolutions of an output shaft of the automatic transmission changes in a
predetermined time period is larger fhan 2 predetermined degree of change;'and
inhibiting gear-shifting control under Whlch a gear to be implemented is determined
based on the number of revolutions of the output sha.ft and controlling the frictional
engagement elements so that the difference in number of revolutions between the outer
race and the inner race is suppressed, in the case where it is determined that the degree

of change by which the number of revolutions of the output shaft changes in the

predetermined time period is larger than the predetermined degree of change.
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According to the present invention, a gear is implemented by engagement of any
of a plurality of frictional engagement elements (such as clutch and brake). At least
any one of gears to be implemented is impiemented by engagement of the restraining

member (such as one-way clutch) in addition of the engagement of the frictional A

. engagement elements. By engagement of at least any one of these frictional

engagement elements, a difference in number of revolutions between the outer race and
the inner race is suppressed. In the case where a degree of change by which fdi'e
pumber of revolutions of the output shaft of such an automatic transmission as described
above in a predetermined time period is large, this can be regarded as the case where it
is repeated that wheels separate from and contact a road surface or that the driver is
shaken to cause the ac\celerater pedal position to change and accordingly the load
ex'efted‘ on the autematic transmission increases/decreases in short cycles. In this case,
it could repeatedly occur that rotation of the outer race and the inner race with fesf)ect
to each other is permitted and restrained. If the permission and restraint of rotation of |
the outer race and the inmer race with respect to each other is repeated, pop\ping could -
eccur to damage the one-way clutch. Therefore, in the case where it is determined that
the degree of change by which the number of revolutions of the output shaft ina |
predetermlned time period is large, the frictional engagement elements are controlled SO
that a difference in number of revolutions between the outer race and the inner race 1s
suppressed. Further, here, the gear-shifting control under which a gear to be
implemented is determined based on the number of revolutions of the output shaft is
inhibited. Accordingly, a priority can be given to engagement of the ﬁictienal
engagement elements for suppressing a difference in number of revolutions between the
outer race and the inner race, over shift to a gear in which the frictional engagement
elements suppressing a difference in number of revolutions between the outer race and
the inner race are disengaged. Thus, a difference in number of revolutions between the
outer race and the inner race can be suppressed to suppress occurrence of popping.

Thus, the control method for the automatic transmission that can suppress damage to
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one-way clutch can be provided.

Preferably, the control method further includes the step of executing gear-
shifting control under which a gear to be ifnplemented is determined based on an
average of the number of revolﬁtions of the output shaft in a predetermined time period,
in the case where the gear-shifting control under‘which a gear to be implemented 1s
determined based on the number of revolutions of the output shaft is inhibited.

" According to the present invention, in the cése where it is inhibited that a gear is'
implemented based on the number of revolutions of the output shaft, the gear is
implemented based on an average of the number of revolutions of the output shaft in a
predetermined time peériod, instead of the number:bf revolutions of the output shaft.-
Accordingly, while it is supp‘resAsed that gear shifting, which is unnecessary, of the-

atttomatic transmission is done due to a sudden change in number of revolutions of the

“output shaft, gear shifting can be done in the case where the vehiéle speed actually.‘;

changes to cause the number of revolutions of the output shaft to change and thus the

 gear shifting is necessary. Thus, travel in a gear appropriate for a traveling state of the

vehicle can be accomplished. _
Still preferably, the control method further includes the steps of: determining,

when the gear-shifting control under which a geér'to be implement is determined based :

 on the number of revolutions of the output shaft is inhibited and the frictional

engagement elements are controlled so that thé difference in number of revolutions
between the outer race and the inner race is suppressed, whether or not the degree of
ch;mge by which the number of revolutions of the output shaft changes in the
predetermined time period is at most a degree of change smaller than the predeterminéci
degree of éhange; and stopping the control of the frictional engagement eléments for
suppressing the difference in number of revolutions between the outer race and the inner

race and canceling the inhibition of the gear-shifting control under which a gear to be

~ implemented is determined based on the number of revolutions of the output shaft, in the

case where it is determined that the degree of change by which the number of
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revolutions ef the output shaft changes in the predetermined time period is at most a
degree of change smaller than the predetermined degree of change, when the gear-
shifting control under which a gear to be ifnplemented is determined based on the
number of revolutions of the output shaft is inhibited and the frictional engagement
elements are controlled so that the difference in uumber of revolutions between the
outer race and the inner race is suppressed.

According to the present invention, when the degree of change by which the

number of revolutions of the output shaft changes in a predetermined time period

- decreases in the case where the gear-shifting control under which a gear to be

implemented is determined based on the number of revolutions of the output shaft is
inhibited and the frictional engagement elements are controlled so that the difference in
nuimber of revolut1ons between the outer race and the inner race is suppressed, the
control of the fr10t1ona1 engagement elements for suppressing the d1fference in number
of revolutlons between the outer race and the inner race 18 stopped and the inhibition of
the gear-sh1ftmg control under which a gear to be 1mp1emented is determmed based on
the number of revolutions of the output shaft is cancelled. Here, during travel in the -
gear implemented by engagement of the restraining ‘member, the degree of change by
which the number of revolutions changes in the cese where wheels separate from the |
road surface tends to be increased by the fact that the restrairting member allows a
difference in number of revolutions between the outer race and the inner race. In
contrast, in the case where a difference in number of revolutions between the outer race
and the inner race is suppressed by the frictional engagement elements, the ' ‘
aforementioned degree of change by which the number of revolutions changes tends to
decrease. Further, the degree of change by which the number of revolutions change
could decrease according to a gear (gear ratio). Thus, in the case where the degree of
change by which the number of revolutions of the output shaft changes in a
predetermined time period is equal to or smaller than a degree of change smaller than a

predetermined degree of change because of the fact that the gear-shifting control under
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which a gear to be implemented is determined based on the number of revolutions of the
output shaft is inhibited and the frictional engagement elements are controlled so that the
difference in number of revolutions between the outer race and the inner race is
suppressed, the control of the frictional engagement elements for suppressing the
difference in number of revolutions between the outer race and the inner race is stopped
and the inhibition of the gear-shifting control under which a gear to be implemented is
determined based on the number of revolutions of the output shaft is cancelled. -
Accordingly, the control of the frictional engageinent elements for suppressing the
différence in number of revolutions between the outer race and the inner race may be
stopped and the inhibition of the gear-shifting contiol under which a gear to be
implemented is determined based on the number of revolutions of the output shaft may
be ‘céncelled, using a threshold value according to the state of the automatic
transmissic;n, ata ﬁming precisely adjusted to a timing at which it is considered hat
popping does not oceur. Thus, it can be suppressed that the cofltrol of the frictional
engégement elements for suppressing the difference in.number of revolutions between
the outer race and the inner race is étopped and the inhibition of the gear-shifting control
under which a gear to be implemented is determined based on the number of revolutlons
of the output shaft is cancelled in a traveling state in which popping could occur. '
Accordingly, occurrence of popping can be suppressed to suppress damage to the one-

way clutch.

Brief Description of the Drawings

Fig. 1 is a schematic view of a powertrain under control of an ECU (Electronié |
Control Unit) qualified as a control apparatus accordiﬁg to a first embodimént of the
present invention.

Fig. 2 is a skeletal view of a geartrain in a transmission.

Fig. 3 represents an operation table of a transmission.

Fig. 4 shows a portion of an oil hydraulic circuit in the transmission.
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Fig. 5 is a flowchart showing a control structure of a program executed by the
ECU qualified as the control apparatus according to the first embodiment of the present
invention. ‘

‘Fig. 6 is a flowchart showing a control structure of a program executed by an
ECU qualified as a control apparatus according to a second embodiment of the present

invention.

Best Modes for Carrying Out the Invention

Embodiments of the present invention will be described hereinafter with
reference to the drawings. In the following descﬂ‘ption, the same elements have the
same reference characférs allotted. Their designation and function are also identical.
Théfefore, detailed description thereof will not be repeated.

F irs"c Embo'diment |

A vehicle mcorporatlng a control apparatus accordlng toa ﬁrst embod1ment of
the present invention will be described with reference to Fig. 1. The vehicle is an FF
(Front engine Front drive) vehicle. The vehicle incorporating the control apparatus for
an automatic transmission according to the present embodiment is not limited to the FF A
vehlcle

The Véhicle includes an engine 1000, a transmission 2000, a planetary gear unit ‘
3000 constituting a portion of transmission 2000, an oil hydraulic circuit 4000 |
constituting a portion of transmission 2000, a differential gear 5000, a drive shaft 6000,
a fr;)nt wheel 7000, and an ECU (Electronic Control Unit) 8000.

Engine 1000 is an internal combustion engine that burns a mixture consisting of |

fuel injected from an injector (not shown) and air, inside a combustion chamber of a

cylinder. A piston in the cylinder is pushed down by the combustion, whereby a

crankshaft is rotated. An external combustion engine may be employed instead of an
internal combustion: engine. Further, engine 1000 may be substituted with a rotating

electric machine.
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Tran:smission 2000 converts the revolution speed of the crankshaft to a desired
revolution speed for speed change by implementing a desired gear. The output gear of
transmission 2000 meshes with diﬁ'erentialugear 5000. ‘

" A driveshaft 6000 is coupled to differential gear 5000 by spline-fitting for
example. Motive power is transmitted to the left and right front wheels 7000 via
driveshaft 6000.

A vehicle speed sensor 8002, a position switch 8005 of ashift lever 8004, an
accelerator pedal position sensor 8007 of an accelerator pedal 8006, a stop lamp switch -
8009 provided at a brake pedal 8008, an oil temperature sensor 8010, an input shaft
speed sensor 8012, an output shaft speed senser 8'(‘)14, and a coolant temperature sensor
8016 are connected to ‘ECU 8000 via a harness and the like, H‘

~ Vehicle speed sensor 8002 senses the vehicle speed from the revolution number
of drive. sheft 6006, and transmits a signal representing the sensed result to ECU 8600.
The position of shift' lever 8004 is sensed by position switch 8005., and a signal
representing the sensed result is transmitted to ECU 8600. A gear of transmission
2000 is automatically implemented eorresponding to the position of shift lever 8004.
Additionally, the driver may operate to select a manual shift mode in which the driver
can select a gear arbitrarily. | h

Accelerator pedal position sensor 8007 detects the posmon of accelerator pedal

8006, and transmits a signal representing the detected result to ECU 8000. Stop lamp -
switch 8009 senses the ON/OFF state of brake pedal 8008, and transmits a s1gna1

representlng the sensed result to ECU 8000. A stroke sensor sensing the stroke level ‘

of brake pedal 8008 may be provided instead of or in addmon to stop.Jamp switch 8009

Oil temperature sensor 8010 senses the temperature of the'ATF (Automatic
Transmission Fluid) of transmission 2000, and transmits a signal representing the sensed
result to ECU 8000. |

Input shaft speed sensor 8012 senses the input shaft revolution number NI of

transmission 2000, and transmits a signal representing the sensed result to ECU 8000.

-19-



10

15

20

25

WO 2007/029585 PCT/JP2006/317161

Output shaft\speed sensor 8014 senses the output shaft revolution number NO of 1
transmission 2000, and transmits a signal representing the sensed result to ECU 8000.
Coolant temperature sensor 8016 senses the temperature of the coolant of engine 1000,
and transmits a signal representing the sensed result to ECU 8000.

ECU 8000 controls various devices such that the vehicle attains a desired
traveling state based on signals transmitted from vehicle speed sensor 8002, positien
switch 8005, accelerator pedal position sensor 8007, stop lamp switch 8009, oil -
tennperature sensor 8010, input shaft speed sensor 8012, output shaft speed sensor 8014,
and the like, as well as map and program stored in a ROM (Read Only Memory).

In the present e‘mbodilnent, ECU 8000 determines the gear to be irnplemented

according o a gear shi\ft map 4produced based on such parameters as the output shaft

revolut1on number NO and the accelerator pedal posmon

Planetary gear unit 3000 will be described with reference to Fig. 2. Planetary '
gear unit 3000 is connected to a torque converter 3200 having an input shaft 3100
coupled to the crankshaft Planetary gear unit 3000 includes a first set of the planetary
gear mechanism 3300, a second set of the planetary gear mechanism 3400, an output .
gear 3500, B1, B2, and B3 brakes 3610, 3620 and 3630 fixed to a gear case 3600, C1
and CAZ.clutches' 3640 and 3650, and a one-way clutch F 3660. .

First set 3300 is a single pinion type planctary gear mechanism. First set 3300

includes a sun gear S (UD) 3310, a pinion gear 3320, a ring gear R (UD) 3330, and a

carrier C (UD) 3340.

Sun gear S (UD) 3310 is coupled to an output shaft 3210 of torque converter
3200. Pinion gear 3320 is rotatably supported on carrier C (UD) 3340. Pinion gear :
3320 engages with sun gear S (UD) 3310 and ring gear R (UD) 3300. |

Ring gear R (UD) 3330 is fixed to gear case 3600 by B3 brake 3630. Carrier C
(UD) 3340 is fixed to gear case 3600 by B1 brake 3610.

Second set 3400 is a Ravigneaux type planetary gear mechanism. Second set

3400 includes a sun gear S'(D) 3410, a short pinion gear 3420, a carrier C (1) 3422, a
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long pinion gear 3430, a carrier C (2) 3432, a sun gear S (S) 3440, and a ring gear R (D
R (2)) 3450. , :
~ Sun gear S (D) 3410 is coupled to carrier Cv (UD) 3340. Short pinion gear

3420 is rotatably supported on carrier C (1) 3422.  Short pinion ge'ar 3420 engages
with sun gear S (D) 3410 and long pinion gear 3430. Carrier C (1) 3422 is coupled
with output gear 3500. ’

Long pinion gear 3430 is rotatably supported on carrier C (2) 3432. Long
pi’nlon gear 3430 engages with short pinion gear 3420, sun gear S (S) 3440, and ring
gear R (1) R (2)) 3450.  Carrier C (2) 3432 is coupled with output gear .3500'

Sun gear S (S) 3440 ls coupled to output shaft 3210 of torque converter 3200 by -
C1 clutch 3640. Rinf;r gear R (1) (R (2)) 3450 is fixed to gear case 3600 by B2 brake
3620, and coupled to output shaft 3210 of torque converter 3200 by C2 clutch 3650.
Ring gear R (1) (R (2)) 3450 is coupled to one-way clutch F 3660 and is d1sabled in
rotation during the drwe in first gear.

One-way clutch F 3660 is provided in parallel Wlth B2 brake 3620 ‘Specifically,

one-way clutch F 3660 has the outer race fixed to gear case 3600, and the inner race

" coupled to ring gear R (1) (R (2)) 3450 via the rotation shaft.

Fig. 3 is an operation table representing the relation between gears to be shifted
and obergtion states of the clutches and brakes. By operatirlg each brake and each
clutch based on the combination shown in the operation table, the forward gears
1nclud1ng ﬁrst gear to sixth gear and the reverse gear are implemented.

Since one-way clutch F 3660 is prov1ded in parallel with B2 brake 3620 itis not

necessary to engage B2 brake 3620 in a driving state from the engine, side (accelerat1on)

~ during implementation of first gear (1ST), as indicated in the operation table.

During the drive in first gear, one-way clutch F 3660 restrains the rotation of
ring gear R (1) (R (2)) 3450. When engine brake is effected, one-way clutch F 3660
does not restrain the rotation of ring gear R (1) (R (2)) 3450.

Specifically, during the drive under normal gear-shifting control, first gear is
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implemented by engagement of C1 clutch 3640 and one-way clutch F 3660. During
engine brald;lg under the normal geer-shifting control, first gear is implemented by
engagement of C1 clutch 3640 and B2 brake 3620.

It is noted that, although transmission 2000 employed here includes the one-way

~ clutch which is used to implement first gear only, the automatic transmission may

include a one-way clutch which is used to implement any gear(s) except for first gear.
The present invention may thus be applied to the case where any gear is implemented by
means of this one-way clutch. ,

Oil hydrauhe circuit 4000 will be described hereinafter W1th reference to Fig. 4.
Fig. 4 represents only the portlon of oil hydraulic circuit 4000 related to the present
inventiod.  Oil hydraulic circuit 4000 ineludes aﬁ oil pump 4004, a primary regulator |
valve 4006, a manuall valve 4100, a solenoid modulater valve 4200, an SL1 linear
soienoid (hereinafter indicated as SL (1)) 4210, an SL2 linear solenoid (hereinafter,
indicated as SL (2)) 4220, an SL3 linear solenoid (hereinafter, indicated as SL (3)) 4230,
an SL4 linear solen01d (hereinafter, indicated as SL (4)) 4240, an SLT linear solenoid
(hereinafter, indicated as SLT) 4300, and a B2 control valve 4500.

Oil pump 4004 is coupled with the crankshaft of engi‘ne 1000. By rotation of
the crankshaft, oil pump 4004 is driven to generate oil pressure. The oil pressure a
gener.ate'd at oil pump 4004 is' adjusted by primary regulator valve 4006, whereby line
pressure is generated. ,

Primary regulator valve 4006 operates with the throttle pressure adjusted by
SLT 4300 as the pilot pressure. The line pressure is supplied to manual valve 4100 via -

~aline preseure oil channel 4010.  The line pressure is adjusted by SL (4) 4240 to be -

supplied to B3 brake 3630. ‘ | | } ‘

Manual valve 4100 includes a drain port 4105. The oil pressure of a D range
pressure oil channel 4102 and an R range pressure oil channel 4104 is discharged from
drain port 4105. When the spool of manual valve 4100 is at the D position, line

pressure oil channel 4010 communicates with D range pressure oil channel 4102,
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whereby oil pressure is supplied to D range pressure oil channel 4102. At this stage, R
range pressﬁre oil channel 4104 communicate with drain port 4105, whereby the R
range pressure of R range pressure oil channel 4104 is discharged from drain port 4105.
When the spool of manual valve 4100 is at the R position, line pressure oil
channel 4010 communicates with R range pressure oil channel 4104, whereby oil
pressure is supplied to R range pressure oil channel 4104. At this stage, D range
pressure oil channel 4102 communicates with drain port 4105, whereby the D range
pressure of D range pressure oil channel 4102 is discharged from drain port 4105.

When the spool of manual valve 4100 is at the N position_; D range pressure oil |

~ channel 4102 and R range pressure oil channel 4104 both commuinicate with drain port -

4105, whereby the D range pressure of D range pressure oil channel 4102 and the R
range pressure of R rénge pressure oil channel 4104 are discharged from drain port 4105.
' The oil préssure supplied to D range pressure oil channel 4102 is eventually
stpplied to B1 brake 3610, B2 brake 3620, C1 clutch 3640 and C2 clutch 3650.
" The oil preséure supplied to R range pressure oil channel 4104 is eventually
supplied to B2 brake 3620. ' | A
Solenoid modulator valve 4200 adjusts the line pressure afc a constant level.
The oil pressuré adjusted by solenoid modulator valve 4200 (solenoid modulator
pressﬁre)' is supplied to SLT 4300. A .
SL (1) 4210 adjusts the oil pressure supplied to C1 clutch 3640. SL (2) 4220 -
adjusts the oil pressure supplied to C2 clutch 3650. . SL (3) 4230 adjusts the oil
pressure supplied to B1 brake 3610. ) ,
SLT 4300 responds to a control signal from ECU 8000 based on the accelerator
pedal positibn detected by accelerator pedal position sensor 8007 to adjust the solenoid -
modulator pressure and generate the throttle pressure. The throttle pressure ié
supplied to primary regulator valve 4006 via SLT oil channel 4302. The throttle
pressure is used as the pilot pressure of primary regulator valve 4006.

SL (1) 4210, SL (2) 4220, SL (3) 4230 and SLT 4300 are controlled by a
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control signal transmitted from ECU 8000.

B2 control valve 4500 selectively supplies the oil pressure from one of D range
pressure oil channel 4102 and R range preesure oil channel 4104 to B2 brake 3620. . D
range oil pressure 4102 and R range oil pressure 4104 are conneeted to B2 control valve
4500. B2 control valve 4500 is controlled by tlre oil pressure supplied from an SL
solenoid valve (not shown) and an SLU solenoid valve (not shown) and the urge of the
spring. ‘ |

When the SL solenoid valve is OFF and SLU solenoid valve is ON, B2 control
valve 4500 attains the left side state of Fig. 4. In this case, B2 brake 3620 is supplied
with oil pressure havmg the D range pressure adJusted with the 011 pressure supphed
from the SLU solen01d valve as the pilot pressure. .

When the SL solenoid valve is ON and the- SLU solen01d valve is OFF, B2
control valve 4500 attains the right side state of Fig. 4. In this case, B2 brake 3620 is |
supplied with the R range pressure. | |

Referring to Fig. 5, a descrrptmn will be given of a control structure of a
program executed by ECU 8000 qualified as the control apparatus accordmg to the
present embod1ment

In step (step is hereinafter abbreviated as S) 100, ECU 8000 determines Whether
ornot first gear is implemented. Whether or not first gear 18 unplemented is
determined based on the gear shift map stored in the ROM. When the first gear is
implemented (YES in S 100), the program broceedsto S110. Otherwise (NO in $100),
the\program is ended. | t | o

In S1 10, ECU 8000 determines whether or not in driven state (namely whether

or not the vehicle travels by drive power from engine 1000). Whether or not in driven

state is determined depending on, for example, whether or not the degree by which the

accelerator pedal is depressed is greater than a predetermined degree. When in driven
state (YES in S110), the program proceeds to S120. Otherwise (NO in S110), the

program is ended.
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In 8120, ECU 8000 determines whether or not the number of revolutions of the

* output shaft, namely output shaft revolution number NO, changes in a predetermined -

time period by a degree of change ANO that is Jarger than a threshold value ANO (1).
When the degree of change ANO by which the output shaft revolution number NO
changes in the predetermined time period is large‘r than the threshold value ANO (1) -
(YES in $120), the program pfoceeds to S130. Otherwise (NO in $120), the program
is ended. | o

In Sl30‘, ECU 8000 inhibits normal gear-shifting control under which a gear to
be implemented is determined based on the output shaft revolution number NO (output ‘
shaft revblution number NO on which no special process is performed). In S140, ECU -
8000 forces the gear t\o be sh'ifted to any gear except for first gear (for example, fo
second gear). \ ' ‘

In S150, ECU 8000 determines whether or not the degfec of chzir}ge ANO by
which the output shaft revolution number NO changes in the p;eaeternﬁned time period
is larger than a threshold value ANO (2) (ANO (2) < ANO (1)). When fhe‘ degree of -
change ANO by which the output shaft revolution number NO changes in flle |
p;edetermined time period is larger than the threshold value ANO (2) (YES in S150),
the program returns to $150. - Otherwise (NO in $150), the program proceeds to S160.

In"'S160, ECU 8000 cancels the inhibition of the normal gear-shifting control
under which a gear to be implemented is determined based on the output shaft
revolution number NO. In §170, ECU 8000 stops the forced shift to any gear except |
for first gear. ‘

A description will now be given of an operation of ECU 8000 qualified as the

control apparatus according to the present embodiment based on the above-described

structure and flowchart.

While the vehicle is traveling, for exémple, the vehicle is traveling on an
undulating road sur.face,.front wheels 7000 (drive wheels) may repeat separation from

and contact again with the road surface. If front wheels 7000 separate from the road
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surface, the Sirive power that is transmitted from engine 1000 via transmission 2000 to
front wheels 7000 is not transmitted to the roéd surface and accordingly wheels 7000
turn freely. | .

If front wheels 7000 freely turn in a traveling state where one-way clutch F 3660
may engage, like the driven state in first gear (YES in S100, YES in S110), the inner
race (ring gear R (1) (R (2)) 3450) of one-way clutch F 3660 freely rotates, resulting in
a difference in number of revolutions between the outer race and the inner race.” After
this, when front wheels 7000 are brought into contact Witﬁ the road surface, the rotation
of the inner race (ring géar R (1) (R (2)) 3450) of one-way clutch F 3660 is restrained
again. As this is repeated, popping of o'ne—wéy clutch F 3660 could occur.

' As well, if the driver is shaken and thus the accelerator pedal position repeatedly
chénges, it is répeated that the inner race of one-way clutch F 3660 rotates freely and
the rotétioﬁ of thelinner race is restrained, and consequently popping of one-way clutch
F 3660 could occur. l | |

Thus, in the case where the degree of change ANO by which the outi)ut shaft

revolution number NO changes in the predetermined time period is larger than the

- threshold value ANO (1) (YES in S120) and thus front wheels 7000 can be regarded as

freely turning, the normal gear-shifting control under which a gear to be implemented is
determined based on the output shaft revolution number NO is inhibited (S130).
Further, the gear is forced to be shifted to any gear (for example second gear) except for
first gear which is implemented by engagement of one-way clutch F 3660 (S140).

\ In this way, engagement of one-way clutch F 3660 can be suppressed. Here, |
since the normal gear-shifting control is inhibited, it can be supbressed that the gear isy
shifted again to first gear in which one-way clutch F 3660 engages. Thus, repeated
free rotation of and restraint of rotation of the inner race of one-way clutch F 3660 can
be suppressed and accordingly occurrence of popping can be suppressed.

Consequently, damage t6 one-way clutch F 3660 due to popping can be suppressed.

Shift to any gear except for first gear leads to a lower gear ratio. Therefore,
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the output shaft revolution number NO is not readily increased. Furfher, it does not
occur that thé output shaft revolution number NO increases due to such a factor as free
rotation of the inner race of one-way clutch F 3660. Therefore, as the gear is shifted to
any gear except for first gear, the degree of change ANO by which the output shaft
revolution number NO. changes tends to decrease. 4 |

Therefore, even if the degree of cﬁange ANO by which the output shaft

revolution number NO changes in the predetermined time period is equal to or smaller".

" than the threshold value ANO (1), front wheels 7000 cannot be regarded as those that

are not freely turning, unless the degree of change ANO is equal to or smaller than the .
threshold Qalue ANO (2) Whigh is smaller than th‘e«fhreshold value ANO (1).

Iﬁ contrast, Wﬁen the degree of change ANO by which the output shaft
revbluti,on ,number,‘.NO changes iﬁ the predetermined time period is equal to or smaller
than the threshold value ANO (2) (NO in S150), front wheels 7000 can be regarded as
those that are not freely turning. In this case, the inhibition of the normal 4g_edr-shiftif1g‘
control under which a gear to be imblemented is determined based on the output shaft 4
revolution number NO is cancelled (S160). Fuﬁher, the forced shift to an‘y gear except
for first gear is stopped (S170). o

o In this way, at a timing precisély adjusted to the timing at which actually the
popping is unlikely to occur, the inhibition of the normal geaf-shifting control can be
cancelled and the forced shift to any gear except for first gear can be stopped.

’ Thus, it can be suppressed that first gear is implemented again in the state where
popping could occur and consequently popping Oéqur. In this way, damage to one-
way clutéh F 366.0 due to popping can be suppressed.. .

As seen from the above, the ECU corresponding to the control apparatus
according to the present embodiment inhibits, in the case where the degree of change
ANO by which the output shaft revolution number NO changes in a predetermined time
period is larger than the threshold value ANO (1), the normal gear-shifting control under ‘

which a gear to be implemented is determined based on the output shaft revolution
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number NO.  Further, the gear is forced to be shifted to any gear except for first gear ‘
which is impiemented by one-way clutch F.  Accordingly, engageﬁlent of one-way
clutch F can be suppressed. Here, since the normal gear-shifting control is inhibited, it
can be suppressed that the gear is shifted again to first gear which allows one-way clutch
F 3660 to engage. Therefore, repeated free rotation and restraint of rotation of the
inner race of one-way clutch F can be suppressed and thus occurrence of popping can be
suppressed. Consequently, damage to one-way clutch F due to popping can bé
suppressed. ‘

In the case where a difference between the number of revolutions NO (1) of the

. output shaft that is estimated by dividing the input shaft revolution number NIN sensed

by input shaft speed sensor 8012 by the gear ratio and the number of revolutions NO (2)
of the output shaft that is sensed by output shaft speed sensor 8014 (output shaft

revolution number NO (2) — output shaft revolution number NO (1)) is larger thana -

‘threshold value N (Q), the normal gear-shifting control under Whi@h a geaf to be
* implemented is determined based on the output shaft revolution mumber NO may be

. inhibited and the gear may forced to be shifted to any gear except for the gear -

implemented by engagement of one-way clutch F 3660.
' Second Embodiment
In the following, a second embodiment of the present :invention will be described.
The present embodiment differs from the first embodiment in that; instead of gear

shifting in the case where the degree of ch;inge ANO by which the output shaft

~ revolution number NO changes in a predetermined time peﬁod is larger than the
" threshold value NO (1), B2 brake 3620 is engaged while the gear is maintained.

. Elements of the second embodiment except for the above-described one are identical to

those of the first embodiment. They have the same functions as well. Therefore, the
detailed description thereof is not repeated here.
Referring to-Fig. 6, a description will be given of a control structure of a

program executed by ECU 8000 qualified as a control apparatus according to the
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present embodiment. The same process steps as those of the above-described first
embodiment are denoted by the same reference number. Therefore, the detailed
description thereof is not repeated here. | | ‘ ‘ :

In S200, ECU 8000 places B2 brake 3620 in engaged state. Specifically, oil
hydraulic circuit 4000 is controlled so that the oil‘ pressure is supplied to an oil hydraulic
servo of B2 brake 3620 to allow B2 brake 3620 to be in engaged state. A

In S210, ECU 8000 starts gear shifting control under which a gear to be”
irﬁplemented is determined based on an average NO (AVE) of the output shaft

revolution number NO in T (1) second(s), instead of the output shaft revolution number

- NO.

In §220, ECU 8000 determines whether or not gear shifting is nécessary. If it
is determingd that gear shifting is necessary (YES in S220), the program proceeds to
S230. Otherwise (NO in S220), the program returns to 8220. - |

- In 8230, ECU 8000 shifts gears by the clutch-to-clutch shift contfol under which
B2 brake 36201 ailowed to slide while clutches or braices to be engaged in ;che next
gear are engéged. After this, this brogram is ended. ’

An operation will be described of ECU 8000 qualified as the control apparatus
accordihg to thé present embodiment based on the above-described structure and - h
ﬂowchart. ‘ |

In the driven state in first gear (YES in SlOO,‘ YES in S110), when the degreé of
chapge ANO by which the output shaft revolution number NO changes ina
predetermined time period is larger than the threshold value ANO (1) (YESV in §120), )
the normal gear—shiﬂing control under which a gear to be implemented is determined
based on the output shaft revolution number NO is inhibited (S130). Fﬁrther, the oil
pressure is supplied to the oil hydraulic servo of B2 brake 3620 to place B2 brake 3620
in engaged state (S200).

Accordingly, rotation of the rotational shaft coupled to ring gear R (1) (R (2))

3450 is suppressed, and rotation of the inner race of one-way clutch F 3660 is
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suppressed.  Thus, a difference in number of revolutions between the outer race and
the inner race of one-way clutch F 3660 is suppressed (made smaller). Consequently,
repeated free rotation and restraint of rotation of the inner race of one-way clutch F
3660 can be suppressed, and thus occurrence of popping can be suppressed.

Here, since the normal gear-shifting centr‘ol is inhibited, it can be suppressed that
a gear is determined based on the output shaft revolution numl:er NO that temporarily
increases sharply. Thus, shift to any gear such as second gear or third gear in which
B2 brake 3620 is placed in disengaged state can be suppressed. Consequently, as B2
brake 3620 is allowed to engage prior to gear shifting, occurrence of popping can be
suppressed. Accordingly, damage to one-way clutch F 3660 due to popping can be
suppressed \ '

In the state where B2 brake 3620 1s engaged and ﬁrst gear is kept, gear shifting
control is started under which a gear to be implemented is determmed based on the
average NO (AVE) of the output shaft revolution number NO in T €] second(s)
instead of the output shaft revolution number NO (8210) _

If gear shifting is necessary (YES in $220), the gear is shifted under the clutch-
to-clutch shift control under which B2 brake 3620 is allowed to slide while clutches or
brakes to be engaged in the next gear are allowed to engage (S230).

In this way, it can be suppressed that gear shifting is erroneously determined due
to a temporary increase of the output shaft revolution number NO, while the vehicle can
be run in an appropriate gear according to the vehicle speed in the case where the
velljcle speed actually increases which entails gear shifting. Further, in geer shifting,
the gear shifting shock can be suppressed by the clutch-to-clutch shift control while the |
gear can be shifted smoothly. - |

As the gear is shifted to any gear except for first gear, engagement of one-way
clutch F 3660 can be suppressed. Thus, repeated free rotation and restraint of rotation

of the inner race of one-way clutch F 3660 can be suppressed, and accordingly popping

. can be suppressed. Consequently, damage to one-way clutch F 3660 due to popping
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can be supppessed. ‘ .

As seen from the above, the ECU corfesponding to the control apparatus of the
present embodiment inhibits, in the case where the degree of chahge ANO by which the
outpu’t shaft revolution number NO chaﬁges in a predetermined time period is larger
than the threshold value ANO (1), the normal gear-shifting control under which a gear
to be implemented is determined based on the output shaft revolution number NO.
Further, B2 brake is allowed to engage. Accordingly, a difference in number of

revolutions between the outer race and the inner race of one-way clutch ¥ can be

- suppressed (made smaller). ~ Thus, occurrence of popping can be suppressed.

Consequently, damage to one—way clutch F can be suppressed. Here, since the normal ‘
gear-shlftmg control i 1s 1nh1b1ted it can be suppressed that a gear is determined based on
the output shaft revolutlon number NO that temporarily increases sharply. Thus, shift
to any gear in which the B2 brake is dlsenoaged can be suppressed Accordmgly, the
B2 brake is engaged prior to gear shifting, and occurrence. of popping can be suppressed
After B2 brake 3620 is engaged, instead of deterrmmng a gear to be
implemented based on the average NO (AVE) of the output shaft revolution number NO,
first gear may be maintained until the degree of change ANO by which the output shaft

Arevolutlon number NO changes in the predetermined time period decreases.

In this case, until the degree of change ANO by which the output shaft -
revolution number NO changes in the predetermined time period becomes equal to or ’
smaller than the threshold value ANO (2) _\'Vhich is smaller than the threshoid value ANO |
(1), first gear may be maintained in the state Whefe B2 brake 3620 is engaged. . |

When ;che degree of change ANO by which the output shaft revolution number
NO changes in the predetermined time period becomes equal to or smaller than the
threshold value ANO (2), the inhibition of the normal gear-shifting control under which
a gear to be implemented is determined based on the output shaft revolution number NO
may be canceled and B2 brake 3620 may be disengaged.

Further, in the case where a difference between the number of revolutions NO -
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(1) of the output shaft that is estimated by dividing the input shaft revolution number
NIN detectéd by input shaft speed sensor 8012 by the gear ratio ahd the number of
revolutions NO (2) of the output shaft that is detected by output shaft speed sensor
8014 (output shaft revolution number NO (2) — output shaft revolution number NO (1))
is larger than the threshold value N (0), the norrrllal gear-shifting control under which a

gear to be implemented is determined based on the output shaft revolution number NO

- may be inhibited and B2 brake 3620 may be engaged.

Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is not to
be taken by way of limitation, the spirit and scope of the present invention being limited

~ only by the terms of the appénded claims.
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CLAIMS

1. A control apparatus for an automatic transmission implementing a geaf by .
engagement of any of a plurality of frictional engagement elements (3610, 3620, 363 0,
3640, 3650), at least any one of gears to be implémented being implemgnted by '
engagement of a restraining member (3660) allowing rotation of an outer race and an
inner race with respect to each other in one direction and restraining rotation théreof in
the opposite direction, in addition to the engagemént of said frictional engagement
elements (3610, 3620, 3630, 3640, 3650), said control apparatus comprising:

a Sensing unit (8014) sensing the number of revolutions of an oufput shaft of said
automatic transmissioﬁ (200(5)'

| a ﬁrst control unit (8000) controlling, in the case where a degree of change by
Whlch the number of revolutions of said output shaft changes in a predetermined time
period is larger thar} a predetermined degree of change, said frictional engagement
elements (3610, 3620, 3630, 3640, 3650) so that a geélr is implemented that is different
from the gear implemented by the éngagement of said restraining membér (3660);

a second control unit (8000) controlling sa1d frictional engagement elements
(3610, 3620, 3630 3640, 3650) so that a gear is 1mplemented based on the number of
revolutions of said output shaft; and

an inhibiting unit (8000) inhibiting the control by said second control unit (8000)
in the case where said degree of change by which the number of revolutions of said
ou£put shaft changes in the predetermined time period is larger than the prédetermined

degree of change.

2. The control apparatus for the automatic transmissionAaccording to claim 1,
said control apparatus further comprising: .
a stopping unit stopping the control by said first control unit (8000), in the case

where said degree of change by which the number of revolutions of said output shaft
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changes in the predetermined time period is at most a degree of change smaller than said
predetermined degree of change under the condition that the control by said first control
unit (8000) is executed while the control by said second control unit (8000) is inhibited;
and |

a canceling unit canceling the inhibition of the control by said second control unit
(8000), in the case where said degree of change by which the number of revolutions of
said output shaft changes in the predetermined time period is at most the degree of
change smaller than said predetermined degree of change under the condition that the
control by said first eontfol unit (8000) is executed while the control by said second

control unit (8000) is inhibited.

3. A control apparatus for an automatic transmission (2000) implementing a
gear by engagement of any of a plurality of frictional engagement elements, at least any
one of gears to be 1mplemented being implemented by engagement of a restraining
member (3660) allowing rotation of an outer race and ‘an inner race with reépect to each.
other in one direction and restraining rotation thereof in the oppoeite direction, in
addition to the engagement of said frictional engagement elements (3610, 3620, 3630,
3640, , 3650), and a difference in number of revolutions between said outer race and sa1d
inner race being suppressed by engagement of at least any one of a plurality of said
frictional engagement elements (3610, 3620, 3630, 3640, 3650), said control apparatus
compnsmg |

a sensing unit (8014) sensing the number of revolutions of an output shaft of sa1d
automatic transmission (2000);

a first control unit (8000) controlling, in the case where a degree of ehange by
which the number of revolutions of said output shaft changes in a predetermined time
period is larger than a predetermined degree of change, said frictional engagement
elements (3610, 3620, 3630, 3640, 3650) so that the difference in number of revolutions

between said outer race and said-inner race is suppressed;
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a second control unit (8000) controlling said frictional engagement elements
(3610, 3620, 3630, 3640, 3650) so that a gear is implemented based on the number of
revolutions of said output shaft; and |

an inhibiting unit (8000) inhibiting the control by said second control unit (8000),

in the case where said degree of change by Wthh the number of revolutions of said

o output shaft changes in the predetermined time period is larger than the predetermined

degree of change.

4. " The control apparatus for the automatic transmission according to claim 3,
said control apparatus further comprising a third control unit-controlling, in the case
Where the control by sald second control unit (8000) is 1nh1b1ted said ﬁlcmonal
engagement elements (3610, 3620, 3630, 3640, 3650) so that a gear is implemented

‘based on an average of the number of revolutions of said output shaft in a predetermined

time period.

5. The control apparatus for the automatic transmission according to claim 3,
said control apparatus further comprising: ‘
‘ a stopping unit stopping the control by sa1d first control unit (8000), in the case .

where said degree of change by which the number of revolutions of said output shaft

~ changes in the predetermined time period is at most a degree of change smaller than said

predetermined degree of change under the condition that the control by said first control
umt (8000) is executed while the control by said ‘seco‘nd control unit (8000) is 'inhibited;
and . ) V ‘ |

a canceling unit canceling the inhibition of the control by said second control unit
(8000), in the case where said degree of change by which the number of revolutions of
said output shaft changes in the predetermined time period is at most the degree of
change smaller than said predetermined degree of change under the condition that the

control by said first control unit (8000) is executed while the control by said second
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control unit §8000) is inhibited.

. 6. A control apparatus for an automatic transmission implementing a gear by
engagement of any of a plurality of frictional engagement elements (3610, 3620, 3630,
3640, 3650), at least any one of gears to be implémented being implemented by
engagement of a restraining member (3660) allowing rotation of an outer race and an
inner race with respect to each other in one direction and restraining rotation thereof in
the opposite direction, in addition to the engagement of said frictional engagement
elements (3610, 3620, 3630, 3640, 3650), said control apparatus comprising:

sensing means (8014) for serising'the number of revolutions of an output shaft of -
said automatic transmission (ZOOO) ;

ﬁrs’; contrql means (8000) for controlling\, in the case where a degree of change
by which the number of revolutions of said output shaft changes in a predetermihed time
periqd 1s larger tha.n! a predetermined degree of change, said frictibnal engagement
elements (3610, 3620, 3630, 3640, 3650) so that a gealtr is implemented that is different
from the gear implemented by the ehgagement of said restraining member (3660);

second control means (8000) for controlling said frictional engagement elements |
(3'61Q,‘ 3620, 3630, 3640, 3650) so that a gear is implemented based on the number o.f |
revolutions of said output shaft; and | |

inhibiting means (8000) for inhibiting the control by said second control means
(8000), in the case where said degree of change by which the number of revolutions of
said output shaft changes in the predetermined time period is larger than thé

predetermined degree of change.

7. The control apparatus for the automatic transmission according to claim 6,
said control apparatus further comprising:
means for stopping the control by said first control means (8000), in the case -

where said degree of change by which the number of revolutions of said output shaft
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changes in t}}e predetermined time period is at most a degree of change smaller than said
predetermined degree of change under the condition that the control by said first control
means (8000) is executed while the control by said second control means (8000) is
inhibited; and

means for canceling the inhibition of the control by said second control means
(8000), in the case where said degree of ehange by which the number of revolutions of
said output shaft changes in the predetermined time period is at most the degree of
change smaller than said predetermined degree of change under the condition that the
control by said first control means (8000) is executed while the control by said second
control means (8000) is inhibited. |

8. A control apparatus for an automatic transmission (2000) implementing a
gear by engaoement of any of a plurality of frictional engagement elements, at least any
one of gears to be implemented being implemented by engagement of a restraining
menﬁber (3660) allot;ving rotati_ori of an outer race and an inner race with respect to each
other in one direction and restrainiﬁg rotation thereof in the opposite direction, in |
addition to the engagement of said frictional engagement elements (3610, 3620, 3630,
3'6’40,‘ 3650), and a difference in number of revolutions between said outer race and said
inner race betng suppressed by engagement of at least any one of a plurality of said
frictional engagement elements (3610, 3620, 3630, 3640, 3650), said control apparatus’
compnsmg '

sensing means (8014) for sensing the number of revolutlons of an output shaft of
said automatic transmission (2000);

first control means (8000) for controlling, in the case where a degree of change
by which the number of revolutions of said output shaft changes in a predetermined time
petiod is larger than a predetermined degree of chaﬁge, said frictional engagement

elements (3610, 3620, 3630, 3640, 3650) so that the difference in number of revolutions

- between said outer race and said inner race is suppressed,
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second control means (8000) for controlling said frictional engagement elements
(3610, 3620, 3630, 3640, 3650) so that a gear is implemented based on the number of
revolutions of said output shaft; and |
.inhibiting means (8000) for inhibiting the control by said second control means
(8000), in the case where said degree of change t;y which the number of revolutions of
said output shaft changes in the predetermined time period is larger than the

predetermined degree of change.

9. The control apparatus for the automatic transmission according to claim 8,

. said control apparatus further comprising means for controlling, in the case where the

control by said second control means (8000) is inhibited, said frictional engagement
elements (3610, 3620, 3630, 3640, 3650) so that a gear is implemented based on an

average of the number of revolutions of said output shaft in a predetermined time period.

10. The control apparatus for the automatic transmission according to claim 8,
said control apparatus further comprising: '

means for stopping the control by said first control means (8000), in the case N
Where sald degree of change by which the number of revolutions of said output shaft
changes in the predetermined time period is at most a degree of change smaller than said

predetermined degree of change under the condition that the control by said first control

- means (8000) is executed while the control by said second control means (8000) is

inhibited; and

means for canceling the inhibition of the control by said second coﬁtrol means
(8000), in the case where said degree of change by which the number of revolutions of
said output shaft changes in the predetermined time period is at most the degree of -
change smaller than said predetermined degree of change under the condition that the
control by said first control means (8000) is executed while the céntrol by said second

control means (8000) is inhibited.
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11. A control apparatus for an automatic transmission implementing a gear by
engagement of any of a plurality of frictional engagement elements (3610, 3620, 3630,
3640, 3650), at least any one of gears to be implemented being implemented by

-engagement of a one-way clutch (3660) allowing rotation of an outer race and an inner

race with respect to each other in one direction and restraining rotation thereof in the
opposite direction, in addition to the engagement of said frictional engagement elements
(3610, 3620, 3630, 3640, 3650), said control apparatus comprising:

an output shaft revolution number sensor (8014) sensing the number of
revolutions of an output shaft of said automatlc transmission (2000); and

an ECU (8000),

sald ECU (8000) controlling, in the case where a degree of change by whxch the
number of revolutions of said output shaft changes in a predetermined time period is
larger than a predeternlined degree of change, said frictional engagement telem‘ents (3610,
3620, 3630, 3640, 3650) so that a gear is implementect that is different frorn the gear
implemented by the engagement of ‘said one-way clutch (3660),

said ECU (8000) controlling said fnctlonal engagement elements (3610, 3620
3630 3640, 365 0) so that a gear is implemented based on the number of revolutions of :
said output shaft, and , ‘

“said ECU (8000) inhibiting the control by said ECU (8000) of said frictionat

engagement elements so that a gear is 1mplemented based on the number of revolutions -

- of sald output shaft, in the case where said degree of change by which the number of

revolutions of said output shaft changes in the predetermined time period is larger than

the predetermined degree of change.

12. A control apparatus for an automatic transmission (2000) implementing a A
gear by engagement of any of a plurality of frictional engagement elements, at least any

one of gears to be implemented being implemented by engagement of a one way clutch
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(3660) allovs\zing rotation of an outer race and an inner race with respeet to each other in
one direction and restraining rotation thereof in the opposite direction, in addition to the
engagement of said frictional engagement elements (3610, 3620, 3630, 3640, 3650), and
a difference in number of revolutions between said outer race and said inner race being
suppressed by engagement of at least any one ofa plurality of said frictional engagement
elements (3610, 3620, 3630, 3640, 3650); said control apparatus comprising:

an output shaft revolution number sensor (8014) sensing the number of |
refx)olutions of an output shaft of said automatic transmission (2000); and

an ECU (8000), , ‘
' said ECU (8000) controlling, in the case where a degree of change by which the
number of revolutions of said output shaft changes in a predetermined time period is
larger than a predetermmed degree of change said frictional engagement elements (3610
3620, 3630 3640, 3650) so that the difference in number of revolutlons betvveen sa1d
outer race and said i inner race is suppressed,

said ECU (8000) controlling said frictional engagement elements (3610 3620,

| 3630, 3640, 3650) so that a gear is 1mplemented based on the number of revolutions of

said output shaft, and

said ECU (8000) inhibiting the control by said ECU (8 000) of said fr1ct1ona1
engagement elements so that a gear is implemented based on the number of revolutions
of said output shaft, in the case where said degree of change by which the number of
revolutions ef said output shaft changes in the predetermined time period is larger than

the \predetermined degree of change.

13. A control method for an automatic transmission implementing a gear by
engagement of any of a plurality of frictional engagement elements, at least any one of
gears to be implemented being implemented by engagement of a restraining member
allowing rotation of an outer race and an inner race with respect to each other in one

direction and restraining rotation thereof in the opposite direction, in addition to the
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engagement ‘of said frictional engagement elements, said control method comprising the
steps of: |

. determining whether or not a degrée of change by which the number of
revolutions of an output shaft of said automatic transmission changes in a predétermined
time period is larger than a predetermined degree\ of change; and

inhibiting gear-shifting control under which a gear to be implemented is

determined based on the number of revolutions of said output shaft and éc;ntrolling said
frictional engagement elements so that a gear is implemented that is different from the
gear implemented by the engagement of said restraining member, in the case where it is
determined that said degree of change by which the number of revolutions of said output -
shaft changes in the prédeterrhined time period is larger than said predetermined degrée

of @hange.

14. The control method for the automatic transrmssmn accordmg to claim 13,
further comprising the steps of: |

determining, when the gear-shifting control under which a gear to be
implemented is determined based on the number of revolutions of said output shaft is

mhlblted and said frictional engagement elements are controlled so that a gear is

implemented that is different from the gear implemented by the engagement of said

restraining member, whether or not said degree of change by which the number of .
revolutions of said output shaft changes in the predétefmined time period is at most a
deéree of change smaller than said predetermined degree of change; and

canceling the inhibition of the gear-shifting control under which a gear to be
implemented is determined based on the number of re;/olutions of'said outpﬁt shaft, in
the case where it is determined that said Vdegree of change by which the number of
revolutions of said output shaft changes in the predetermined time period is at most a
degree of change smaller-than said predetermined degree of change, when the gear-

shifting control under which a gear to be implemented is determined based on the
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number of revolutions of said output shaft is inhibited and said frictional engagement
elements are controlled so that a gear is implemented that is different from the gear

implemented by the engagement of said reétraining member.

15. A control method for an automatic t\reynsmission implementing a gear by
engagement of any of a pluralify of frictional engagement elemehts, at least any one of
gears to be implemented being implemented by engagement of a restraihing‘meﬁiber
aliowing rotation of an outer race and an inner race with respect to each other in one
direction and restraining rotation thereof in the opposite direction, in addition to the
engagement of said frictional engagement elements, and a difference in number of

revolutions between said outer race and said inner race being suppressed by engagement

- of at least any one of a plurality of said frictional engagement elements, said cohtroi

method comprising the steps of:

deterrmmng Whether ornota degree of change by Whlch the number of
revolutlons of an output shaft of said automatic transmission changes in a predeternuned
t1me period is larger than a predetermined degree of change; and

inhibiting gear-shifting control under which a gear to be implemented is
deternﬁned baséd on the number of revolutions of said output shaft and controlling sald
frictional,engégement elements so that the difference in number of revoiutions between

said outer race and said inner race is suppressed, in the case where it is determined that

 said degree of change by which the number of revolutions of said output shaft changes

in the predetermined time period is larger than said predetermmed degree of change.

16. The control method for the automatic transmission according to claim 15,
further comprising the step of executing gear-shifting control under which a gear to be
implemented is determined based on an average of the number of revolutions of said
output shaft in a predetermined time period, in the case where the gear-shifting control .

under which a gear to be implemented is determined based on the number of revolutions
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of said output shaft is inhibited.

17. The control method for the aﬁtomatic transmission according to claim 15,
further comprising the steps of: -

determining, when the gear-shifting control under which a gear to be
implemented is determined based on the number of revolutions of said oﬁtput shaft is
inhibited and said frictional engagement elements are controlled so that the difference in
number of revolutions between said outer race and said inner race is suppressed,
whether or not said degree of change by which the number of revolutions of said output
shaft changes in the predetermined time period is at most a degree of change smaller -
than said 'predeterminé‘d degrée of change; and

stoppiﬁg tl}'e control of said frictional engagement elements for suppfessing the
difference in number of revolutions between said outer race and said inner race and
canceling the inhibition of the gear-shifting control under which d gear to be
implemented is determined based on the number of revolutions of said outpﬁt shaft, in
the case where it is determined that'said degree of change by which the number of
revolutions of said output shaft changes in the predetermined time period is at most a
degree of changé smaller than said predetermined degree of change, when the gear- -

shifting control under which a gear to be implemented is determined based on the

" number of revolutions of said output shaft is inhibited and said frictional engagement

elements are controlled so that the difference in humber of revolutions between said

outer race and said inner race is suppressed.
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FIG. 3
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FIG. 6
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