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(57) Abrége/Abstract:

The invention relates to a hydrodynamic-mechanical multi-speed compound transmission (1) with at least four speeds. Said
transmission comprises a transmission input shaft (E) and a transmission output shaft (A) as well as a hydrodynamic
transmission part (2) and a mechanical transmission part (4). The hydrodynamic and the mechanical transmission parts are
connected In series when seen from the power flow direction. Means are provided for by-passing the hydrodynamic
transmission part (2) during power transmission. The hydrodynamic transmission part (2) comprises at least one hydrodynamic
speed-torque converter (3). The mechanical transmission part (4) includes a mechanical speed-torque converting device (5)
with at least two planetary gear sets (7, 8). The mechanical transmission part (4) Is designed In such a way that transmission
ratios In the Iindividual gear steps cause gear step jumps of phi £1.45 between two successive gear steps of the individual
speeds. Various, optionally selective starting variants can be obtained by using different shifting element controls allocated to
the theoretically possible speeds. Systematic gear step abandonment provides various gear variations using one gear, resulting
In different final arrangements of the speeds.

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




e DY s M L

CA 02322883 2000-09-06

PCT

WELTORGANISATION FUR GEISTIGES EIGENTUM
Internationales Biiro

INTERNATIONALE ANMELDUNG VEROFFENTLICHT NACH DEM VERTRAG UBER DIE
INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES PATENTWESENS (PCT)

(51) Internationale Patentklassifikation © :
F16H 47/08, 3/66

(21) Internationales Aktenzeichen:

(22) Internationales Anmeldedatum: 8. Miirz 1999 (08.03.99)

(30) Prioritiatsdaten:
198 09 464.7
298 03 793.9

6. Mirz 1998 (06.03.98) DE
6. Mirz 1998 (06.03.98) DE

(11) Internationale Veroffentlichungsnummer:

WO 99/45296

(43) Internationales
Veroffentlichungsdatum:

10. September 1999 (10.09.99)

PCT/EP99/01479 | (81) Bestimmungsstaaten: CA, JP, US, europiisches Patent (AT,

BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE).

Veroffentlicht
Mit internationalem. _Recherchenbericht.
Vor Ablauf der fiir Anderungen der Anspriiche zugelassenen

Frist; Verdffentlichung wird wiederholt falls Anderungen
eintreffen.
(71) Anmelder (fiir alle Bestimmungsstaaten ausser US): VOITH
TURBO GMBH & CO. KG [DE/DE];, Alexanderstrasse 2,
D-89522 Heidenheim (DE).

(72) Erfinder; und

(75) Erfinder/Anmelder (nur fir US): KORNER, Tillmann
[DE/DE]; Weikersbergstrasse 42, D-89551 Zang (DE).
NITSCHE, Martin [DE/DE]; Gothaerweg 9, D-89547
Gerstetten (DE). BECKE, Martin [DE/DE); Griiner Weg 6,

D-89075 Ulm (DE).

(74) Anwalt: DR. WEITZEL & PARTNER; Friedenstrasse 10,
D-89522 Heidenheim (DE).

(54) Title: HYDRODYNAMIC-MECHANICAL MULTI-SPEED COMPOUND TRANSMISSION, ESPECIALLY A SIX-SPEED
TORQUE-CONVERTER TRANSMISSION

(54) Bezeichnung: HYDRODYNAMISCH-MECHANISCHES
6—-GANG-WANDLERAUTOMATGETRIEBE

MEHRGANGVERBUNDGETRIEBE,

INSBESONDERE

(87) Abstract

The invention relates to a hydrodynamic-mechanical
multi-speed compound transmission (i) with at least four
speeds. Said transmission comprises a transmission input
shaft (E) and a transmission output shaft (A) as well as a hy-
drodynamic transmission part'(2) and a mechanical transmis-
sion part (4). The hydrodynamic and the mechanical transmis-
sion parts are connected in series when seen from the power
flow direction. Means are provided for by-passing the hy-
drodynamic transmission part (2) during power transmission.
The hydrodynamic transmission part (2) comprises at least
one hydrodynamic speed—torque converter (3). The mechani-
cal transmission part (4) includes a mechanical speed—torque
converting device (5) with at least two planetary gear sets (7,
8). The mechanical transmission part (4) is designed in such a way that transmission ratios in the individual gear steps cause gear step jumps
of phi £1.45 between two successive gear steps of the individual speeds. Various, optionally selective starting variants can be obtained by
using different shifting element controls allocated to the theoretically possible speeds. Systematic gear step abandonment provides various
gear variations using one gear, resulting in different final arrangements of the speeds.
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Hydrodynamic-Mechanical Multispeed Compound Transmission, Espectally 6-

Speed Torque-Converter Transmission

The invention is relative to a hydrodynamic-mechanical multispeed
compound transmission with at least four speeds for use in vehicles, espccially in
busses, specifically with the features from the generic part of claim 1, and also to
a method of developing a series from a basic transmission in the form of a
hydrodynamic-mechanical multispeed compound transmission with at least four
theoretically possible gear steps for use in vehicles for differing requirements.

Hydrodynamic-mechanical compound transmissions comprising a
hydrodynamic speed-torque converter and a mechanical transmission part are
known in many embodiments. Publication DE 36 04 393 C2 discloses a
hydrodynamic compound transmission comprising a torque converter and a
gearbox comnected to it in series. The gearbox comprises to this end two
planetary gear trains. The planet carriers of the two planetary gear tramns are
coupled to each other and form the output of the gearbox. The number of required
planet gear webs [lands] or planetary gear trains (possibly Ravigneaux-type sets)
can be kept low with such an arrangement and the transmission can therefore be
built short and three gear steps can be realized given the appropriate assignment
of shifting devices. The hydrodynamic speed-torque converter comprises an
impeller [pump gear, input rotor}, a turbine gear and two stators [reactors; guide
gears] - a first stator and a second stator. Means are provided that make possible

a coupling of the turbine gear as well as of the first stator to the mechanical
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transmission part in the form of the gearbox. Specifically, the entire transmission
input shaft can be coupled either via the hydrodynamic speed-torque converter
and thereby via the turbine gear to the sun gear of the one planetary gear train of
the mechanical transmission part or directly via a so-called bridge coupling to the
latter. The first stator is connecled via a freewheel to the sun gear of the other,
second planetary gear train of the mechanical transmission part. ‘The
characteristic properties of the speed-torque converter in each range of the
translation ratio and the translation ratio of the mechanical transmission part are
changed by shifting the transmission path of the moment emanating from the first
stator shaft, namely, by the selective actuation of coupling- and/or braking devices
that either make possible a fixing of the first stator shaft or a coupling of the first
stator shaft to the turbine gear shaft and therewith of the first sun gear of the first
planetary gear train. The advantage of the three-speed transmission described n
this publication consists unambiguously in its small size and its low weight.
However, an appropriate design of this existing transmission as regards the main
instance of use or an expensive modification of the same is necessary for
optimizing certain parameters, e.g., the fuel consumption of a vehicle or for
making possible higher final design speeds of the vehicle.

The invention has the problem of further developing a hydrodynamic-
mechanical compound transmission of the initially cited type in such a manner that
it can meet the existing requirements of us¢ in an even more optimal manner

retaining the advantages of the low weight and the small size. Depending on the

intended use (e.g., for the use in busses for city traffic (use with low final design
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speeds) or primarily for overland traffic (use with high final design speeds), the
following should be striven for: An optimal, that is, as hyperbola-shaped as
possible course of tractive force, low fuel consumption and a selective useable
speed number (4- or 5- or 6-speed transmission), depending on the final design
speed) as well as an overdrive that is simple to realize for the last-named
possibility of use. The transmission should be able to be umversally used, that 1s,
e.g., for busses with a low weight and a rather large weight (bandwidth weight
m, . -m_. ) as well as with different final design speeds (bandwidth final design
speed v_.-v, ) without significant additional modification of transmission
components and should make possible different areas ofapplication and therewith
different modes of operation, especially the starting variants.

The solution of the problem in accordance with the invention 1is
characterized by the features of claims 1 and 24. Advantageous embodiments are
contained in the subclaums.

The hydrodynamic-mechanical multispeed compound transmission with a
hydrodynamic transmission part and a mechanical transmission part, which
hydrodynamic transmission part and mechanical transmission part are connected
in series, viewed in the direction of the power flow, with at least means being
provided for circumventing the hydrodynamic transmission part during the
transmission of power, are designed in accordance with the invention as regards
the mechanical transmission part in such a manner regarding the translations that
at least one gear step jump [progression] phi is achieved between two speeds

adjacent to one another between 1.1 and 1.45, The hydrodynamic transmission
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part comprises at least one hydrodynamic speed-torque converter. The
mechanical transmission part comprises a mechanical speed-torque conversion
device with at least two planetary gear tramns. The hydrodynamic-mechanical
multispeed compound transmission is preferably equipped with a rear-mounted
train [ after-shifting-, secondary switching set] so that theoretically 6 gear steps
are conceivable. It 1s particular advantageous in this case to design the
mechanical transmission part in such a manner that the following gear step jumps

phi are achieved:

phi < 1.45 between the first and the second gear step and the second and
the third gear step;

ph < 1.35 between two successive gear steps of the following speeds.

Phi can remain constant thereby or can be designed to fall in the direction of
higher speeds.

The design of the transmission in accordance with the invention makes it
possible to attain as hyperbola-shaped a course of tractive force as possible in the
tractive force/speed diagram even at low speeds. Moreover, different operating
concepts with an optimal result as concemns different design speeds can be
realized by an appropriate control of the individual transmission elements on
account of this basic speed graduation. For example, when the transmissions are
used in busses both the lower speed range, that is particularly significant for city

buses, and the upper speed range, that constitutes the main range of use in travel
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buscs, are considered thereby. Therefore, the gear step jumps in the upper speeds
that 1s, from an 1nitial speed into the next higher speed, are preferably designed
to be constant, which corresponds to the customary design criteria in the upper
speeds, especially in the case of transmissions for usc in travel buses. In the case
of lower design speeds (greater axial translations) the first speed (speed with the
greatest translation) can remain uncontrolled as a result. The speed jump between
converter speed and 2" speed remains below 1.8 therewith.

The mechamcal transmission part 1s preferably designed in such a manner
that the transmission elements 1n the first gear step that participate in the speed-
torque conversion realize a translation in a range of 3 <1 < 3.25 and in the last
gear step a translation in a range 0f 0.7 <1< 0.9,

A plurality of control [drive] variants can be realized on this basis with a
basic transmission component without additional modification, which variants
form the basis for the development of a series from a single basic transmission in
the form of a hydrodynamic-mechanical multispeed compound transmission with

at least four theoretically possible gear steps for use in vehicles for different

requirements.

Specifically, the following can be achieved retaining the same basic

transmission design by variation of the control of the transmission elements:

a) A plurality of transmission- and speed variants (4/5/6-speed),
b) A plurality of starting variants,
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¢) A plurality of drive [travel] variants by mixing the individual

transmissions or speed variants with the individual start variants,

The individual speed variants are realized by omitting gear steps. The basic
transmission concept is designed in such a manner that a plurality of gear steps,
especially a maximum of 6 gear steps can be theoretically realized. The speed
graduations in accordance with the invention are valid thereby for the design of
the mechanical transmission part for a 6-speed transmission variant. The
individual transmission variants are realized by omitting individual speeds.
However, due to the association of the speeds with the individual mechanical gear
steps no change in the gear step jumps takes place thereby between the gear steps
theoretically possible for the initial basic transmission. This means that gear steps
can be omitted in such a manner from the sequence of individual gear and shifting
steps possible for the basic transmission that can be theoretically inserted [used]
and that are characterized by the actuation and the uncoupling of the individual
shifting devices for the individual speeds that, e. g., when the speed that is the first
speed 1n the possible sequence of the shifting steps for the basic transmission is
omitted, the first speed that is now inserted [used] corresponds to the second
speed in the sequence of shifting steps theoretically set for the basic transmission.
When gear steps are omitted, as a rule only the corresponding actuation for the
speeds change is eliminated.

The systematic elimination ofthe gear step that is always the greatest takes

place thereby in such a manner that no Intermediary gear steps are removed from
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the frequently used drive range but rather solely, depending upon the requirements
of use, either the first speed, the last speed or a speed following or preceding it.
Achieving the elimination of gear steps by eliminating the rear-mounted train is
consciously avoided thereby. Transmission variants with SIX, a transmission
variant with five and a transmission variant with four speeds can be realized in a
multispeed compound transmission with six speeds. The individual transmission-
and speed variants can either be basically offered from the beginning as a
permanent transmission-or speed variant or can be freely selected and replaced
when inserted in vehicles. Thus, in the first instance cited the selection can be
made by a customer already at the time of ordering the transmission, in which
case this selection is then set for the further purposes of use. In the second
instance the change of the speced variant permits a shifting of the area of
application. Especially when used in busses or in construction vehicles, for which
different areas of application are required - in the case of buses their use In cities,
overland travel and their use as travel buses and in the case of construction
vehicles group operation as well as street operation - the possibility of making a
iree selection offers significant advantages as regards the driving behavior in the
particular main area of application. Thus, it is concelvable, for example, 1o omit
the first and sixth speed [gear] in a correspondingly designed multispeed
compound operation [sic - transmission ?] with six speeds 1n city traffic, which
means starting in the second speed with no phi shift taking place due to the

omission of the individual speeds. This means in particular that in the second

speed, which is now used for starting, the mechanical transmission part is



CA 02322883 2000-09-06

8

designed in such a manner that it experiences a gear step jump from the speed that
is now the first of a magnitude of the one that takes place in the theoretically
designed six-speed basic transmission between the first and the second speed. 1t
should be considered for overland buses whether the first speed should be omitted
from the transmission theoretically designed for six speeds as a result of which the
second speed is used for starting and in particular the higher speed range, that
represents a main area of application for overland buses, 1s used.

Based on the transmission design with the gear steps in accordance with
the invention, different starting concepts with different goals, e.g., high available
power or low fuel consumption, can be realized in a simple manner by difterent
control variants of the individual transmission elements, in particular of the
individual transmission elements for the individual gear steps and of the selection
of the transmission of power by a hydrodynamic transmission part or by
circumventing the hydrodynamic transmission part. Moreover, it is possible to
cover a broad range of use with only one transmission.

The integration of a rear-mounted train, that is a component of the
mechanical transmission part, in the basic transmission component consisting of
a mechanical transmission part and a hydrodynamic transmission part makes
multiple speeds possible, which for its part has the result that the operating area
to be covered can be realized with a plurality of speeds, and preferably at least

one overdrive or a so-called overdrive speed is provided. An optimal adaptation
to the operation in the optimal fuel consumption range ot the driving machine can

be realized by means of the higher transmission spread total phi.
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Based on the basic transmission component consisting of a mechanical
transmission part and a hydrodynamic transmission part with a rear-mounted train
and theoretically more than four speeds, a plurality of starting variants can be

realized that make possible

a) A thrifty drive behavior as regards consumption, or
b) An especially comfortable or, €.g., an especially perforrnance-oriented
drive behavior, or

c) A mixed form of all of the latter.

Even the starting variants can be stored as selectable variants In a
transmission control and a control of the individual transmission elements takes
place in accordance with the selection of the desired starting behavior.

A mechanical speed-torque converter is preferably used that comprises at
least two planetary gear trains. A connection adapted to rotate in unison exists
between a first element of the first planetary gear train and a second element of
the second planetary gear train which connection simultancously forms the input
for the rear-mounted train. Their planet carriers are preferably coupled to each
other and form the output of the mechanical speed-torque converter, which brings
about a savings of space.

The hydrodynamic speed-torque converter preferably comprises two stator
devices. A first stator is coupled thereby to the first planetary gear train of the
mechanical speed-torque converter. A second stator of the hydrodynamic speed-
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torque converter is coupled via a freewheel to the transmission housing. The
torques to be supported can be used to elevate the tractive force.

An example of an advantageous transmission design with the parameters
of the invention is designed in detail as follows: the hydrodynamic transmission
element comprises at least one impeller, one turbine gear and a stator device
comprising a first stator and a second stator. The second stator is connected via
a freewheel to the transmission housing. The first stator has a driving connection
via a so-called stator shaft to the mechanical speed-torque converter. The
mechanical speed-torque converter comprises at least two planetary gear trains,
a first planetary gear train and a second planetary gear train. Each planetary gear
train comprises a sun gear, a internal-geared wheel, planet gears and a planet
carrier. The two planetary gear trains - the first planetary gear train and the
second planetary gear train - are coupled together in such a manner that they
rotate in unison. The first transmission element of the first planetary gear train,
which is connected to a first transmission element of the second planetary gear
train in such a manner that it rotates in unison with it, is preferably formed by the
planet carrier of the associated planetary gear train. The two sun gears of the
individual planetary gear trains, of the first planetary gear train and of the second
planetary gear train, form the inputs of the mechanical speed-torque converter.
The first input, that is coupled to the sun gear of the first planetary gear train, is
connected via freewheel to the first stator of the hydrodynamic speed-torque
converter. The sun gear of the second planetary gear train is preferably ...

[missing verb - “connected™?] to the turbine gear shaft, that can be coupled either
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via the hydrodynamic speed-torque converter or the bridge coupling to the

gear trains, preferably in the present case of the coupling of the planet carriers.
The output of the mechanical speed-torque converter forms the input of the
mechanical rear-mounted step and is therewith coupled via the corresponding
speed graduation to the transmission output shaft. The hydrodynamic retarder
thus becomes active on the transmission output shaft via the rear-mounted step
and exercises therewith the function ofa secondary retarder. Inaddition, the rotor
impeller of the hydrodynamic retarder experiences a translation by the rear-
mounted step. The hydrodynamic retarder can be operated, relative to the speed
of the output shaft, with two different translations over the entire operating range.
In order to achieve the same braking moments independently of the speed the
filling of the retarder must be greater when the rear-mounted group is translated
into rapid speed then in the “direct transiation” of 1.0. Depending on the shifting-
back strategy, the filling must be adapted if all speeds are successively shifted
back. The filling must not be adapted if 2 shifting back takes place only at every

second speed. The coupling of the hydrodynamic retarder to the output shaft that
takes place in this manner makes it possible to always realize optimal braking

procedures and achieve an optimal braking behavior.
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In order to realize the individual gear steps, shifting devices in the form of
braking devices and coupling devices are provided that are preferably designed
with a laminar construction. The individual shifting devices are to be actuated in
accordance with the destred speed to be used and the translation obtainable
thereby. To this end a transmission control is preferably provided. A first braking
device serves to brake the stator shaft and therewith the sun gear of the first
planetary gear train. A second braking device serves to brake the internal-geared

wheel of the first planetary gear train and a third braking device to brake the

internal-geared wheel of the second planetary gear train of the mechanical speed-
torque converter. A further, fourth braking device serves to brake the sun gear of

the rear-mounted step. A first coupling ¢lement serves to realize the connection,
adapted to rotate in unison, of the sun gear of the first planetary gear train and of
the sun gear of the second planetary gear train. The control of the individual
shifting devices makes possible different gear steps and, in combination with the
selection of the transfer of power via the hydrodynamic transmission part or under
circumvention of the hydrodynamic transmission part, different modes of
operation, especially starting programs. In the preferred embodiment the second
element of the first planetary gear train can be braked by a first braking device,
a third element of the first planetary gear train by means of a second braking
device and a third transmission element of the second planetary gear train by
means of a third braking device. The shifting clements designed as braking

devices and/or coupling devices are preferably designed with a laminar

construction.
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The rear-mounted train comprises at least one planetary gear train
comprising a sun gear, a internal-geared wheel, planet gears and a planet carrier.
The input of the planetary gear train is formed thereby by the planet carrier of the
planetary gear train and the output by the internal-geared wheel of the planetary
gear train. The planetary gear train is associated with a further, fourth braking
device and a further, second coupling device, the fourth braking device can be
coupled to the sun gear of the planetary gear train. The second coupling device
serves to couple the sun gear to the planet carrier of the planetary gear train.

The rear-mounted step serves in the present instance to split the three
shifting stages that can be realized with the basic transmission into two partial
stages. This mcans that the individual, successive speeds can be realized with
actuation of the same shifting elements in the basic transmission, that is, the
mechanical speed-torque converter, by alternately actuating the appropriate
shifting devices, coupling- and/or braking devices in the rear-mounted step. Two
successive speeds, viewed from the first speed, are thus distinguished
substantially by actuating the same shifting devices in the basic trarismission. The
transter of power can take placé thereby via the hydrodynamic transmission part
or while circumventing it, as desired. As a rule, the mechanical drive-through
|drift?] 1s shifted in speeds 3, 4, 5 and 6 with circumvention of the hydrodynamic
speed-torque converter. In speeds 1 and 2 the transmission of power takes place

via the converter too. According to the invention the designing of the mechanical
transmission part takes place in such a manner that gear step jumps are realized

n the individual 6 speeds of
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phi < 1.45  between the first and the second speed and between the second
and the third speed and

phi <1.35 between two successive gear steps of the following speeds

with the latter [the mechanical transmission part] without taking the hydrodynamic
speed-torque converter into consideration.

In the rear-mounted step of the preferred embodiment the fourth braking
device and the second coupling device are actuated alternately in successive
speeds. Specifically, the following shifting devices are actuated in the individual

speeds whereas the remaining shifting devices are uncoupled [released]:

[*speed:  Second coupling device and third braking device
2™ speed:  Third and fourth braking device

3°speed:  Second coupling device and first braking device
4" speed:  First and third braking device

5" speed:  First and second coupling device

6™ speed:  First coupling device and fourth braking device.

The following starting variants result in detail for the preferred embodiment
of the hydrodynamic-mechanical compound transmission which starting variants
differ essentially by the number of shifting operations and their influence on the
operating range of the drive machine. The different starting variants result from

the realization of the transmission of power via the speed-torque converter or with
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circumvention of the speed-torque converter in the individual gear steps. The
individual gear step is determined thereby by actuating the switching devices on
the mechanical speed-torque converter without taking the rear-mounted train into
consideration. The shifting elements of the rear-mounted train are actuated in
such a manner for realizing starting variants that the particular greater translation
1s adjusted [set).

Only possible starting variants are described in the following taking no

consideration of the shifting of all further speeds. The subsequent spceds can be
shiftcd in the same manner.

1.)  Variant 1: Four shifting operations

I.I' " Transmission of power via the hydrodynamic speed-torque converter

in the first gear [speed] onto the mechanical speed-torque converter (that is,

actuation of shifting elements as in the first gear, with the shifting elements of the

rear-mounted train actuated in such a manner that only the greater translation is
set).

1.2 Transmission of power from the transmission mput shaft with
circumvention of the hydrodynamic transmission part, especially of the
hydrodynamic speed-torque converter, onto the mechanical speed-torque
converter upon actuation of the shifting elements in the first gear by putting in
operation the converter bridge coupling and the through coupling.

1.3 Transmission of power via the hydrodynamic speed-torque converter

in the second gear, that is, actuation of the shifting elements around the



CA 02322883 2000-09-06

16

mechanical speed-torque converter as in the second gear and uncoupling of the
through coupling. '

1.4 Transmission of power from the transmission input shaft with
circumvention of the hydrodynamic speed-torque converter upon actuation of the
shifting elements in the second gear and, e.g., actuation of the converter bridge
coupling,

1.5 Transfer of power from the transmission mnput shaft under
circumvention of the hydrodynamic speed-torque converter upon actuation of the
shifting elements in the third gear.

2) Variant 2: Three shifting operations
2.1 Transfer of power via the hydrodynamic speed-torque converter in the

first gear onto the mechanical speed-torque converter (that is, actuation of the

shifting elements as in the first gear, with the shifting elements of the rear-

mounted train actuated in such a manner that only the greater translation is set).

hydrodynamic speed-torque converter, onto the mechanical speed-torque
converter upon actuation of the shifting elements in the first gear and the lock-up
coupling.

2.3 Transmission of power from the transmission input shaft under

circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the second gear.



CA 02322883 2000-09-06

17

2.4 Transmission of power from the transmission input shaft under
circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the third gear.

All other higher speeds can be shiftcd in the same manner.

3.)  Vanant 3: Three shifting operations

3.1 Transmission of power via the hydrodynamic speed-torque converter
in the first gear onto the mechanical speed-torque converter (that is, actuation of
the shifting elements as in the first gear, with the shifting elements of the rear-
mounted train actuated in such a manner that only the greater translation is set).

3.2 Transfer of power via the hydrodynamic speed-torque converter in the
second gear onto the mechanical speed-torque converter (that is, actuation of the
shifting elements as in the second gear, with the shifting elements of the rear-
mounted train actuated in such a manner that only the smaller translation is set).

3.3 Transmission of power from the transmission input shaft under
circumvention of the hydrodynamic transmission part, especially of the
hydrodynamic speed-torque converter, onto the mechanical speed-torque
converter upon actuation of the shifting elements in the second gear (rear-mounted
train small translation).

3.4 Transmission of power from the transmission input shaft with

circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifling elements in the third gear.
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4.)  Variant 4: Two shifting operations

4.1 Transmission of power via the hydrodynamic speed-torque converter
In the first gear onto the mechanical speed-torque converter (that is, actuation of
the shifting elements as in the first gear, with the shifting elements of the rear-
mounted train actuated in such a manner that only the greater translation is set).

4.2 Transmission of power via the bydrodynamic speed-torque converter
in the second gear onto the mechanical speed-torque converter (that is, actuation
of the shitting elements as in the second gear, with the shifting elements of the
rear-mounted tram actuated in such a manner that only the smaller translation is
set).

4.3 Transmission of power from the transmission input shaft with
circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the third gear.

5.)  Variant 5: Two shifting operations
5.1 Transmission of power via the hydrodynamic speed-torque converter
in the first gear onto the mechanical speed-torque converter (that is, actuation of
the shifting elements as in the first gear, with the shifting elements of the rear-
mounted train actuated i such a manner that only the greater translation is set).
5.2 Transmission of power from the transmission input shaft with

circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the second gear.
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5.3 Transmission of power from the transmission input shaft with
circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the third gear.

6.) Vanant 6: Three shifting operations

6.1 Transmission of power via the hydrodynamic speed-torque converter
in the second gear onto the mechanical speed-torque converter (that is, actuation
of the shifting elements as in the second gear, with the shifting elements of the
rear-mounted train actuated in such a manner that only the smaller translation is
set).

6.2 Transmission of power from the transmission input shaft with
circumvention of the hydrodynamic transmission part, especially of the
hydrodynamic speed-torque converter, onto the mechanical speed-torque
converter upon actuation of the shifting elements in the first gear.

6.3 Transmission of power from the transmission input shaft with
circumvention of the hydrodynamic transmission part, especially of the
hydrodynamic speed-torque converter, onto the mechanical speed -torque
convericr upon actuation of the shifting elements in the second gear.

6.4 Transmission of power from the transmission input shaft with

circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the third gear.

7.)  Vanant 7. Two shifting operations
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7.1 Transmission of power via the hydrodynamic speed-torque converter
in the second gear onto the mechanical speed-torque converter (that is, actuation
of the shifting elements as in the second gear, with the shifting elements of the
rear-mounted train actuated in such a manner that only the smaller translation is
set).

7.2 Transmssion of power from the transmission input shaft with
circumvention of the hydrodynamic transmission part, especially of the
hydrodynamic speed-torque converter, onto the mechanical speed-torque
converter upon actuation of the shifting elements in the second gear.

7.3 Transmission of power from the transmission input shaft with
circumvention of the hydrodyna:hic speed-torque converter upon actuation of the

shifting elements in the third gear.

8.) Vanant 8: One shifting operation

8.1 Transmission of power via the hydrodynamic speed-torque converter
in the second gear onto the mechanical speed-torque converter (that is, actuation
ot the shifting elements as in the second gear, with the shifting elements of the
rear-mounted train actuated in such a manner that only the smaller translation is
set).

8.2 Transmission of power from the transmission input shaft with
circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the third gear.
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Vanants 1.2.5and 6 represent economical programs whereas variants 3 4.5
and 8 make possible a comfortable mode of operation. The starting variants are
to be selected in accordance with the desired effect. The conversion in
accordance with the apparatuses takes place as a rule via a -transmission control
device or regulating device that can be integrated in the central drive control of the
vehicle or is at least coupled to it and in this manner an optimal engine-
transmission management can be realized in accordance with the requirements of
usc under very varied borderline conditions.

Based on this six-speed design, the possibility of selecting different

transmission variants can also be made available in accordance with the

There is the possibility in the present instance of converting the multispeed
compound transmission with the theoretically six possible gear steps into a
multispeed compound transmission with four or five gear steps without having to
change anything in the design of the transmission. The transmission unit can be
realized in accordance with the advantageous design described and the individual
transmission variants are realized solely by controlling the individual transmission
elements and changing the course of the progression and the sequence of the
control of the transmission elements. In particular, individual gear graduations are
eliminated. However, the elimination does not take place in the main areas of use,
that 1s, no middle gear steps or speeds are removed but rather the smallest or the

largest gear steps are preferably eliminated. Solely the actuations in these gear
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stages to be eliminated are no longer performed thereby in accordance with the
shifting [switching] plan so that the latter remain associated with the theoretically
six possible speeds as regards the actuation of the individual shifting devices and
thus the gear graduations do not depend on the shifted gear stcps but rather on the
original six theoretical or selected gear steps. If, for example, the theoretical first
and the sixth speed are eliminated for the use of the transmission in a city bus, the
bus will start in the theoretical second speed and the gear graduation between the
starting procedure and the next-following procedure corresponds to the gear
graduation of the theoretical speed [gear], that is, of the transition from the second
into the third speed [gear].

The possibility of selecting the transmission variants (4-, 5-, 6-speed
transmission|) is preferably offered -under the aspect of universality in combination
with the possibility of selecting the starting variants (economical drive mode,
comfortable drive mode, performance-oriented drive mode). As concemns the
devices, the transmission unit can be associated with a control device that is either
a component of the transmission unit, and is therefore directly associated with the
latter, or that can be integrated in a centra] drive control. A further conceivable
possibility is to place these individual posstbilities in the control device associated
with the transmission in which instance, as regards the modification concerning
the cooperation with different drive machines, the individual starting variants and
transmission variants can be fixed by means of appropriate performance

characteristics [mapping] for the individual possible drive machines and
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requirements of use and when incorporated into a vchicle the drive control takes
this data directly from the transmission.

However, a possibility of selecting the actuation of the individual shifting
devices as regards the sequence and the progression is preferably always provided
in order to expaﬁd therewith the spectrum of use of the vehicle in which this
transmission is built. The concrete constructive and component conversion is in
the area of activity of a competent expert, given knowledge of this basic concept
of the invention.

The design of the invention is explained below with reference made to the

figures.

Figure 1 illustrates in a schematically simplified view the basic design of
a preferred embodiment of a hydrodynamic-mechanical compound transmission
with gear steps in accordance with the invention.

Figure 2 shows the shifting scheme for theoretically six possible speeds
[gears] for a transmission in accordance with figure 1.

Figures 3a to 3h illustrate tractive force diagrams for different starting
variants with a transmission according to figure 1 designed in accordance with the
Invention.

Figures 4a and 4b illustrate tractive force diagrams of a conventional

multispeed compound transmission for use in overland vehicles (4a) and city
vehicles (4b)
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Figures 5a and 5b illustrate tractive force diagrams of a multispeed
compound transmission shaped and designed in accordance with the invention and

designed for use in overland vehicles (5a) and city vehicles (5b).

Figure 1 illustrates by way of example an advantageous embodiment of a
hydrodynamic-mechanical compound transmission 1 designed in accordance with
the invention. Hydrodynamic-mechanical compound transmission | comprises a
birst hydrodynamic transmission part 2 in the form of a hydrodynamic speed-
torque converter and a second mechanical transmission part 4. Mechanical
transmission part 4 comprises mechanical speed-torque converter 5 and a range
[group] train connected at the outlet side of the latter in the direction of the flow
of power in tractive operation. Mechanical speed-torque converter 5 is designed
as a Ravigneaux-type planetary gear train. The latter comprises a first planetary
gear train 7 and a second planetary gear train 8 that comprise planetary gear
carrier 9 used in common. The first planetary gear train 7 comprises sun gear 7.1,
planet gears 7.2 and internal-geared wheel 7.3. The second planetary gear train
8 comprises sun gear 8.1, planet gears 8.2 and internal-geared wheel 8.3. Planet
gears 8.2 participate in both planetary gear trains.

Range tramn 6 comprises at least one planetary gear train 10 that comprises
sun gear 10.1,planet gears 10.2, internal-geared wheel 10.3 and web [land] 10.4.

Hydrodynamic-mechanical speed-torque converter 3 comprises turbine gear
I, impeller P, a first stator L1 and a second stator L2 and is covered by housing

I 1. Impeller P is preferably connected by transmission input shaft E, that can be
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coupled at least indirectly to a drive machine serving for the drive, to flywheel 12
of an internal combustion machine in such a manner that the power from flywheel
12 1s transferred to impeller P. Turbine gear T is connected to turbine gear shaft
in such a manner that it rotates in unison with it. In order to utilize the advantages
of the hydrodynamic transmission of torque with lock-up, that is, bridge coupling,
that would be in the following:

- Automatic, continuously variable adjustment of the ratio between the drive
speed and the output speed in accordance with the load on the output side;

- Making the maximum torque available for a starting operation or
operation of acceleration based on the greatest torque conversion at standstill of
the turbine gear;

- The possibility of removing heat by foreign- or surface cooling:

- Separation of the hydrodynamic speed/torque converter from the output
at 1dling speed and transmission of a slight residual torque [couple] so that a
choking off the drive machine from the output side is not possible and the fuel
consumption is kept low;

- Wear-free transmission of power

and at the same time ... [verb missing - “to avoid”?] the disadvantages of a
hydrodynamic transmission of power that substantially exists in an output
|efficiency] that can ofien not be sufficiently achieved, in order to be able to

operate solely with a hydrodynamic transmission, since power dissipation
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components composed of friction losses and impact losses reduce the total
transmittable power and since the attained conversion ranges are often insufficient
for the use of the vehicle, hydrodynamic speed/torque converter 3 is only used in
the lower gear steps, preferably only during the starting procedure, for the
transmission of power. Therefore, in order to improve the transmission output
hydrodynamic speed-torque converter 3 is taken out of the transmission of power,
preferably by bridging. To this end bridge coupling 14 is arranged between
turbine gear T and flywheel 12 and the transmission input shaft.

The first stator L1 is arranged on the turbine side between turbine gear T
and impeller P and is mounted by a freewheel. The first stator L1 can be
connected to a first stator shaft 15 in such a manner that it can rotate in unison
withit. Freewheel 16 is provided between the first stator and stator shaft 15 and
18 designed in such a manner that it transfers a torque onto the first stator shaft 15
when the first stator L1 rotates in the reverse direction, that is, that is the opposite
direction of rotation to turbine gear T. This freewheel idles when the first stator
L1 rotates in the normal direction, that is, in the same direction of rotation as
turbine gear T. The second stator L2 and is arranged between turbine gear T and
impeller P on the pump [impeller, rotor?] side and can be coupled via a second
impeller shaft 17 to housing 11. A second freewheel 18 is arranged between the
second stator L2 and the second stator shaft 17 by means of which freewheel the

second stator L2 and can be coupled to the second stator shaft 17; but only when
the second stator L2 is rotating in the direction opposite turbine gear T.
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Impeller P 1s connected to impeller shaft 10 in such a manner that it can
rotate in unison with it. This impeller shaft is rotatably mounted via a bearing in

housing 11.

In order to realize the individual gear steps and the design of the individual
speeds, shifting clements are associated with the individual elements of
hydrodynamic-mechanical compound transmission 1. A first coupling device K1
and a second braking device B1 are provided between hydrodynamic transmission
part 2 and mechanical transmission part 4.

Turbine gear T and turbine shaft 13, that can be coupled to it in such a
manner that it can rotate in unison with it, are coupled to sun gear 8.1 of the
second planetary gear train 8 of mechanical speed/torque converter 5. Turbine
gear 1 and sun gear 8.1 of the second planetary gear train are preferably arranged
on a common shaft, here turbine gear shaft 13. Turbine gear shaft 13 also carries
coupling [clutch] disk 20 of first coupling K2. Moreover, first coupling K1
comprises a coupling via clutch linings on stator shaft 15. In addition, first stator
L1 can be connected via first stator shaft 15 to sun gear 7.1 of first planetary gear
tram 7 of mechanical speed/torque converter 5. Coupling covering 21 is
preferably connected in a single piece thereby to first stator shaft 15. First stator
shaft 15 is designed as a hollow shaft surrounding stator shaft 13 in the
circumferential direction.

A preferably disk-shaped element 22 is connected to coupling covering 21
of first coupling K1 and forms a structural unit with the latter on whose outer

circumferential area 23 the first braking device Bl can attack. First braking



CA 02322883 2000-09-06

28

device B serves to fix first stator L1 via stator shaft 15 and/or to fix first sun gear
7.1 of first planetary gear train 7 of mechanical speed/torque converter 5. Other
shifting elements, here the shifting elements in the form of braking devices B2 and
B3, are associated with the individual planetary gear trains 7 and 8 of mechanical
speed-torque converter 5. In the instance presented the second braking element
B2 1s assoclated with internal-geared wheel 7.3 of first planetary gear train 7 and
the third braking element B3 is associated with internal-geared wheel 8.3 of
second planetary gear train 8 of mechanical speed-torque converter S. The
coupling of mechanical speed/torque converter S to transmission input shaft E by
hydrodynamic speed-torque converter 3 and its bridge via bridge coupling 14
takes place thereby by coupling turbine gear T and turbine gear shaft 13 to a first
transmission element of mechanical speed-torque converter 5 and by coupling first
stator L1 to a further, second transmission element of mechanical speed-torque
converter 5. Sun gear 8.1 of second planetary gear train 8 functions here as the
first transmission element of mechanical speed-torque converter 5. Sun gear 7.1

of first planetary gear train 7 functions as the second transmission element. The
shafts coupled to the two sun gears 7.1and 8.1, here first stator shaft 15 and
turbine gear shaft 13, function as input shafts of mechanical speed/torque
converter 5. A further, third transmission element 1s connected via range [group]

train 6 to transmission output shaft A. Planet carrier 9, that 1s used in common by
both planetary gear trains 7 and 8, functions as the third transmission element.

The third transmission element of mechanical speed-torque converter 5 is

connected to the input formed by a first transmission element of the range train or
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of splitter unit 6. This connection is preferably realized by a coupling, rotating in
unison, of the third transmission element of mechanical speed-torque converter 5
and the first transmission element of range train 6. Both are preferably arranged
on common connecting shaft 24, The first transmission element of range train 6
is formed by its planet carrier 10.4. A second transmission element of range train
6 1s connected to transmission output shaft A of hydrodynamic -mechanical
compound transmission | in such a manner that it can rotate in unison with it. In
the instance presented internal-geared wheel 10.3 of planetary gear train 10 of

range train 6 functions as the second transmission element. While mechanical

speed-torque converter 5 serves in combination with hydrodynamic speed-torque
converter 3 for the realization of three gear steps, six gear steps can be realized
by the combination of hydrodynamic speed-torque converter 3 and of mechanical
speed-torque converter 5 with range train 6 in the instance presented. To this end
range trawn 6 is associated with a further coupling device, here the second coupling
device K2 and with a further braking device, here the fourth braking device B4.
The fourth braking element serves there by to brake sun gear 10.1 of range train
6. The second coupling device K2 makes possible the rigid coupling between
planet carrier 10.4 and sun gear 10.1 of planetary gear train 10 of range train 6.
A hydrodynamic retarder 25 is arranged adjacent to range train 6 in transmission

1. This retarder assumes the function of a secondary retarder here, that is, for the
retardation of the transmission output shaft. However, hydrodynamic retarder 25
18 arranged spatially in front of range train 6, viewed in the direction of the power

flow in tractive operation. Hydrodynamic retarder 25 is inte grated therewith in
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hydrodynamic-mechanical compound transmission 1 in transmission housing 11.
Hydrodynamic retarder 25 comprises stationary stator impeller 26 that is
connected in the present instance firmly to the frame of housing 11. Moreover,
hydrodynamic retarder 25 comprises a rotor impeller 27 coupled to the output of
mechanical speed-torque converter 5 and to the input of range train 6. This means
in the present instance that rotor impeller 27, planet carrier 9 and planet carrier
- 10.4 can be coupled to each other in such a manner that they can rotate in unison,
preferably arranged on a common shaft designated here with 28.

The spatially close arrangement of hydrodynamic retarder 25 and of
hydrodynamic speed-torque converter 3 make it possible to arrange the required
structural elements for supplying operating media to the hydrodynamic
components that are likewise spatially close to each other in transmission 1. The
required operating media lines can be made very short and in particular the same
operating media supply lines can be used for hydrodynamic retarder 25 as well
as lor hydrodynamic speed-torque converter 3. This statement also applies
analogously to the required cooling circuits, that can be directly associated with
the operating media supply circuits and are preferably coupled via a common heat
exchanger to each other. The constructive design of the transmission with
hydrodynamic retarder 25 integrated in the transmission and with the function of
secondary retarder and with the range train makes possible a compact
transmission design suitable in particular for realizing a modular system.

The mdividual elements of the operating media supply system, e.g.,

operating media supply lines, gear pumps, heat exchanger, can also be integrated
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in the transmission housing. In addition, the short line design has the advantage
of a low hydrodynamic flow resistance as well as the diminution of the reaction
times of the hydrodynamic structural components, especially of hydrodynamic
retarder 25 and hydrodynamic speed-torque converter 3. This can significantly
Increase the degree of energetic efficiency as regards the hydrodynamic
components.

The present constructive design of the mechanical-hydrodynamic compound
transmission 1 represents an advantageous variant. Specifically, it is possible as
a result of the modular joining together to combine a basic transmission,
comprising hydrodynamic transmission part 2 and mechanical speed-torque
converter 5 of mechanical transmission part4, to any desired range train 6 by
joming, in particular flanging range train 6 solely on the output of the basic
transmission. Moreover, no significant additional expense is required to integrate
hydrodynamic retarder 25 in front of the range train, preferably also in front of the
mechanical speed-torque converter in the transmission housing,

The individual shifting devices K1, K2 and Bl to B4 are preferably
manufactured with a lamellar construction. However, other embodiments are also
conceivable.

Figure 2 illustrates a possible mode of operation of the transmission
described in figure 1 using a shifting scheme.

In the first gear step third braking element B3 is actuated while the other

braking elements and couplings in mechanical speed-torque converter 5, second

braking element B2, first braking element B1 and first coupling element K1 are
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not actuated or released. Thus, only internal-geared wheel 8.3 of the second
planetary gear train on housing 11 is braked [fixed] whereas the other planetary
gear trams of mechanical speed-torque converter 5 mesh with each other and form
a unut. First stator L1acts in the low-gear speed range controlled by the operating
mode of the first gear step in a reversing manner via speed-torque converter 5 on
the web [land] and reinforces the output torque. Inrange train 6 the first coupling
device K2 is actuated in this gear step. This makes it possible that internal-geared
wheel 10.3 is driven at the same speed as web 10.4, that is, the result is that a
translation in the range shifting train of 1 is achieved. The shifting into the second
gear stage takes place by releasing [disengaging] second coupling device K2 and
actuating fourth braking device B4. As the speed ratio increases a shift is made
to the third gear step by an automatic control. In this instance the third braking
element 1s put out of operation and first braking element B1 is actuated.
Moreover, first coupling device K1 and fourth braking element B4 are out of
operation and second coupling device K2 is actuated. First stator shaft 15 and sun
gear 7.1 of the first planetary gear train of mechanical speed-torque converter 5
are thus braked against [opposite] housing 11. If the vehicle is driven without
converter bridge coupling, very high tractive forces result as in the first gear since
the stator torque acts as drive torque via the web of the planet gear train. The
torques of hydrodynamic speed-torque converter 3 thus develop greater tractive
forces in the first and the second gear [speed]. The transmission of power from
mechanical speed-torque converter 5 takes place via further speed-torque
conversion via range train 6 onto output shaft A of mechanical-hydrodynamic
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compound transmission 1. The shifting into the fourth gear step takes place by
releasing fourth braking device B4 and actuation second coupling device K2. The
shifting devices in the basic transmission remain actuated analogously to the third
gear step. As the speed ratio is further increased a change into the fifth gear step
takes place. In the fifth gear step only the first coupling device and the second
coupling device K1 and K2 are actuated. Turbine shaft 13 rotates in this instance
in an analogous manner in the same direction as first stator shaft 15. In the sixth
gear step the second coupling device K2 is released and the fourth braking device
B4 actuated. The power is transferred in speed 6 directly from transmission input
shaft E onto turbine shaft 13 and therewith onto mechanical speed-torque
converter J.

As a rule, when the speed ratio 1s increased the bridging of hydrodynamic
speed-torque converter 3 takes place by means ot bridge coupling 14. The power
1s then transmitted directly from transmission input shaft E onto turbine shaft 13
and therewith onto mechanical speed-torque converter 5. The hydrodynamic
speed-torque converter is thus used only in the [* and 2" speed [gear].

The three basic gear stages are thus split by range train 6 into two partial
gear steps so that in the end a multispeed transmission is created, in the present
Instance a six-speed transmission. Specifically, this is realized by the alternating
actuation of the shifting devices on range train 6. In the first of the two partial
gear steps the power from mechanical speed-torque converter 5 on its output shaft
1s transmitted with a translation ratio of 1 onto transmission output shaft A. In the

second partial gear step, that follows the particular first partial gear step, a
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translation takes place from the speed present at the output of mechanical speed-
torque converter 5 via range train 6 into high gear [fast].

The design of a mechanical, hydrodynamic compound transmission 1
shown in figures 1 and 2 represents an advantageous exemplary embodiment.
However, the arrangement and design of the mechanical speed-torque converter
and/or of range train 6 can also take place in some other manner. Hydrodynamic
retarder 25, that is connected to output shaft A of transmission 1 via range train
6, thus also needs to be adapted as regards its degree of filling in accordance with
the shifting philosophy only at every second shifting. This means that the degree
of filling has to be regulated only at each second speed.

In order to achieve speed-independent, equal braking torques, the filling of
the retarder must be greater at the transiation of the rear-mounted unit [r-m range
unit, section] into high gear [fast] than at the “direct translation” of 1.0.
Depending on the downshift strategy, the filling must be adapted if all speeds are
downshifted in succession. The filling does not have to be adapted if a downshift
occurs only at every second speed.

Figures 3a to 3d illustrate the tractive force diagrams for different starting
variants for different cffects. Only the tractive force courses of the starting
variants provided in accordance with the invention are shown in a reinforced
[amplified] manner.

Figure 3a illustrates the course of tractive force, using the tractive
force/speed diagram, for the first starting variant as it is used primarily for use in

overland buses. Four shifting operations are required in this variant in order to
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make a high starting tractive force available in the lower speed range and to
achieve the middle speed range. The second coupling device is actuated in the
range train or rear-mounted train for the starting operations. The transmission of
power takes place thereby at first via the hydrodynamic speed-torque converter
in the first gear onto the mechanical speed-torque converter (that is, actuation of
the shifting elements as in the first gear, during which the shifting elements of the
rear-mounted train are actuated in such a manner that only the particular greater
translation is adjusted), then the transfer of power takes place from the
transmission input shaft with circumvention of the hydrodynamic transmission
part, particularly ofthe hydrodynamic speed-torque converter onto the mechanical
speed-torque converter upon actuation of the shifting elements in the first gear.
The second shifting operation serves to realize the transfer of power via the
hydrodynamic speed-torque converter in the second speed and the third shifting
operation serves to realize the transfer of power from the transmission input shaft
under circumvention of the hydrodynamic speed-torque converter upon actuation
of the shifting elements in the second speed. After the fourth shifting operation the
transfer of power from the transmission input shaft takes place under
circumvention of the hydrodynamic speed-torque converter upon actuation of the
shifting elements as in the third speed.

Figure 3b illustrates a second starting variant with three shifting operations

that make possible a thrifty mode of operation of the entire drive train [drive line].
The transmission of power takes place here at first via the hydrodynamic speed-

torque converter upon actuation of the shifting elements on the mechanical speed-
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torque converter as in the first speed onto the mechanical speed-torque converter
(that is, actuation of the shifting elements as in the first speed with the shifting
elements of the rear-mounted train being actuated in such a manner that only the
greater translation 1s adjusted). After the transmission of power via the
hydrodynamic speed-torque converter the transmission of power from the
transmission nput shaft takes place by actuation of the converter bridge coupling
with circumvention of the hydrodynamic transmission part, in particular of the
hydrodynamic speed-torque converter, onto the mechanical speed-torque
converter upon actuation of the shifting elements as in the first speed. The second
shifting operation serves to realize the transmission of power from the
transmission input shaft with circumvention of the hydrodynamic speed-torque
converter upon actuation of the shifting elements on the mechanical speed-torque
converter as in the second speed. After the third shifting operation the
transmission of power from the transmission input shaft takes place with
circumvention of the hydrodynamic speed-torque converter upon actuation of the
shifting elements on the mechanical speed-torque converter as in the third speed.

Figure 3c illustrates the course of tractive force for the third variant with
three shifting operations that stands for a special, comfortable starting operation.
It is apparent therefrom that the course of tractive force takes place very
harmoniously almost without jumps. In order to achieve this the transmission of
power is performed via the hydrodynamic speed-torque converter in the first
speed onto the mechanical speed-torque converter (that is, actuation of the shifting

elements as in the first speed with the shifting elements of the rear-mounted train
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being actuated in such a manner that only the larger translation is adjusted). After
the first shifting operation the power is transmitted via the hydrodynamic speed-
torque converter upon actuation of the shifting elements on the mechanical speed-
torque converter as in the second speed onto the mechanical speed-torque
converter. The second shifting operation serves to realize the transmission of
power from the transmission input shaft with circumvention of the hydrodynamic
transmission part, in particular of the hydrodynamic speed-torque converter, onto
the mechanical speed-torque converter upon actuation of the shifting elements as
in the second speed, and the third shifting operation serves to transmit power from
the transmission input shaft with circumvention of the hydrodynamic speed-torque
converter upon actuation of the shifting elements in the third speed. This starting
variant represents a comfortable driving mode.

Figures 3d and 3e illustrates courses of tractive torce for starting concepts
with only two shifting operations. In the starting concept according to figure 3d
(“ comfort”) the transmission of power takes place at first via the hydrodynamic
speed-torque converter in the first speed onto the mechanical speed-torque
converter (that is, actuation of the shifting elements as in the first speed, with the
shifting elements of the rear-mounted train being actuated in such a manner that
only the larger translation is adjusted) and after the first switching operation via
the hydrodynamic speed-torque converter in the second speed onto the mechanical

speed-torque converter (that is, actuation of the shifting elements as in the second
speed, with the shifting elements of the rear-mounted train being actuated in such

a manner that only the larger translation is adjusted). The second shifting
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operation serves to realize the transmission of power from the transmission input
shaft with circumvention of the hydrodynamic speed-torque converter upon
actuation of the shifting elements in the third speed.

In order to obtain a course of tractive force according to figure 3e (* save
fuel”) the power is first transmitted via the hydrodynamic speed-torque converter
in the first speed onto the mechanical speed-torque converter (that is, actuation of
the shifting elements as in the first speed, with the shifting elements of the rear-
mounted train being actuated in such a manner that only the larger translation is
adjusted) and subsequently, after the first shifting operation, under circumvention
of the hydrodynamic speed-torque converter upon actuation of the shifting
elements in the second speed. Then, after the second shifting operation, the
transmission of power takes place from the transmission mput shaft with
circumvention of the hydrodynamic speed-torque converter upon actuation of the
shifting elements in the third speed.

Figure 3fillustrates the course of tractive force for another starting concept
that can also be used as a thrift program with three switching operations. The
transmission of power takes place at first thereby via the hydrodynamic speed-
torque converter in the second speed onto the mechanical speed-torque converter
(that is, actuation of the shifting elements as in the second speed, with the shifting
clements of the rear-mounted train being actuated in such a manner that only the
larger translation is adjusted) and subsequently from the transmission input shaft
with circumvention of the hydrodynamic transmission part, especially of the

hydrodynamic speed-torque converter, onto the mechanical speed-torque
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converter upon actuation of the shifting elements in the first spced. After the
second shifting operation the transmission of power takes place from the
transmission input shaft with circumvention of the hydrodynamic transmission
part, especially of the hydrodynamic speed-torque converter, onto the mechanical
speed-torque converter upon actuation of the shifting elements in the second
speed, and after the third shifting operation from the transmission input shaft with
circumvention of the hydrodynamic speed-torque converter upon actuation of the

shifting elements in the third speed.
Figures 3g and 3h illustrate courses of tractive force for starting concepts

with low shifting numbers and the most harmonious course of tractive force

possible (“comfort’™).
In order to obtain a course of tractive force like figure 3 the transmission

of power takes place via the hydrodynamic speed-torque converter in the second
speed onto the mechanical speed-torque converter (that is, actuation of the shifting
elements as in the second speed with the shifting clcments of the rear-mounted
train being actuated in such a manner that only the larger translation is adjusted).
The starting takes place so to say in the second converter speed [gear]. After the
first shifting operation the transmission of power is carried out from the
transmission mput shaft with circumvention of the hydrodynamic transmission
part, in particular of the hydrodynamic speed-torque converter, onto the
mechanical speed-torque converter upon actuation of the shifting elements in the

second speed and after the second shifting operation with circumvention of the
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hydrodynamic speed-torque converter upon actuation of the shifting elements in
the third speed.

The course of tractive force according to figure 3h develops if the
transmission of power first takes place via the hydrodynamic speed-torque
converter In the second speed onto the mechanical speed-torque converter (that

is, actuation of the shifting elements as in the second speed with the shifting

elements of the rear-mounted train being actuated in such a manner that only the

larger translation is adjusted) and is subsequently transmitted onto the
transmission output shaft with circumvention of the hydrodynamic speed-torque
converter upon actuation of the shifting elements in the third speed.

Since such multispeed transmissions are automatic transmissions as a rule
whose control takes place via a control or regulating device associated with the
transmission, these starting concepts for controlling the individual transmission
components can be put in this control or regulating device and are thus made
avallable for selection by the driver. It is particularly interesting to use them when
rather small final design speeds are used.

Figures 4a, 4b show exemplary diagrams of tractive force 1 of a
conventional multispeed compound transmission for use in overland vehicles (4a)
and city vehicles (4b). In contrast thereto, figures 5a, 5b illustrate diagrams of
tractive force 1 of a multispeed compound shaped and designed in accordance

-with the invention with final speed design for use in overland vehicles (5a) and

city vehicles (5b).
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What 1s claimed 1s;

1. A hydrodynamic-mechanical multispeed compound transmission with at least four
speeds with a transmission input shaft and a transmission output shaft, said transmission
comprising:

a hydrodynamic transmission part and a mechanical transmission part connected in
series, viewed in the direction of power flow, with means for circumventing the
hydrodynamic transmission part during the transmission of power being provided;

said hydrodynamic transmission part includes at least one hydrodynamic speed-
torque converter;

said mechanical transmission part includes a mechanical speed-torque converter
device with at least two planetary gear trains, said mechanical transmission part designed 1n
such a manner that a translation in the theoretically possible and successive gear steps that
can be used cause gear step jumps, each said gear step jump representing a gear step increase
from one gear step to a higher gear step, each said gear step jump having a gear translation
ratio between said gear steps associated therewith, said gear translation ratio being defined as
phi, ph1 <1.45 associated with each said gear step jump where the gear steps theoretically
directly follow one another, said mechanical transmission part further including a mechanical
rear-mounted train, the output of said mechanical speed-torque converter being coupled to
the input of the mechanical rear-mounted train, said rear mounted train comprising at least
one planetary gear train including a sun gear, an internal-geared wheel, planet gears, and a
planet carrier, the first transmission element of the first planetary gear train and the first
transmission element of the second planetary gear train as well as the input of the rear-
mounted train being formed in each instance by a web of the planetary gear trains; and

a coupling between the first transmission element of the first planetary gear train and
the first transmission element of the second planetary gear train of the mechanical speed-
torque converter device, said coupling forming the output of the mechanical speed-torque

converter device, said coupling being coupled to the input of the rear-mounted train.

2. The hydrodynamic-mechanical compound transmission according to claim 1, in

which said mechanical transmission part comprises at least six gear steps that can be
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theoretically realized, said mechanical transmission part designed such that a mechanical
translation in the individually, theoretically possible gear steps bring about gear step jumps
of phi <1.45 between the first and the second gear step as well as between the second and the

third gear step and of phi1 <1.25 between two successive gear steps of the following gears.

3. The hydrodynamic-mechanical compound transmission according to any one of
claims 1-2, in which 1=efifective gear translation for a given gear step, said mechanical
transmission part including transmission elements participating in a speed-torque conversion,
said transmission elements realizing a translation in the range of 3<1<3.25 in the first gear

step and a translation in the range of 0.7<1<0.9 in the last gear step.

4, The hydrodynamic-mechanical compound transmission according to any one of
claims 1-3, in which said hydrodynamic speed-torque converter comprises two stator

devices.

5. The hydrodynamic-mechanical compound transmission according to any one of
claims 1-4, including means for an at least indirect coupling of a further, second element of
the first planetary gear train and of a further, second element of the second planetary gear set

to the transmission input shatft.

6. The hydrodynamic-mechanical compound transmission according to claim 5, in
which said means for an at least indirect coupling of the further, second element of the first
planetary gear train and of the further, second element of the second planetary gear train to
the transmission input shaft includes a coupling device for coupling the second transmission
element of the first planetary gear train to the second transmission element of the second

planetary gear train.

7. The hydrodynamic-mechanical compound transmission according to claim 5, in
which said means for an at least indirect coupling of a further, second element of the first
planetary gear train and of a further, second element of the second planetary gear train to the
transmission iput shaft includes a further coupling device for the selective coupling of the

second element of the second planetary gear train to the transmission input shaft.
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8. The hydrodynamic-mechanical compound transmission according to any one of
claims 5-7, in which the second transmission element of the first planetary gear train can be
connected to a first stator of the hydrodynamic speed-torque converter via a freewheel 1n

such a manner that it rotates in unison with said stator.

0. The hydrodynamic-mechanical compound transmission according to any one of
claims 5-7, in which said second transmission element of the first planetary gear train 1s
formed by a sun gear of the first planetary gear train and that the second element of the

second planetary gear train is formed by a sun gear of the second planetary gear train.

10.  The hydrodynamic-mechanical compound transmission according to any one of
claims 4-9, in which a second stator of the hydrodynamic speed-torque converter is coupled

via a freewheel to the transmission housing.

11.  The hydrodynamic-mechanical compound transmission according to any one of
claims 1-10, in that shifting devices in the form of selective couplings and braking devices

are associated with said mechanical speed-torque converter and said rear-mounted train.

12. The hydrodynamic-mechanical compound transmission according to claim 11, in that
the second element of the first planetary gear train of the mechanical speed-torque converter

can be braked by a first braking device.

13.  The hydrodynamic-mechanical compound transmission according to claim 12, in that
a third element of the first planetary gear train of the mechanical speed-torque converter can

be braked by a second braking device.

14.  The hydrodynamic-mechanical compound transmission according to claim 13, in that
a third transmission element of the second planetary gear train of the mechanical speed-

torque converter can be braked by a third braking device.




CA 02322883 2004-01-19

44

15.  The hydrodynamic-mechanical compound transmission according to claim 14,
having a further, fourth braking device and a further, second coupling device are associated
with the planetary gear train of the rear-mounted train;

said fourth braking device coupled to the sun gear of the planetary gear train of the
rear-mounted train; and

said second coupling device serves to couple the sun gear to the planet to the carrier

of the planetary gear train of the rear-mounted train.

16.  The hydrodynamic-mechanical compound transmission according to any one of
claims 11-135, in that the shifting devices designed as braking devices and/or coupling

devices are designed with a laminar construction.

17.  The hydrodynamic-mechanical compound transmission according to any one of

claims 1-16, in that a control device is provided to control said transmission.

18.  The hydrodynamic-mechanical compound transmission according to any one of
claims 1-17, in which a control device is coupled to a plurality of positioning members for an

at least indirect control of individual shifting elements.

19.  The hydrodynamic-mechanical compound transmission according to claim 18, in
which said control device has an input that can be coupled to a device for selecting a shifting
plan that 1s characterized by the actuation of the individual shifting elements in the
appropriate sequence, and said control device comprises means for forming a regulated

quantity for controlling the shifting elements.

20.  The hydrodynamic-mechanical compound transmission according to claim 19, in

which said means is a programmed routine.

TOR LAW\5614794 v1
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Fig. 2

Shifting matrix and translations:

Speed - Brake
.
0 3.

- = released

o = applied
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