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

(19) World Intellectual Property Organization Vd”Ij

International Bureau ) I 0 0O O

(10) International Publication Number

WO 2009/089079 A2

(74) Agent: MACMILILAN, Richard, S.; MacMillan, Soban-
ski & Todd, LLC, One Maritime Plaza; 5th Floor, 720 Wa-
ter Street, Toledo, OH 43604 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

(43) International Publication Date
16 July 2009 (16.07.2009)

(51) International Patent Classification:
BG6OK 17/10 (2006.01) BG6OK 17/04 (2006.01)
FI6H 47/02 (2006.01)
(81)
(21) International Application Number:
PCT/US2009/030001

(22) International Filing Date: 2 January 2009 (02.01.2009)

(25) Filing Language: English LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
(26) Publication Language: English RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW.

009/089079 A2 |00 0 0000000 OO

61/018,540 2 January 2008 (02.01.2008) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

PARKER-HANNIFIN CORPORATION [US/US]; 7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

6035 Parkland Boulevard, Cleveland, OH 44124-4141 European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(US). FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,

MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ,

(72) Inventors; and CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
(75) Inventors/Applicants (for US only): LOEFFLER, John, TD, TG).

M. [US/US]; 3930 Mary Jane Lane, Olive Branch, MS
38654 (US). BLALOCK, James, A. [US/US]; 4155 Sum-
mers Place Drive, Olive Branch, MS 38654 (US).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: HYDRAULIC POWER OUTPUT UNIT AND HYDRAULIC HYBRID DRIVE SYSTEM INCLUDING SAME

o (57) Abstract: A hydraulic power output unit can be used in a hydraulic hybrid drive system for propelling a vehicle. The hydraulic

power output unit includes a housing having an input shaft that extends within the housing and is adapted to be rotatably driven by a
source of rotational power. A hydraulic pump is rotatably driven by the input driveshaft to pump hydraulic fluid. A vibration damper
is provided within the housing for dampening vibrations in the input shaft.

=



WO 2009/089079 PCT/US2009/030001

HYDRAULIC POWER OUTPUT UNIT AND
HYDRAULIC HYBRID DRIVE SYSTEM INCLUDING SAME

BACKGROUND OF THE INVENTION
[0001] This invention relates in general to a hydraulic power output unit for
generating hydraulic power on a vehicle. In particular, this invention relates to an
improved structure for such a hydraulic power output unit and to the use of such an
improved hydraulic power output unit in a hydraulic hybrid drive system for propelling a
vehicle.
[0002] Dirive train systems are widely used for generating power from a source and for
transferring such power from the source to a driven mechanism. Frequently, the source
generates rotational power, and such rotational power is transferred from the source of
rotational power to a rotatably driven mechanism. For example, in most land vehicles in
use today, an engine generates rotational power, and such rotational power is transferred
from an output shaft of the engine through a driveshaft to an input shaft of an axle
assembly so as to rotatably drive the wheels of the vehicle.
[0003] In some of these land vehicles and other mechanisms, a hybrid drive system
(also known as an energy recovery system) is provided in conjunction with the drive train
system to decelerate the rotatably driven mechanism, accumulate the energy resulting
from such deceleration, and use the accumulated energy to subsequently accelerate the
rotatably driven mechanism. To accomplish this, a typical hybrid drive system includes a
reversible energy transfer machine that is coupled to the drive train system and an energy
storage device that communicates with the reversible energy transfer machine. To
decelerate the vehicle, the hybrid drive system is operated in a retarding mode, wherein
the reversible energy transfer machine slows the rotation of the rotatably driven

mechanism and stores the kinetic energy of the vehicle in the energy storage device as
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potential energy. To subsequently accelerate the vehicle, the hybrid drive system is
operated in a driving mode, wherein the potential energy stored in the energy storage
device is supplied to the reversible energy transfer machine to rotatably drive the
rotatably driven mechanism. In a hydraulic type of hybrid drive system, pressurized fluid
is used as the actuating mechanism. In such a hydraulic hybrid drive system, an
accumulator functions as the energy storage device, and one or more hydraulic
pump/motors function as reversible hydraulic machines.

[0004] It is known to provide certain vehicles with hydraulic power output units for
providing hydraulic power to operate certain vehicle functions or accessories. One
example of a hydraulic accessory that is driven by a hydraulic power output unit is a trash
compacting cylinder on a refuse truck. The hydraulic power output unit is often
embodied as a hydraulic pump that is selectively connectable to the vehicle transmission
through a conventional power take-off.

[0005] When the vehicle is equipped with a hydraulic hybrid drive train system, a
hydraulic power output unit provides hydraulic power to drive the driven wheels of the
vehicle. There are generally two types of hydraulic hybrid drive train systems. In a
parallel hybrid hydraulic drive train system, the vehicle includes both a conventional
transmission as well as a hydraulic drive train system. A series hybrid hydraulic drive
train system includes only the hydraulic drive train system, and the conventional
transmission is removed from the vehicle. In both the parallel and series hybrid hydraulic
drive train systems, the hydraulic power output unit forms a portion of the hydraulic drive
train system for providing hydraulic power to a hydraulic motor for driving the driven
wheels of the vehicle.

[0006] One problem encountered in vehicle drive train assemblies and other rotatable
structures is that they tend to vibrate during operation. It is known that all mechanical
bodies have a natural resonant frequency at which they tend to vibrate when operated at
certain rotational speeds. This natural resonant frequency is an inherent characteristic of

the mechanical body and is based upon many factors, including its composition, size, and
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shape. In the context of vehicular drive train assemblies, the engine and transmission
assembly can sometimes generate vibrations that are transmitted to and accentuated by
the driveshaft tube when rotated. Also, driveshaft tube may itself be rotated at a velocity
that is at or near its natural resonant frequency (or one or more of the harmonics thereof),
causing vibrations to be induced therein. In either event, the vibrations generated in the
driveshaft tube are usually considered to be undesirable. Thus, it would be desirable to
provide an improved structure for a hydraulic power output unit that minimizes this

problem.

SUMMARY OF THE INVENTION
[0007] This invention relates to an improved structure for a hydraulic power output
unit and to the use of such an improved hydraulic power output unit in a hydraulic hybrid
drive system for propelling a vehicle. The hydraulic power output unit includes a
housing having an input shaft that extends within the housing and is adapted to be
rotatably driven by a source of rotational power. A hydraulic pump is rotatably driven by
the input driveshaft to pump hydraulic fluid. A vibration damper is provided within the
housing for dampening vibrations in the input shaft.
[0008] Various aspects of this invention will become apparent to those skilled in the
art from the following detailed description of the preferred embodiments, when read in

light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1 is a schematic diagram of a hydraulic power output unit in accordance
with this invention.
[0010] Fig. 2 is a schematic diagram of the hydraulic power output unit illustrated in
Fig. 1 used together with a first embodiment of a hydraulic hybrid drive system.
[0011] Fig. 3 is a schematic diagram of the hydraulic power output unit illustrated in

Fig. 1 used together with a second embodiment of a hydraulic hybrid drive system
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[0012] Fig. 4 is a schematic end elevational view of the drive unit illustrated in Fig. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0013] Referring now to the drawings, there is illustrated in Fig. 1 a hydraulic power
output unit, indicated generally at 10, in accordance with this invention. The hydraulic
power output unit 10 of this invention will be described and illustrated in the context of a
drive train system for a vehicle, specifically a hydraulic hybrid drive system. However,
such description and illustration are intended merely to illustrate one environment in
which this invention may be used. Thus, the scope of this invention is not intended to be
limited for use with the specific hydraulic hybrid drive systems or vehicular drive train
systems in general.
[0014] The illustrated hydraulic power output unit 10 includes a housing 11 that is
preferably formed from a durable and rigid material, such as a metallic material. The
housing 11 of the hydraulic power output unit 10 may be formed from either a single
piece of material or from a plurality of pieces of material that are connected together.
The illustrated housing 11 has a first opening 12 formed through a first side thereof and a
second opening 13 formed through a second side thereof that is opposite the first side.
The purposes for these first and second openings 12 and 13 will be explained below. A
conventional annular seal 12a is provided within the first opening 12 for a purpose that
will also be explained below.
[0015] If desired, the first side of the housing 11 may also be provided with a flange
portion, such as shown at 14. The flange portion 14 may be provided to facilitate the
mounting of the housing 11 on a support structure 15. For example, the flange portion 14
may be used to facilitate the mounting of the housing 11 on a portion of a clutch housing
15 or other component of a conventional drive train system, such as a vehicular drive
train system. The flange portion 14 may be shaped having a conventional SAE flange
structure or any other known flange type or shape to facilitate such mounting. In the

illustrated embodiment, the flange portion 14 extends about the first opening 14, although
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such is not required. Alternatively, the housing 11 of the hydraulic power output unit 10
may be mounted on the support structure 15 using any other desired means including, for
example, through holes with associated fasteners, integral mounting studs, and the like.
A cover 16 may be secured to the second side of the housing 11 to cover the second
opening 13 and thereby prevent dirt, water, and other contaminants from entering into the
interior of the hydraulic power output unit 10. Preferably, the cover 16 is selectively
removable from the housing 11 for a purpose that will be explained below. Additionally,
the illustrated housing 11 has third and fourth openings 17 and 18 formed through the
second side thereof. The purposes for these third and fourth openings 17 and 18 will also
be explained below.

[0016] An input shaft 20 extends through the first opening 14 formed through the first
side of the housing 11 into the interior of the hydraulic power output unit 10. The input
shaft 20 has an outer surface that is engaged by the seal 12a to prevent dirt, water, and
other contaminants from entering into the interior of the hydraulic power output unit 10.
The input shaft 20 is conventional in the art and may be rotatably driven by a
conventional source of rotational power (not shown). For example, the input shaft 20
may be embodied as a conventional engine crankshaft or similar rotatably drive
driveshaft. The illustrated input shaft 20 is rotatably supported on the housing 11 by a
first bearing 21 that is supported on the first side of the housing 11 and a second bearing
22 that is supported on the cover 16 secured to the second side of the housing 11. The
first and second bearings 21 and 22 may be embodied as conventional ball bearings,
needle bearings, roller bearings, or any other desired structures. Also, a single bearing
(not shown) with an overhung driveshaft may be used in place of the illustrated first and
second bearings 21 and 22.

[0017] The hydraulic power output unit 10 also includes a drive gear 23 that is
rotatably driven by the input shaft 20. In the illustrated embodiment, the drive gear 23 is
connected to the input shaft 20 for rotation therewith. For example, the drive gear 23

may be splined to the input shaft 20 in a conventional manner. Thus, the drive gear 23 is
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rotated whenever the input shaft 20 is rotated. The hydraulic power output unit 10 also
includes first and second driven gears 24a and 24b that are rotatably driven by the drive
gear 23. In the illustrated embodiment, each of the first and second driven gears 24a and
24b meshes with the drive gear 23 for rotation therewith. Thus, the first and second
driven gears 24a and 24b are rotated whenever the drive gear 23 is rotated.

[0018] The first and second driven gears 24a and 24b rotatably drive respective first
and second driveshafts 25a and 25b. The first and second driveshafts 25a and 25b are
rotatably supported on the housing 11 by respective pairs of bearings 26a and 26b. In the
illustrated embodiment, the first and second driven gears 24a and 24b are respectively
connected to the first and second driveshafts 25a and 25b for rotation therewith. For
example, the first and second driven gears 24a and 24b may be respectively splined to the
first and second driveshafts 25a and 25b in a conventional manner. Thus, the first and
second driveshafts 25a and 25b are respectively rotated whenever the first and second
driven gears 24a and 24b are rotated. The first and second driveshafts 25a and 25b
extend respectively through the third and fourth openings 17 and 18 formed through the
second side of the housing 11 into engagement with respective first and second hydraulic
pumps 27a and 27b. In the illustrated embodiment, the first and second hydraulic pumps
27a and 27b are supported on the housing 11 of the hydraulic power output unit 10,
although such is not required.

[0019] The first and second hydraulic pumps 27a and 27b may be embodied as any
desired structures that are responsive to the rotation of the respective first and second
driveshafts 25a and 25b for generating a flow of pressurized fluid. For example, the first
and second hydraulic pumps 27a and 27b may be embodied as gear pumps, gerotor
pumps, axial piston pumps, bent axis pumps, vane pumps, or the like. The first and
second hydraulic pumps 27a and 27b include respective input lines 28a and 28b that
communicate with a reservoir (not shown) or similar relatively low fluid pressure storage
device. Similarly, the first and second hydraulic pumps 27a and 27b include respective

output lines 29a and 29b that communicate with respective hydraulically actuated devices
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(not shown). If desired, the hydraulic power output unit 10 may be provided with only a
single one of the first and second hydraulic pumps 27a and 27b. In such an instance, the
opening 17 or 18 which is not provided with one of the first and second hydraulic pumps
27a and 27b may be closed by a separate cover (not shown) to prevent dirt, water, and
other contaminants from entering into the interior of the hydraulic power output unit 10.
[0020] The hydraulic power output unit 10 further includes a vibration damper 30 that
is adapted to dampen vibrations that may be generated in the input shaft 20 from the
source of rotational power. To accomplish this, the vibration damper 30 is supported on
the input shaft 20 for rotation therewith. For example, the vibration damper 30 may be
splined to the input shaft 20 in a conventional manner. Thus, the vibration damper 30 is
rotated whenever the input shaft 20 is rotated. The vibration damper 30 may be
embodied as any known structure that is capable of dampening vibrations that may be
present in the input shaft 20. For example, the vibration damper 30 may be embodied as
a conventional torsional damper assembly that includes a first portion that is secured to
the input shaft 20 for rotation therewith, a second portion that is supported on the first
portion for rotational movement relative thereto, and a dampening structure that reacts
between the first portion and the second portion. Typically, the dampening structure is
embodied as one or more springs that extend between the first portion and the second
portion of the vibration damper 30. When vibrations are present in the input shaft 20, the
first and second portions of the vibration damper 30 rotate slightly relative to one
another. The dampening structure absorbs some of the energy from such relatively
rotational movements, thereby dampening the magnitude of the vibrations that would
otherwise be transferred from the source of rotational power and through the input shaft
20 to the drive gear 23, the first and second driven gears 24a and 24b, the first and second
driveshafts 25a and 25b, and the first and second hydraulic pumps 27a and 27b. As a
result, the amount of undesirable vibrations that are transmitted through the hydraulic

power output unit 10 to the first and second hydraulic pumps 27a and 27b is minimized.
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[0021] As discussed above, the cover 16 is secured to the second side of the housing
11 to cover the second opening 13 and thereby prevent dirt, water, and other
contaminants from entering into the interior of the hydraulic power output unit 10.
Preferably, the cover 16 is selectively removable from the housing 11 to facilitate access
to the vibration damper 30 when needed. Such access may be desirable to adjust the
operation of the vibration damper 30, such as by adding, subtracting, or otherwise
changing the springs or other dampening structure. In this manner, the operation of the
vibration damper 30 can be customized to the specific application or environment for the
hydraulic power output unit 10. Also, such access may be desirable to perform
maintenance or repairs on the various components of the vibration damper 30.

[0022] Fig. 2 is a schematic diagram of the hydraulic power output unit 10 illustrated
in Fig. 1 used together with a first embodiment of a hydraulic hybrid drive system,
indicated generally at 40. The structure and manner of operation of the hydraulic power
output unit 10 is substantially the same as described above with regard to Fig. 1, with the
exception that in the embodiment illustrated in Fig. 2, the hydraulic power output unit 10
includes only a single one of the driven gears 24a, driveshafts 25a, bearing pairs 26a, and
hydraulic pumps 27a. As described above, a cover 11a covers the fourth opening 18
formed through in the second side of the housing 11.

[0023] The hydraulic hybrid drive train 40 also includes a drive unit, indicated
generally at 41. The drive unit 41 is spaced apart from the hydraulic power output unit
10 and is preferably located between a pair of opposed side rails of the frame of the
vehicle. The drive unit 41 is generally conventional in the art and includes a housing 42
having opposed first and second sides. The drive unit 41 includes a hydraulic motor 43
that communicates through the lines 28a and 29a with the first hydraulic pump 27a of the
hydraulic power output unit 10. By locating the hydraulic motor 43 on the first side of
the housing 42 that is located nearest to the first hydraulic pump 27a of the hydraulic
power output unit 10, the amount of fluid piping between the first hydraulic pump 27a

and the hydraulic motor 43 can be minimized. In the illustrated embodiment, the
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hydraulic motor 43 is directly supported on the housing of the drive unit 42, although
such is not required. The purpose for and manner of operation of the hydraulic motor 43
will be explained below.

[0024] The hydraulic motor 43 is adapted to rotatably drive a shaft 44 that extends
through a first opening 45 formed through the first side of the drive unit 41 and,
therefore, functions as an input shaft to the drive unit 41. The shaft 44 may be supported
for rotation relative to the housing 42 by one or more bearings, such as shown at 45a
within the first opening 45. The shaft 44 transfers rotational power to an output shaft 46
by any known means, as indicated by the dotted lines in Fig. 2. For example, rotational
power can be transferred from the shaft 44 to the output shaft 46 either directly or by a
plurality of gears (now shown) disposed within the housing 42 of the drive unit 41. The
plurality of gears can provide either a single gear ratio or a plurality of user-selectable
gear ratios between the shaft 44 and the output shaft 46. The output shaft 46 extends
through a second opening 47 formed through the second side of the drive unit 41. The
output shaft 46 may be supported for rotation relative to the housing 42 by one or more
bearings, such as shown at 47a within the second opening 47. The output shaft 46 of the
drive unit 41 may be co-axially aligned with the input shaft 20 of the hydraulic power
output unit 10, although such is not required. The output shaft 46 is connected to
rotatably drive one or more wheels (not shown) of a vehicle or other rotatably driven
device.

[0025] The hydraulic hybrid drive train 40 may also include one or more conventional
fluid storage devices 48. The fluid storage devices 48 are conventional in the art and
may, for example, include either or both of a low pressure reservoir and a high pressure
accumulator. Fig. 2 schematically illustrates the fluid storage devices 48 in a location
between the hydraulic power output unit 10 and the drive unit 40.

[0026] During operation of the hydraulic hybrid drive train 40, low pressure hydraulic
fluid is provided to the first hydraulic pump 27a of the hydraulic power output unit 10.
The first hydraulic pump 27a supplies high pressure hydraulic fluid to the hydraulic
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motor 43 of the drive unit 40. As a result, the hydraulic motor 43 causes the driveshaft
44 to rotate, which, in turn, causes rotation of the output shaft 46 to drive the wheels of
the vehicle. Alternatively, the first hydraulic pump 27a may pump hydraulic fluid into the
high pressure accumulator of the fluid storage device 48, and fluid from that high
pressure accumulator can be subsequently used to drive the hydraulic motor 43.

[0027] If the fluid storage device 48 includes a high pressure accumulator, the hybrid
hydraulic drive train 40 may be adapted to recover and store energy during certain events,
such as vehicle braking. In this situation, the drive unit 41 is either adapted to include a
hydraulic pumping unit (not shown) or the hydraulic motor 43 can be embodied as a
conventional hydraulic pump/motor assembly. In this instance, when a braking event
occurs, fluid is pumped from hydraulic pump/motor assembly to the high pressure
accumulator of the fluid storage device 48. At a later time, the pressurized fluid stored in
the high pressure accumulator is supplied to the drive the hydraulic pump/motor
assembly and, in turn, rotate the output shaft 118 and driven wheels of the vehicle.
[0028] Fig. 3 is a schematic diagram of the hydraulic power output unit 10 illustrated
in Fig. 1 used together with a second embodiment of a hydraulic hybrid drive system,
indicated generally at 50. The structure and manner of operation of the hydraulic power
output unit 10 is substantially the same as described above with regard to Fig. 1.

[0029] The hydraulic hybrid drive train 50 also includes a drive unit, indicated
generally at 51. The drive unit 51 is spaced apart from the hydraulic power output unit
10 and is preferably located between a pair of opposed side rails of the frame of the
vehicle. The drive unit 51 is generally conventional in the art and includes a housing 52
having opposed first and second sides. The drive unit 51 includes a hydraulic motor 53
that communicates through the lines 28a and 29a with the first hydraulic pump 27a of the
hydraulic power output unit 10. By locating the hydraulic motor 53 on the first side of
the housing 52 that is located nearest to the first hydraulic pump 27a of the hydraulic
power output unit 10, the amount of fluid piping between the first hydraulic pump 27a

and the hydraulic motor 53 can be minimized. In the illustrated embodiment, the
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hydraulic motor 53 is directly supported on the housing of the drive unit 52, although
such is not required. The purpose for and manner of operation of the hydraulic motor 53
will be explained below. The hydraulic motor 53 is adapted to rotatably drive a first
input shaft 54 to the drive unit 51. The first input shaft 54 to the drive unit 51 extends
through a first opening 55 formed through the first side of the drive unit 51. The first
input shaft 54 to the drive unit 51 may be supported for rotation relative to the housing 52
by one or more bearings, such as shown at 55a within the first opening 55.

[0030] Inthe embodiment illustrated in Fig. 3, the second driveshaft 25b of the
hydraulic power output unit 10 is not connected to rotatably drive the second hydraulic
pump 27b. Rather, the second driveshaft 25b of the hydraulic power output unit 10 is
connected to rotatably drive a second input shaft 56 to the drive unit 51. The second
driveshaft 25b of the hydraulic power output unit 10 may be connected to rotatably drive
the second input shaft 56 to the drive unit 51 by any conventional means such as, for
example, a conventional driveshaft (indicated schematically at 56a) extending
therebetween. Preferably, a clutch (not shown) is provided such that the second
driveshaft 25b of the hydraulic power output unit 10 is selectively engaged to rotatably
drive the second input shaft 56 to the drive unit 51. Such a clutch may, for example, be
provided as part of the hydraulic power output unit 10. The second input shaft 56 to the
drive unit 51 extends through a second opening 57 formed through the first side of the
drive unit 51. The second input shaft 56 to the drive unit 51 may be supported for
rotation relative to the housing 52 by one or more bearings, such as shown at 57a within
the first opening 57.

[0031] The first input shaft 54 and the second input shaft 56 transfer rotational power
to an output shaft 58 by any known means, as indicated by the dotted lines in Fig. 2. For
example, a conventional clutching mechanism (not shown) may be provided within the
housing 52 of the drive unit 51 such that either the first input shaft 54 or the second input
shaft 56 is connected to transfer rotational power to the output shaft 58. Rotational power

can be transferred from the selected one of the first input shaft 54 and the second input
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shaft 56 to the output shaft 58 either directly or by a plurality of gears (now shown)
disposed within the housing 52 of the drive unit 51. The plurality of gears can provide
either a single gear ratio or a plurality of user-selectable gear ratios between the first
input shaft 54 and the second input shaft 56 and the output shaft 58. The output shaft 58
extends through a second opening 59 formed through the second side of the drive unit 51.
The output shaft 58 may be supported for rotation relative to the housing 52 by one or
more bearings, such as shown at 59a within the second opening 59. The output shaft 58
of the drive unit 51 may be co-axially aligned with the input shaft 20 of the hydraulic
power output unit 10, although such is not required. The output shaft 58 is connected to
rotatably drive one or more wheels (not shown) of a vehicle or other rotatably driven
device.

[0032] The hydraulic hybrid drive train 50 may also include one or more conventional
fluid storage devices 60. The fluid storage devices 60 are conventional in the art and
may, for example, include either or both of a low pressure reservoir and a high pressure
accumulator. Fig. 3 schematically illustrates the fluid storage devices 60 in a location
between the hydraulic power output unit 10 and the drive unit 50.

[0033] Fig. 4 is a schematic end elevational view of the first side of the drive unit 51
illustrated in Fig. 3. The drive unit 51 may further include an optional pump/motor 61 in
addition to the hydraulic motor 53. The pump/motor 61 may function as either a pump, a
motor, or both a pump and a motor for providing fluid to the fluid storage devices 60 or
using fluid from either the first hydraulic pump 27a or the fluid storage devices 60.
[0034] As also shown in Fig. 4, the driveshaft 56a that extends between the second
driveshaft 25b of the hydraulic power output unit 10 and the second input shaft 56 to the
drive unit 51 can be offset relative to rotational axes of the input shaft 20 driveshaft 22.
This offsetting of the driveshaft 56a enables the drive unit 51 to be more compact, while
still having both a mechanical connection to the second driveshaft 25b of the hydraulic
power output unit 10 and at least one hydraulic motor 53. As Fig. 4 illustrates, this

compactness of the drive unit 102 enables the drive unit to be located between the
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opposed side rails 62 of the frame of the vehicle. The embodiment illustrated in Figs. 3
and 4 may operate in a manner that is similar to that of Fig. 2, with the addition of
providing a direct drive mode for driving the wheels of the vehicle through input shaft 20,
the second driveshaft 25b, the driveshaft 56a, and the output shaft 58.

[0035] The principle and mode of operation of this invention have been explained and
illustrated in its preferred embodiments. However, it must be understood that this
invention may be practiced otherwise than as specifically explained and illustrated

without departing from its spirit or scope.
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What is claimed is:

1. A hydraulic power output unit comprising:

a housing;

an input shaft that extends within the housing and is adapted to be rotatably driven
by a source of rotational power;

a hydraulic pump that is rotatably driven by the input driveshaft to pump hydraulic
fluid; and

a vibration damper provided within the housing for dampening vibrations in the

input shaft.

2. The hydraulic power output unit defined in Claim 1 wherein the vibration

damper is supported on the input shaft for rotation therewith.

3. The hydraulic power output unit defined in Claim 2 wherein the vibration

damper is splined onto the input shaft.

4, The hydraulic power output unit defined in Claim 1 further including a
drive gear that is supported on the input shaft for rotation therewith and a driven gear that
is rotatably driven by the drive gear and is supported on a driveshaft for rotation

therewith so as to rotatably drive the hydraulic pump.

5. The hydraulic power output unit defined in Claim 1 wherein the hydraulic
pump is a first hydraulic pump and further including a second hydraulic pump that is

rotatably driven by the input driveshaft to pump hydraulic fluid.

6. The hydraulic power output unit defined in Claim 5 further including a
drive gear that is supported on the input shaft for rotation therewith, a first driven gear

that is rotatably driven by the drive gear and is supported on a first driveshaft for rotation

14
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therewith so as to rotatably drive the first hydraulic pump, and a second driven gear that
is rotatably driven by the drive gear and is supported on a second driveshaft for rotation

therewith so as to rotatably drive the second hydraulic pump.

7. The hydraulic power output unit defined in Claim 1 further including a
drive unit including an input shaft, a hydraulic motor that is rotatably driven by the
hydraulic pump of the hydraulic power output unit and rotatably drives the input shaft,
and an output shaft that is rotatably driven by the input shaft.

8. The hydraulic power output unit defined in Claim 7 wherein the vibration
damper is supported on the input shaft of the hydraulic power output unit for rotation

therewith.

0. The hydraulic power output unit defined in Claim 8 wherein the vibration

damper is splined onto the input shaft of the hydraulic power output unit.

10.  The hydraulic power output unit defined in Claim 7 wherein the hydraulic
power output unit further includes a drive gear that is supported on the input shaft for
rotation therewith and a driven gear that is rotatably driven by the drive gear and is

supported on a driveshaft for rotation therewith so as to rotatably drive the hydraulic

pump.

11.  The hydraulic power output unit defined in Claim 7 wherein the hydraulic
pump is a first hydraulic pump and wherein the hydraulic power output unit further
includes a second hydraulic pump that is rotatably driven by the input driveshaft to pump

hydraulic fluid.

15



WO 2009/089079 PCT/US2009/030001

12.  The hydraulic power output unit defined in Claim 11 further including a
drive gear that is supported on the input shaft for rotation therewith, a first driven gear
that is rotatably driven by the drive gear and is supported on a first driveshaft for rotation
therewith so as to rotatably drive the first hydraulic pump, and a second driven gear that
is rotatably driven by the drive gear and is supported on a second driveshaft for rotation

therewith so as to rotatably drive the second hydraulic pump.

13.  The hydraulic power output unit defined in Claim 7 wherein input shaft to
the drive unit is a first input shaft, and wherein the drive unit further includes a second
input shaft, the output shaft being selectively rotatably driven by either the first input or
the second shaft.

14.  The hydraulic power output unit defined in Claim 13 wherein the hydraulic
power output unit further includes a drive gear that is supported on the input shaft for
rotation therewith, a first driven gear that is rotatably driven by the drive gear and is
supported on a first driveshaft for rotation therewith so as to rotatably drive the first
hydraulic pump, and a second driven gear that is rotatably driven by the drive gear and is
supported on a second driveshaft for rotation therewith, the second driveshaft of the

hydraulic power output unit rotatably driving the second input shaft of the drive unit.
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