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AUTOMATIC TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an automatic transmission

2. Description of Related Art
[0002] In recent years, the number of speeds or geatigusiof an automatic

transmissions installed on a vehicle has been asang, for improvement of the fuel
efficiency of the vehicle. For example, an autdm&tansmission disclosed in Japanese
Unexamined Patent Application Publication No. 5288 (JP 5-288249 A) includes a
main transmission having two planetary gear medmasi and an auxiliary transmission
having one planetary gear mechanism and disposexhaxis different from that of the
main transmission. The automatic transmission $oionward first-speed gear position to
forward sixth-speed gear position, and a reverse gesition, by selectively engaging or

releasing frictional engagement elements, sucluéshes and brakes.

SUMMARY OF THE INVENTION

[0003] However, in the automatic transmission disclosedR 5-288249 A, one
of the planetary gear mechanisms of the main tresssom, and the planetary gear
mechanism of the auxiliary transmission, are alignith each other in a radial direction,
and the radial size of the automatic transmisssoméreased, thus making it difficult to
reduce the size of the automatic transmission.

[0004] This invention provide an automatic transmissiuat is reduced in size.

[0005] One aspect of the invention is concerned with @oraatic transmission.
The automatic transmission includes a main trarsoms including a plurality of
main-transmission-side planetary gear mechanisntsaa auxiliary transmission having a

rotational axis that is different from a rotatioratis of the main transmission. The
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auxiliary transmission includes an auxiliary-tramssion-side planetary gear mechanism, a
first clutch, and a second clutch. The auxiliagnasmission-side planetary gear
mechanism includes a sun gear, a ring gear coefijtw receive power from the main
transmission, and a carrier configured to delivehe t power. The
auxiliary-transmission-side planetary gear mechmanis provided between a pair of
main-transmission-side planetary gear mechanismdudad in the plurality of
main-transmission-side planetary gear mechanismdamated adjacent to each other in a
direction of the rotational axis of the main tramssion, and a part of the
auxiliary-transmission-side planetary gear mechanis located within the main
transmission. The first clutch is configured toethsun gear of the
auxiliary-transmission-side planetary gear mechmanisThe second clutch is configured
to connect the ring gear with the sun gear.

[0006] With the above arrangement, the radial size ofatinéliary transmission
can be reduced, as compared with the case wheredinetransmission-side planetary
gear mechanism and the auxiliary-transmission-gideetary gear mechanism are aligned
with each other, and a part of the auxiliary-traission-side planetary gear mechanism is
not located within the main transmission. Accoglin the size of the automatic
transmission can be reduced.

[0007] In the automatic transmission, the auxiliary-traission-side planetary
gear mechanism may be located between a countempgé&aand a final gear pair in the
direction of the rotational axis of the auxiliarghsmission.

[0008] With the above arrangement, it is possible to sspace for a power
transmission path from the counter gear pair to firal gear pair via the
auxiliary-transmission-side planetary gear mechmanis

[0009] The automatic transmission may further include aaviHigh switching
mechanism configured to switch the auxiliary traission between a Low mode and a
High mode, by selectively releasing the first ctuénd the second clutch. The Low-High
switching mechanism may be configured to switchabgiliary transmission between the

Low mode and the High mode when a gear positiothefautomatic transmission is a
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6th-speed gear position. The gear position ofai®matic transmission may be set to
one gear position selected from 1st-speed to Gtedsmear positions when the auxiliary
transmission is in the Low mode, and may be sebrte gear position selected from
6th-speed to 10th-speed gear positions when thdiaayxtransmission is in the High
mode.

[0010] With the above arrangement, it is possible toizea ten-speed automatic
transmission, while reducing the size of the autmrieansmission.

[0011] In the automatic transmission, the main transmiissiay be configured to
set one of a forward 1st-speed gear position toradrd 8th-speed gear position, and a
reverse gear position, as a gear position.

[0012]  With the above arrangement, it is possible toizeahn eight-speed
automatic transmission, while reducing the sizéhefautomatic transmission.

[0013] The automatic transmission may further include aaviHigh switching
mechanism configured to switch the auxiliary trarssion between a Low mode and a
High mode, by selectively releasing the first ctuénd the second clutch. The Low-High
switching mechanism may be configured to altergasglitch the auxiliary transmission
between the Low mode and the High mode, so asifivpasgear position of the automatic
transmission to an adjacent gear position.

[0014] With the above arrangement, the size of the anyiiransmission-side
planetary gear mechanism is less likely or unlikelybe increased, and it is possible to
shift the automatic transmission, without largelyiasging the gear ratio in the
auxiliary-transmission-side planetary gear mechmanis

[0015] In the automatic transmission, each of the filstchh and the second
clutch may be a dog clutch.

[0016] With the above arrangement, it is possible to cedudragging loss, which
could arise when the first clutch and the secondatchl are provided by frictional
engagement elements.

[0017] The automatic transmission may further include eectric actuator

configured to switch the dog clutch between an gadastate and a released state.
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[0018] With the above arrangement, no current needs tpassed through the
electric actuator, except when switching operatperformed to engage or release the

dog clutch. Therefore, saving of energy can béexell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Features, advantages, and technical and indussighificance of
exemplary embodiments of the invention will be désd below with reference to the
accompanying drawings, in which like numerals deriée elements, and wherein:

FIG. 1 is a skeleton diagram of a vehicle inclgdian automatic transmission
according to one embodiment;

FIG. 2 is an enlarged view of an auxiliary transsion when it is in a Low mode;

FIG. 3 is an enlarged view of the auxiliary tramsion when it is in a High mode;
and

FIG. 4 is a nomographic chart of a fourth planetgrar mechanism.

DETAILED DESCRIPTION OF EMBODIMENTS

[0020] An automatic transmission as a first embodimenthefinvention will be
described. It is to be understood that the ineenis not limited to this embodiment.

[0021] FIG. 1 is a skeleton diagram of a vehicle 1 inahgdian automatic
transmission 3 according to the embodiment. Thecle 1 of this embodiment is an FF
(front-engine, front-drive) type vehicle, and ind&s an engine 2, automatic transmission 3,
front wheels 4L, 4R, and so forth. The vehicle 4yrbbe an RR (rear-engine, rear-drive)
type vehicle.

[0022] The automatic transmission 3 includes an inputtst@ftorque converter
11, lock-up clutch 12, main transmission 20, aarylitransmission 30, differential unit 50,
a case 5 that houses these components, and so fdittle input shaft 10 is coupled to a
crankshaft (not shown) of the engine 2. The torcueverter 11 has a pump impeller 11a

connected to the input shaft 10, a turbine runridy tb which rotation of the pump
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impeller 11a is transmitted via oil as a workingidl, and a stator 11c that is disposed
between the pump impeller 11a and the turbine nurdrid such that its rotation is
restricted to one direction by a one-way clutcht (slwown). The turbine runner 11b is
connected to an input shaft 21 of the main transions20, which has the same axis as the
input shaft 10. The lock-up clutch 12 directly ptas a front cover 12a with the input
shaft 21 when it is engaged, so as to place tlggi¢oconverter 11 in a locked-up state.

[0023] The main transmission 20 is a planetary gear typhisspeed automatic
transmission that forms a plurality of gear posisiohaving different speed ratios, by
selectively engaging or releasing first clutch @1faurth clutch C4, first brake B1 and
second brake B2, and a one-way clutch F1, as alpjuof frictional engagement elements.
The main transmission 20 also has a double-pinype first planetary gear mechanism
PU1, and a single-pinion type second planetary gesthanism PU2 and a double-pinion
type third planetary gear mechanism PU3 that cueta Ravignawx type planetary gear
train, such that these planetary gear mechanisms PU2, PU3 are arranged on the same
axis. The main transmission 20 is operable to gbahe speed of rotation of the input
shaft 21, and deliver the rotation from a countéredgear 22. The counter drive gear 22
is connected to the differential unit 50 via theibary transmission 30.

[0024] The first planetary gear mechanism PULl has a $ust gear S1 as an
externally toothed gear, a first ring gear R1 asimernally toothed gear disposed
concentrically with the first sun gear S1, firshipn gears P1 comprised of a pair of gear
pairs, which mesh with the first sun gear S1 amdfitst ring gear R1, and a first carrier
CA1 that supports the first pinion gears P1 sucht tihe gears Pl can rotate about
themselves and about the axis of the first plagegaar mechanism PU1.

[0025] The second planetary gear mechanism PU2 has adseuan gear S2 as an
externally toothed gear, a second ring gear R2naiternally toothed gear disposed
concentrically with the second sun gear S2, seqonibn gears P2 that mesh with the
second sun gear S2 and the second ring gear R aadond carrier CA2 that supports
the second pinion gears P2 such that the gearaP2otate about themselves and about

the axis of the second planetary gear mechanism PU2
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[0026] The third planetary gear mechanism PU3 has a gurdgear S3 as an
externally toothed gear, a third ring gear R3 asirdarnally toothed gear disposed
concentrically with the third sun gear S3, thirdiph gears P3 comprised of a pair of gear
pairs, which mesh with the third sun gear S3 aedthird ring gear R3, and a third carrier
CAS3 that supports the third pinion gears P3 sudt the gears P3 can rotate about
themselves and about the axis of the third plapefear mechanism PU3.

[0027] The first clutch C1 to fourth clutch C4, first kemB1, and the second
brake B2 as the frictional engagement elementsirarhe form of wet multiple disc
clutches or brakes that are pressed by hydrauii@tars, band brakes that are tightened by
hydraulic actuators, or the like.

[0028] The auxiliary transmission 30 consists of a cowghtaft 31 parallel to the
input shaft 21 of the main transmission 20, a ceudtiven gear 32 that meshes with the
counter drive gear 22 of the main transmissiona2f@urth planetary gear mechanism PU4
provided on the same axis as the countershaft BhwaHigh switching mechanism 40, a
final drive gear 33, and so forth. Rotation whibh counter driven gear 32 receives from
the counter drive gear 22 of the main transmis&idis transmitted to the final drive gear
33, via the countershaft 31 and the fourth playegear mechanism PU4. The final drive
gear 33 meshes with a final driven gear 51 of tifterdntial unit 50, and rotation
transmitted from the final drive gear 33 to theafidriven gear 51 is delivered to axles 60L,
60R of the front wheels 4L, 4R, via a differentjelar 52.

[0029] In the automatic transmission 3 according to thimbodiment, the
auxiliary transmission 30 and the main transmis@0rare provided on different axes, so
that the width of the automatic transmission 3hia tirection of the rotational axis (axial
direction) can be reduced, as compared with the wdere the main transmission 20 and
the auxiliary transmission 30 are provided on e axis.

[0030] FIG. 2 is an enlarged view of the auxiliary tramssion 30 when it is in a
Low mode. FIG. 3 is an enlarged view of the aaxjlitransmission 30 when it is in a
High mode. As shown in FIG. 2 and FIG. 3, the foylanetary gear mechanism PU4

that constitutes the auxiliary transmission 30 adeurth sun gear S4, a fourth ring gear
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R4 as an internally toothed gear disposed concatiyriwith the fourth sun gear S4, fourth
pinion gears P4 comprised of a pair of gear paitsch mesh with the fourth sun gear S4
and the fourth ring gear R4, and a fourth carriad@hat supports the fourth pinion gears
P4 such that the gears P4 can rotate about theessalwd about the axis of the fourth
planetary gear mechanism PU4. The counter drivear @2 is provided on an outer
circumferential surface of the fourth ring gear R4.

[0031] The fourth sun gear S4 is an externally toothear dkat is formed by
directly cutting teeth into an outer circumferehsarface of the countershaft 31. With
the fourth sun gear S4 thus formed by directlyiogtteeth into the outer circumferential
surface of the countershaft 31, the outside diameftehe fourth sun gear S4 can be
reduced, as compared with the case where the feurthgear S4 is provided separately
from the countershaft 31. As the outside diamef¢he fourth sun gear S4 is smaller, the
radial dimension of the fourth planetary gear medm PU4 can be reduced, and the
radial size of the auxiliary transmission 30 carrdsuced. Consequently, the size of the
automatic transmission 3 can be reduced accordingly

[0032] In the automatic transmission 3 according to émdbodiment, the fourth
planetary gear mechanism PU4 of the auxiliary rassion 30 is provided between the
first planetary gear mechanism PU1 and the sectamgtary gear mechanism PU2 located
adjacent to each other in the direction of thetimtal axis (the axial direction) of the main
transmission 20, such that a part of the fourtimgtiary gear mechanism PU4 as viewed in
radial directions is located within the main tramssion 20, as shown in FIG. 1.  With this
arrangement, the first planetary gear mechanism, PAid second planetary gear
mechanism PU2 or third planetary gear mechanism BUBe main transmission 20
radially overlap with the fourth planetary gear mmagism PU4 of the auxiliary
transmission 30, and the radial size of the auyilisansmission 30 can be reduced, as
compared with the case where a part of the fouldimgbary gear mechanism PU4 as
viewed in radial directions is not located withiretmain transmission 20. Consequently,
the size of the automatic transmission 3 can becesdiaccordingly.

[0033] The fourth planetary gear mechanism PU4 is locatteveen a counter
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gear pair CG and a final gear pair FG, in the dioecof the rotational axis (axial direction)
of the auxiliary transmission 30. The counter gear CG consists of the counter drive
gear 22 and the counter driven gear 32, and sdéoveasinsmit power between the main
transmission 20 and the auxiliary transmission 3Dhe final gear pair FG consists of the
final drive gear 33 and the final driven gear 5id @erves to transmit power between the
auxiliary transmission 30 and the differential udi®. With this arrangement, it is
possible to save space for a power transmissidnfpatn the counter gear pair CG to the
final gear pair FG via the fourth planetary geachanism PU4.

[0034] A radial end portion of the counter driven gear88ich is opposite to the
counter drive gear 22, is in contact with an ouiecumferential surface of a bearing 34
that rotatably supports the countershaft 31. Wftis arrangement, when rotation is
received from the counter drive gear 22, radiatéoapplied to the counter driven gear 32
can be received by the bearing 34. Accordinglypss in power transmission is less
likely or unlikely to arise, due to inclination dtie counter driven gear 32 relative to the
axial direction, for example.

[0035] The Low-High switching mechanism 40 consists d¢ifst dog clutch D1,

a second dog clutch D2, an electric actuator 48,sanforth, and is operable to switch the
auxiliary transmission 30 between a Low mode andigh mode. In this embodiment,

the electric actuator 43 is provided on an axifed#int from that of the countershaft 31 of
the auxiliary transmission 30 as an auxiliary axs, that the size of the auxiliary

transmission 30 in the axial direction is reduceHlowever, the position at which the

electric actuator 43 is provided is not limitedthis position. For example, the electric
actuator 43 may be provided on the same axis asoilnatershaft 31.

[0036] The first dog clutch D1 consists of a clutch skedd, shift fork 42, first
dog teeth 44, third dog teeth 46, and so forth.

[0037] The first dog teeth 44 are connected to the casa & support member 47.
The first dog teeth 44 are external teeth thatrpdet radially outward, and the tooth trace
extends in the axial direction of the countershaifthe first dog teeth 44 and the third dog

teeth 46 are located adjacent to each other, $uaththe first dog teeth 44 are located on
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one side of the third dog teeth 46 opposite toftlweth planetary gear mechanism PU4 in
the axial direction of the countershaft, and stz of the dog teeth 44, 46 are opposed to
each other, while the outside diameters of the fiog) teeth 44 and the third dog teeth 46
are equal to each other.

[0038] The third dog teeth 46 are connected to the cosimidt 31 via a support
member 49. The third dog teeth 46 are externsh tiwat protrude radially outward, and
the tooth trace extends in the axial directionhef tountershatft.

[0039] The clutch sleeve 41 has fourth dog teeth (notvehohat engage with the
first dog teeth 44 and the third dog teeth 46. Tdwth dog teeth are internal teeth
located at the inner periphery of the clutch sleé¥eand the tooth trace extends in the
axial direction of the countershaft. A groove pmt4la is provided in an outer
circumferential surface of the clutch sleeve 4¥xtend in the circumferential direction,
and a distal end portion 42a of the shift fork g2lidably fitted in the groove portion 41a.
The shift fork 42 has a proximal end portion 42&d to a shaft of the electric actuator 43.
With drive force applied from the electric actua#8 via the shift fork 42, the clutch
sleeve 41 moves in the axial direction of the cetsitaft.

[0040] The first dog clutch D1 can be switched betweenemgaged state in
which the fourth dog teeth of the clutch sleeveeA@age with the first dog teeth 44 and the
third dog teeth 46, and a released state in wiieHdurth dog teeth engage with the third
dog teeth 46 but do not engage with the first degtht 44. Then, when the first dog
clutch D1 is in the engaged state, the fourth sar &4 provided on the countershaft 31 is
non-rotatably fixed, and differential rotation dfet fourth ring gear R4 and the fourth
carrier CA4 is permitted. With this arrangemerst,shown in the nomographic chart of
FIG. 4, the fourth planetary gear mechanism PUglased in a speed reduction state in
which input rotation of the fourth ring gear R4 ssbjected to speed reduction and
transmitted to the fourth carrier CA4, and thenwdged to the final drive gear 33.

[0041] The second dog clutch D2 consists of the cluteleva& 41, shift fork 42
and the third dog teeth 46, which are shared byfiteedog clutch D1, and second dog
teeth 45, etc.
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[0042] The second dog teeth 45 are connected to thehfoung gear R4 via a
support member 48. The second dog teeth 45 asFnaktiteeth that protrude radially
outward, and the tooth trace extends in the axiattion of the countershaft. The second
dog teeth 45 are opposed to the first dog teetim 4de axial direction of the countershatft,
such that the third dog teeth 46 is interposecetietiveen. The second dog teeth 45 and
the third dog teeth 46 are located adjacent to edbbr in the axial direction of the
countershaft, such that side faces of the dog #&tld6 are opposed to each other, and the
outside diameters of the second dog teeth 45 anthtid dog teeth 46 are equal to each
other.

[0043] The second dog clutch D2 can be switched betweesngaged state in
which the fourth dog teeth of the clutch sleeveed@iage with the second dog teeth 45 and
the third dog teeth 46, and a released state ichniie fourth dog teeth engage with the
third dog teeth 46 but do not engage with the séodmg teeth 45. Then, when the
second dog clutch D2 is in the engaged state, dhef sun gear S4 provided on the
countershaft 31 is connected to the fourth ring & and the fourth ring gear R4, fourth
sun gear S4, and the fourth carrier CA4 integnadtate as a unit.  With this arrangement,
as shown in the nomographic chart of FIG. 4, thetfoplanetary gear mechanism PU4 is
placed in a direct coupling state in which inputaton of the fourth ring gear R4 is
transmitted to the fourth carrier CA4 at an equues!, and is delivered to the final drive
gear 33.

[0044] The Low-High switching mechanism 40 causes theteteactuator 43 to
move the shift fork 42, so as to place the firg dlutch D1 in the engaged state, and place
the second dog clutch D2 in the released stateghiigo switch the auxiliary transmission
30 to the Low mode. Also, the Low-High switchingechanism 40 causes the electric
actuator 43 to move the shift fork 42, so as te@ltde first dog clutch D1 in the released
state, and place the second dog clutch D2 in tigaged state, thereby to switch the
auxiliary transmission 30 to the High mode. Thectic actuator 43 moves the shift fork
42 when electric current is passed through theatmtut3, and keeps the position of the

shift fork 42 when no current is passed throughatteator 43. Therefore, when the shift
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fork 42 is kept at a position where the first ddgtch D1 or the second dog clutch D2 is
placed in the engaged state, no current is paksedgh the electric actuator 43; therefore,
saving of energy can be achieved.

[0045] In the Low-High switching mechanism 40, the aaxili transmission 30 is
arranged to be switched between the Low mode amdfihph mode, by means of the first
dog clutch D1 and the second dog clutch D2 as engadutches. With this arrangement,
it is possible to reduce a dragging loss, which ld@rise in the case where clutches for
switching the auxiliary transmission 30 between ltbe&v mode and the High mode are in
the form of frictional engagement elements.

[0046] In the automatic transmission 3 according to thlsmbodiment,
engagement and release of the first clutch C1 wettioclutch C4, first brake B1, second
brake B2, first dog clutch D1, and the second datek D2 are controlled, so that “1st” to
“10th” as forward gear positions and “Rev” as aeme gear position are formed, as
indicated in an engagement table of TABLE 1 belegording to the accelerator operation

of the driver, vehicle speed, etc.

[0047]
TABLE 1
GEAR CLUTCH BRAKE
POSITION C1 C2 C3 C4 B1 B2
1si engage |release |release |release |release |engage
2nc engage |release |release |release |engage |release
3rd engaged | released engaged released releasedaseckle
4th engaged | released released engaged releasedaserkle
5th engaged | engaged released released releasedaseckle
6th released engaged released engaged releasedaserkle
engage |release |release |engage |release |release
7th engage |engage |release |release |release |release
8th release | engage |release |engage |release |release
9th released | engaged engaged released releasedaserkle
10th released | engaged released released engpgedasect!
Rev released releasefd engaged released relepsechgedng
GEAR DOG CLUTCH
POSITION D1 D2
1s engage |release
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2nc engage |release
3rd engaged | released
4th engaged | released
5th engaged | released
6th engaged | released

released | engaged
7th release | engage
8th release | engage
9th released engaged
10th released engaged
Rev engaged | released

[0048] As is understood from TABLE 1, in the automati@nsmission 3
according to this embodiment, the auxiliary trarssign 30 is set to be able to form the
6th-speed gear position “6th” in both the Low maaled the High mode. Then, as
indicated in the engagement table of TABLE 1 ab@agh of the 1st-speed to 6th-speed
gear positions “1st” to “6th” is formed with thexaliary transmission 30 fixed in the Low
mode, and each of the 6th-speed to 10th-speedpgs#tions “6th” to “10th” is formed
with the auxiliary transmission 30 switched frone thow mode to the High mode and
fixed in the High mode.

[0049] Also, the Low-High required ratio of the fourthapktary gear mechanism
PU4 provided in the auxiliary transmission 30 ighe range of 0.90 to 1.50; therefore, the
size of the fourth planetary gear mechanism PU4beareduced. Thus, in the automatic
transmission 3 according to this embodiment, ascatdd in TABLE 2 below, the
Low-High required ratio of the fourth planetary ge@echanism PU4 is set to 1.49, so that
the size of the fourth planetary gear mechanism BWdduced, and, consequently, the size
of the automatic transmission 3 is reduced.

[0050]
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TABLE 2
AUXILIARY TRANSMISSION LOW | HIGH
LOW-HIGH REQUIRED RATIC 1.4¢
SPREAL 12.2¢
1st 5.52
2nd 3.18
3rd 2.05
4th 1.49
5th 1.24
6th 1.0C 1.0C
7th 0.8
8th 0.67
9th 0.54
10th 0.45

[005]] An automatic transmission as a second embodinfetfieoinvention will
be described. The basic configuration of the aat@mmtransmission according to this
embodiment is substantially identical with thattlié automatic transmission 3 according
to the first embodiment, and thus will not be ddmd herein. The automatic
transmission 3 according to the second embodimast Ist-speed to 16th-speed gear
positions “1st” to “16th” as forward gear positiorend reverse gear positions “Revl”,
“‘Rev2”.

[0052] In the main transmission 20 provided in the autienaansmission 3
according to this embodiment, engagement and ele&ghe first clutch C1 to fourth
clutch C4, first brake B1, and the second brakeaB2controlled, so that each of forward
1st-speed to 8th-speed gear positions and a regeeseposition is formed, as indicated in
an engagement table of TABLE 3 below, accordingh® accelerator operation of the
driver, vehicle speed, etc.

[0053]
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TABLE 3

GEAR CLUTCH BRAKE
POSITION C1 C2 C3 C4 Bl B2
FORWARD 1s | engage |release |release |release |release |engage
FORWARD 2n( | engage |release | release |release |engage |release
FORWARD 3rd| engaged| released engaged released sedleareleased
FORWARD 4th| engaged released released engaged sedlgareleased
FORWARD 5th| engaged, engaged released released sedlgareleased
FORWARD 6th| released| engaged released engaged sedlgareleased
FORWARD 7tt | release | engage | engage |release |release |release
FORWARD 8tt | release | engage |release |release |engage |release
REVERSE release |release | engage |release |release |engage

[0054] Also, in the automatic transmission 3 accordinghis embodiment, as

indicated in TABLE 4 below, the 1st-speed to 16tked gear positions “1st” to “16th” are
sequentially formed, by sequentially switching thain transmission 20 from the forward
1st-speed gear position to the forward 8th-speeitipn, while alternately switching the
auxiliary transmission 30 between the Low mode #re High mode by means of the
Low-High switching mechanism 40. For example, *list formed with the forward
1st-speed gear position and the Low mode, and “Bnhtrmed with the forward 1st-speed
gear position and the High mode, while “3rd” isrf@d with the forward 2nd-speed gear
position and the Low mode, and “4th” is formed wiitle forward 2nd-speed gear position
and the High mode. Also, in the automatic transiais 3, each of the gear positions
“Revl” and “Rev2” is formed by placing the mainrtsaission 20 in the reverse gear
position, and switching the auxiliary transmissRihbetween the Low mode and the High
mode.

[0055]
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TABLE 4

GEAR CLUTCH BRAKE
POSITION C1 C2 C3 C4 B1 B2
1si engage |release |release |release |release |engage
2nc engage |release |release |release |release |engage
3rd engaged | released released released engagedaserkle
4th engaged | released released released engagedaserkle
5th engaged | released engaged released releasedaserkle
6th engaged | released engaged released releasedaserkle
7th engage |release |release |engage |release |release
8th engage |release |release |engage |release |release
9th engage |engage |release |release |release |release
10th engaged | engaged released released relepsedasect!
11th released | engaged released engaged relepsedasect!
12th released | engaged released engaged relepsedasecd!
13th released | engaged engaged released relepsedasecd!
14tk release | engage |engage |release |release |release
15tk release | engage |release |release |engage |release
16tF release | engage |release |release |engage | release
Revl released released engaged released releaseghgedn
Rev2 released released engaged released releaseghgedn
GEAR DOG CLUTCH
POSITION D1 D2

1st engaged | released

2nc release | engage

3rd engage | release

4th released engaged

5th engaged | released

6th released engaged

7th engaged | released

8th released engaged

9th engage | release

10tk release | engage

11th engaged | released

12th released | engaged

13th engaged | released

14th released | engaged

15th engaged | released

16tF release | engage

Revl engage | release

Rev2 released | engaged

[0056] As a method of shifting the automatic transmissb@among the gear
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positions “1st” to “16th”, it may be consideredftom each of the gear positions “1st” to
“8th”, by sequentially switching the main transnss20 from the forward 1st-speed gear
position to the forward 8th-speed gear positionijevblacing the auxiliary transmission 30
in the Low mode, and form each of the gear posititBth” to “16th”, by sequentially
switching the main transmission 20 from the forwdrst-speed gear position to the
forward 8th-speed gear position, while placing #uiliary transmission 30 in the High
mode. However, in order to implement this shiftimgethod, it is necessary to
significantly reduce the speed of rotation in tbarth planetary gear mechanism PU4 of
the auxiliary transmission 30. As a result, theesof the fourth planetary gear
mechanism PU4 is increased, which makes it difficwireduce the size of the automatic
transmission 3.

[0057] For example, as indicated in TABLE 5 below, whdre tautomatic
transmission 3 is shifted from “8th” (forward 1gte®d + Low mode) to “9th” (forward
1st-speed + High mode), the gear ratio must begdgthifrom 5.52 to 0.62 in the fourth
planetary gear mechanism PU4 of the auxiliary trassion 30. In this case, the
Low-High required ratio required of the fourth ptaary gear mechanism PU4 is equal to

0.11, resulting in increase in the size of the tioptanetary gear mechanism PU4.

[0058]
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TABLE 5
AUXILIARY TRANSMISSION LOW | HIGH
LOW-HIGH REQUIRED RATIC 0.11
SPREAL 73.9¢

1st 5.52
2nd 3.18
3rd 2.05
4th 1.49
5th 1.24
6th 1.0C
7th 0.8(
8th 0.67
9th 0.62
10th 0.35
11th 0.23
12th 0.17
13tF 0.1<
14tF 0.11
15tk 0.0¢
16th 0.08

[0059] Therefore, in the automatic transmission 3 acogrdo this embodiment,
as indicated in TABLE 6 below, the Low-High requireatio of the fourth planetary gear
5 mechanism PU4 is set to 0.90. so that the fourimgihry gear mechanism PU4 is less
likely or unlikely to be large-sized.

[0060]
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TABLE 6
AUXILIARY TRANSMISSION LOW | HIGH
LOW-HIGH REQUIRED RATIC 0.9C
SPREAL 9.11

1st 5.52
2nd 4.97
3rd 3.18
4th 2.87
5th 2.05
6th 1.8¢
7th 1.4¢
8th 1.34
9th 1.24
10th 111
11th 1.00
12th 0.90
13tF 0.8C
14tF 0.72
15tk 0.67
16th 0.61

[0061] In this connection, if the fourth planetary geaeaimanism PU4 that is
small-sized such that the Low-High required ratidhe fourth planetary gear mechanism
PU4 is equal to 0.90 is used, the gear ratio cabedargely changed even if the auxiliary
transmission 30 is switched between the Low modethe High mode by means of the
Low-High switching mechanism 40. On the other hahthe Low-High required ratio of
the fourth planetary gear mechanism PU4 is in #rge of 0.90 to 1.50, the method of
sequentially shifting the automatic transmissiorto3an adjacent gear position while
switching the auxiliary transmission 30 to the Higmode and fixing the auxiliary
transmission 30 in the High mode, after sequewtgtiifting it to an adjacent gear position
while fixing the auxiliary transmission 30 in thew mode, and the method of shifting the
transmission 3 to an adjacent gear position whiterrmately switching the auxiliary
transmission 30 between the Low mode and the Higtlancan be selected, depending on
the number of the gear positions possessed bytbenatic transmission 3. Therefore, as
indicated in TABLE 6 above, for example, when tlhioanatic transmission 3 according to

this embodiment is shifted to an adjacent geartiposithe auxiliary transmission 30 is
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alternately switched between the Low mode and tigh Hnode, using the Low-High
switching mechanism 40. Thus, it is possible tdtdhe automatic transmission 3,

without significantly changing the gear ratio irtftourth planetary gear mechanism PU4.
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CLAIMS:

1. An automatic transmission (3) characterizeddayprising:

a main transmission (20) including a plurality mfin-transmission-side planetary
gear mechanisms (PU1, PU2, PU3); and

an auxiliary transmission (30) having a rotatiorais that is different from a
rotational axis of the main transmission (20), #uiliary transmission (30) including an
auxiliary-transmission-side planetary gear mechan{pU4), a first clutch (D1), and a
second clutch (D2),

the auxiliary-transmission-side planetary gear rmegm (PU4) including a sun gear
(S4), a ring gear (R4) configured to receive pofsem the main transmission (20), and a
carrier (CA4) configured to deliver the power,

the auxiliary-transmission-side planetary gear rme@m (PU4) being provided
between a pair of main-transmission-side plane@egr mechanisms included in the
plurality of main-transmission-side planetary geaechanisms (PUl, PU2, PU3) and
located adjacent to each other in a direction efrttational axis of the main transmission
(20), and a part of the auxiliary-transmission-gudenetary gear mechanism (PU4) being
located within the main transmission (20),

the first clutch (D1) being configured to fix theurs gear (S4) of the
auxiliary-transmission-side planetary gear mechmr{iBU4), and

the second clutch (D2) being configured to connietring gear (R4) with the sun
gear (S4).

2. The automatic transmission (3) according toxcth, wherein
the auxiliary-transmission-side planetary gear rme@m (PU4) is located between a
counter gear pair (CG) and a final gear pair (FCbhie direction of the rotational axis of

the auxiliary transmission (30).

3. The automatic transmission (3) according tarcthor 2, further comprising
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a Low-High switching mechanism (40) configured twitsh the auxiliary
transmission (30) between a Low mode and a Highenby selectively releasing the first
clutch (D1) and the second clutch (D2), the Low{HEwitching mechanism (40) being
configured to switch the auxiliary transmission)(8@tween the Low mode and the High
mode when a gear position of the automatic trarsons(3) is a 6th-speed gear position,
wherein

the gear position of the automatic transmissigrig3et to one gear position selected
from 1st-speed to 6th-speed gear positions wheratbdiary transmission (30) is in the

Low mode, and is set to one gear position selefrimd 6th-speed to 10th-speed gear

positions when the auxiliary transmission (30nishie High mode.

4. The automatic transmission (3) according toxcthor 2, wherein
the main transmission (20) is configured to set ohea forward 1st-speed gear
position to a forward 8th-speed gear position, andeverse gear position, as a gear

position.

5. The automatic transmission (3) according to @mg of claims 1, 2 and 4, further
comprising

a Low-High switching mechanism (40) configured tavitsh the auxiliary
transmission (30) between a Low mode and a Highanby selectively releasing the first
clutch (D1) and the second clutch (D2), the Lowi{Hmgwitching mechanism (40) being
configured to alternately switch the auxiliary sarission (30) between the Low mode and
the High mode, so as to shift a gear position & d@lutomatic transmission (3) to an

adjacent gear position.

6. The automatic transmission (3) according to@mg of claims 1 to 5, wherein

each of the first clutch (D1) and the second clizh) are a dog clutch.

7. The automatic transmission (3) according tarck, further comprising
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an electric actuator (43) configured to switchdlog clutch between an engaged state

and a released state.



