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(54) Transaxle for zero-turn vehicle

(57) A transaxle (10) includes an output shaft (11) to
be drivingly connected to one of right and left drive wheels
(2R, 2L) of a vehicle (100), a transaxle housing support-
ing the output shaft (11) laterally, a drive train (8) dis-
posed in the transaxle housing (12) so as to drive the
output shaft (11), and a motor (20, 120, 62, 70) externally
mounted onto the transaxle housing (12). A motor shaft
(25, 65) of the motor (20, 120, 62, 70) is disposed at one
end thereof in the transaxle housing (12) so as to be
drivingly connected to the output shaft (11) via the drive
train (8). A pair of first and second housing halves (13a,
13b) are joined to each other at a plane (V) perpendicular
to the output shaft (11) so as to constitute the transaxle
housing (12). Each of the first and second housing halves
(13a, 13b) is formed from an original housing half (13)
formed by a mold, so that the original housing half (13)
can be further formed into either the first or second hous-
ing half (13a, 13b) regardless of whether or not the orig-
inal housing half (13) is vertically and laterally reversed.
One of the first and second housing halves (13a, 13b)
has the output shaft (11) projecting outward therefrom.
One of the first and second housing halves (13a, 13b)
has the motor (20, 120, 62, 70) mounted thereon. The
transaxle (10) can serve as either a right transaxle (10R)
supporting a right output shaft (11R) to be drivingly con-
nected to the right drive wheel (2R) of the vehicle (100)
or a left transaxle (10L) supporting a left output shaft
(11R) to be drivingly connected to the left drive wheel
(2L) of the vehicle (100) depending on whether the
transaxle (10) is vertically and laterally reversed or not.
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Description

Technical Field

[0001] The present invention relates to a transaxle
configured so as to be paired to serve as right and left
transaxles supporting respective right and left axles of a
zero-turn vehicle such as a riding lawn mower.

Background Art

[0002] US 6,775,976 B discloses a pair of right and left
transaxles to be equipped on a zero-turn vehicle, such
as a riding lawn mower, so as to individually drive re-
spective right and left drive wheels. Outputs of the re-
spective right and left transaxles are differentially con-
trolled so as to enable zero-turn of the vehicle, i.e., so
that the vehicle can turn centered on a lateral middle
point thereof by driving right and left drive wheels at equal
speeds in opposite directions. The right and left transax-
les include respective right and left transaxle housings
mounted on a vehicle body frame of the vehicle. Each of
the right and left transaxle housings supports each of
right and left axles (or output shafts connected to axles),
incorporates hydraulic pump and motor for driving the
corresponding axle, and incorporates a reduction gear
train interposed between the hydraulic motor and the axle
(or output shaft). Each of the right and left transaxles is
dividable into two housing parts.
[0003] The right and left transaxle housings are later-
ally symmetric in shape, however, they are not standard-
ized to have a common shape because they need to have
respective brake arms at the same height. In other words,
each of the right and left transaxle housings cannot serve
as the other right or left transaxle housing even if it is
reversed vertically and laterally so as to exchange its top
and bottom ends for each other and so as to its right and
left ends for each other. As a result, two modules or molds
must be prepared for making the right and left transaxle
housings, thereby increasing costs.
[0004] EP 2088023 A discloses a riding lawn mower
equipped with front and rear transaxles each of which
supports right and left axles (or right and left output shafts
connected to respective right and left axles). The front
and rear transaxles are identical in structure and form to
each other so that a common transaxle housing can serve
as a transaxle housing of either of the front and rear
transaxles. A motor, e.g., a hydraulic motor or an electric
motor, for driving the axle or output shaft, is cantilevered
laterally from one of right and left side surfaces of the
transaxle housing of each of the front and rear transaxles.
However, this reference does not teach how to standard-
ize transaxle housings of respective right and left transax-
les individually supporting respective right and left axles
of a zero-turn vehicle, i.e., how to enable a transaxle
housing to serve as both a transaxle housing of a right
transaxle supporting a right axle (or output shaft) and a
transaxle housing of a left transaxle supporting a left axle

(or output shaft).
[0005] In this regard, in this lawn mower, the transaxle
housing of each of the front and rear transaxles is divid-
able at a vertical plane at a lateral middle portion thereof
into right and left housing halves which are substantially
laterally symmetric with respect to the vertical plane at
which they are joined to each other. A common housing
half can serve as either the right or left housing half de-
pending on whether or not it is vertically and laterally
reversed. In other words, the right housing half corre-
sponds to the left housing half when being vertically and
laterally reversed. The common housing half has upper
and lower half portions that are substantially symmetric
with respect to axes of the axles (or the output shafts),
however, it is formed with a boss for supporting a vertical
brake camshaft, and the boss is opened at only one of
top and bottom ends of the housing half. A brake arm is
provided on a head of the brake camshaft projecting out-
ward from the opening of the boss (hereinafter, the boss
opening). In the transaxle housing, one of the right and
left housing halves has the boss opening at its top end,
and the other of the right and left housing halves has the
boss opening at its bottom end. One of the boss openings
of the respective right and left housing halves is selec-
tively used to support the brake camshaft.
[0006] A required height of the brake arm to be provid-
ed on the brake camshaft is a significant factor for se-
lecting either the top boss opening of one housing half
or the bottom boss opening of the other housing half to
support the brake camshaft. Further, a required lateral
distance of the brake camshaft from the cantilevered mo-
tor, i.e., whether the right housing half or the left housing
half has the cantilevered motor mounted thereon is an-
other significant factor for selecting either the boss open-
ing of the right housing half or the boss opening of the
left housing half to support the brake camshaft.
[0007] The foresaid standardization of right and left
transaxles for a zero-turn vehicle means enabling one of
the right and left transaxles to be vertically and laterally
reversed to serve as the other of the right and left transax-
les. However, each of the right and left transaxles for a
zero-turn vehicle also has to satisfy requirement in loca-
tion of the motor, that is, to select whether the motor
should be cantilevered rightward or leftward from the
transaxle housing, i.e., whether the motor should be
mounted on the right housing half or the left housing half.
Even if the top boss openings of the respective right and
left transaxles should be selected to correspond to the
required height of the brake arms, one of the right and
left transaxles may happen to have the top boss opening
at a wrong distance from its motor. This problem inhibits
the transaxle housing supporting right and left axles as
shown EP 2088023 A from being adapted as a common
transaxle housing that can serve as both the right and
left transaxles supporting respective right and left axles
for a zero-turn vehicle.
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Summary of the Invention

[0008] An object of the present invention is to provide
a transaxle that can serve as either of right and left
transaxles supporting respective right and left axles (or
output shafts to be drivingly connected to respective right
and left drive wheels) of a vehicle, especially, a zero-turn
vehicle, such as a lawn mower, thereby promoting stand-
ardization of the right and left transaxles.
[0009] To achieve the object, a transaxle according to
the invention includes an output shaft to be drivingly con-
nected to one of right and left drive wheels of a vehicle,
a transaxle housing supporting the output shaft laterally,
a drive train disposed in the transaxle housing so as to
drive the output shaft, and a motor externally mounted
onto the transaxle housing. A motor shaft of the motor is
disposed at one end thereof in the transaxle housing so
as to be drivingly connected to the output shaft via the
drive train. A pair of first and second housing halves are
joined to each other so as to constitute the transaxle
housing. Each of the first and second housing halves is
formed from an original housing half formed by a mold,
so that the original housing half can be further formed
into either the first or second housing half regardless of
whether or not the original housing half is vertically and
laterally reversed. One of the first and second housing
halves has the output shaft projecting outward therefrom.
One of the first and second housing halves has the motor
mounted thereon. The transaxle can serve as either a
right transaxle supporting a right output shaft to be driv-
ingly connected to the right drive wheel of the vehicle or
a left transaxle supporting a left output shaft to be driv-
ingly connected to the left drive wheel of the vehicle de-
pending on whether the transaxle is vertically and later-
ally reversed or not. Preferably, the first and second hous-
ing halves are joined to each other at a plane that is per-
pendicular to the output shaft so as to constitute the
transaxle housing. Alternatively, preferably, the first and
second housing halves are joined to each other at a
plane, on which an axis of the output shaft extends, so
as to constitute the transaxle housing.
[0010] Therefore, due to the transaxle, right and left
transaxles supporting respective right and left output
shafts (or axles) for a zero-turn vehicle can be standard-
ized so as to reduce the number of molds for producing
transaxle housings of the right and left transaxles, there-
by reducing costs.
[0011] Preferably, the motor is a hydraulic motor pro-
vided with a housing. Thereby, the hydraulic motor is
configured to be fluidly connected to a hydraulic pump
provided on the vehicle via a pipe. The housing of the
hydraulic motor is a prototypic housing that can be further
formed to a housing of the hydraulic pump.
[0012] Therefore, due to the prototypical housing of
the hydraulic motor, the hydraulic pump and the hydraulic
motor can be standardized so as to reduce the number
of molds for producing housings of the hydraulic pump
and motor, thereby reducing costs.

[0013] Preferably, the original housing half that can be
further formed into either the first or second housing half
is formed with vertically symmetric top and bottom boss-
es for passing a brake camshaft therethrough.
[0014] Therefore, a brake arm can be provided on ei-
ther top or bottom end of the brake camshaft passed
through the top and bottom bosses of the first or second
housing half of the transaxle housing formed from the
original housing half so as to correspond to a required
position or height of the brake arm. For example, if the
brake arm should be provided on the top end of the brake
camshaft, the original housing half can provide the top
boss from which the top end of the brake camshaft
projects outward regardless of whether or not the original
housing half is vertically and laterally reversed to serve
as one of the first and second housing halves. Further,
for example, if the second housing half should support
the brake camshaft, the transaxle can have the brake
camshaft supported by the second housing half of its
transaxle housing regardless of whether or not the
transaxle is vertically and laterally reversed to serve as
one of the right and left transaxles for the zero-turn ve-
hicle.

Brief Description of the Drawings

[0015] Fig. 1 is a schematic plan view of a riding lawn
mower 100 as an example of a zero-turn vehicle
equipped with right and left transaxles 10R and 10L when
transaxles 10R and 10L are provided with respective
fixed displacement hydraulic motors 20.
[0016] Fig. 2 is a sectional plan view of housing halves
13 to be joined to constitute a transaxle housing 12 of a
transaxle 10 serving as either of right and left transaxles
10R and 10L when they are disposed laterally symmet-
rically and are separated from each other.
[0017] Fig. 3 is a sectional plan view of left transaxle
10L as representative of transaxle 10 provided with fixed
displacement hydraulic motor 20.
[0018] Fig. 4 is a sectional plan view of fixed displace-
ment hydraulic motor 20.
[0019] Fig. 5 is a sectional plan view of a variable dis-
placement hydraulic pump 30 that can be provided as
modification of fixed displacement hydraulic motor 20.
[0020] Fig. 6 is a sectional plan view of right transaxle
10R as representative of transaxle 10 provided with a
variable displacement hydraulic motor 120 that can be
provided as modification of fixed displacement hydraulic
motor 20.
[0021] Fig. 7 is a cross sectional view of right transaxle
10R taken along VII-VII line of Fig. 6.
[0022] Fig. 8 is a fragmentary plan view of represent-
ative right transaxle 10R showing a portion thereof with
an oil level gauge 130.
[0023] Fig. 9 is a sectional view of oil level gauge 130.
[0024] Fig. 10 is a plan view of left transaxle 10L as
representative of transaxle 10 with a sectional plan view
of a hydrostatic transmission 60 including hydraulic pump
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61 and motor 62 to be attached to transaxle 10.
[0025] Fig. 11 is a schematic plan view of lawn mower
100 equipped with right and left transaxles 10R and 10L
when transaxles 10R and 10L are provided with respec-
tive electric motors 70.

Detailed Description of the Invention

[0026] Referring to Fig.1, an entire structure of a lawn
mower 100 equipped with right and left transaxles 10R
and 10L will be described. Lawn mower 100 has a vehicle
body frame 5 from which a mower deck 3 incorporating
blades is suspended. Right and left casters 1R and 1L
serving as front wheels are provided on right and left front
ends of vehicle body frame 5. Right and left drive wheels
2R and 2L serve as right and left rear wheels and have
respective axles 2a serving as their respective center
axes. Axles 2a are journalled by right and left axle sup-
porting portions 5a of vehicle body frame 5 via respective
bearings 180.
[0027] Right and left transaxles 10R and 10L are sup-
ported by vehicle body frame 5 of lawn mower 100. A
single output shaft 11 R projects rightwardly outward from
a transaxle housing 12 of right transaxle 10R and is co-
axially joined to axle 2a of right drive wheel 2R via a
coupling member, such as a splined sleeve, so as to be
rotatable integrally with right drive wheel 2R. A single
output shaft 11L projects leftwardly outward from a
transaxle housing 12 of left transaxle 10L and is coaxially
joined to axle 2a of left drive wheel 2L via a coupling
member, such as a splined sleeve, so as to be rotatable
integrally with left drive wheel 2L. In other words, right
transaxle 10R and left transaxle 10L are disposed later-
ally symmetrically with respect to a longitudinal centerline
of lawn mower 100 at a lateral middle position between
axles 2a of right and left drive wheels 2R and 2L extended
coaxially to each other.
[0028] A first housing half 13a and a second housing
half 13b are joined to each other at their vertical joint
surfaces so as to constitute each of transaxle housings
12 of right and left transaxles 10R and 10L. In other
words, each transaxle housing 12 is dividable at a vertical
plane V (see Fig. 6) into first and second housing halves
13a and 13b. An output shaft 11 serving as either of right
and left output shafts 11R and 11L projects outward from
first housing half 13a. A motor for driving output shaft 11
(in the embodiment shown in Fig. 1, a fixed displacement
hydraulic motor 20) is laterally cantilevered onto a right
or left outside surface of second housing half 13b.
[0029] In other words, transaxle housing 12 of right
transaxle 10R is provided at a right side thereof with first
housing half 13 a from which output shaft 11R projects
rightward, and is provided at a left side thereof with sec-
ond housing half 13b whose left outside surface has hy-
draulic motor 20 mounted thereon. Transaxle housing 12
of left transaxle 10L is provided at a left side thereof with
first housing half 13a from which output shaft 11R
projects leftward, and is provided at a right side thereof

with second housing half 13b whose right outside surface
has hydraulic motor 20 mounted thereon. As a result,
hydraulic motors 20 attached to transaxle housings 12
of respective right and left transaxles 10R and 10L are
disposed laterally symmetrically with respect to the lon-
gitudinal centerline of lawn mower 100 at the lateral mid-
dle position between transaxle housings 12 of right and
left transaxles 10R and 10L.
[0030] Each of first and second housing halves 13a
and 13b is formed with upper and lower mount bosses
14 each of which is configured so as to be fastened to
vehicle body frame 5 via a bolt fitted thereinto. Upper and
lower bosses 14 of each of first and second housing
halves 13a and 13b are vertically symmetric with respect
to an axis of output shaft 11 serving as each of right and
left output shafts 11R and 11L. Upper bosses 14 of re-
spective first and second housing halves 13a and 13b
joined to each other are laterally symmetric with respect
to vertical plane V (see Fig. 6). Also, lower bosses 14 of
respective first and second housing halves 13a and 13b
joined to each other are laterally symmetric with respect
to vertical plane V (see Fig. 6).
[0031] As detailed later, to providing first and second
housing halves 13a and 13b, original housing halves 13
are formed by a common mold so as to have the same
shape, and each original housing half 13 is formed by
machining processes into either first or second housing
half 13a or 13b. Transaxle housing 12 constituted by mu-
tually joined first and second housing halves 13a and 13b
serves as transaxle housing 12 of right transaxle 10R
when it is disposed to have first housing half 13a at its
right side and to have second housing half 13b at its left
side, and transaxle housing 12 of right transaxle 10R can
also serve as transaxle housing 12 of left transaxle 10L
when it is vertically and laterally reversed so as to have
first housing half 13a at its left side and so as to have
second housing half 13b at its right side.
[0032] Further referring to Fig. 1, lawn mower 100 is
provided with a pair of right and left variable displacement
hydraulic pumps 30. Right hydraulic pump 30 is fluidly
connected to hydraulic motor 20 of right transaxle 10R
via a pair of pipes 6 so as to constitute a closed fluid
circuit of a right hydrostatic transmission system includ-
ing right hydraulic pump 30 and hydraulic motor 20 of
right transaxle 10R. Left hydraulic pump 30 is fluidly con-
nected to hydraulic motor 20 of left transaxle 10L via an-
other pair of pipes 6 so as to constitute a closed fluid
circuit of a left hydrostatic transmission system including
left hydraulic pump 30 and hydraulic motor 20 of left
transaxle 10L. Right and left hydraulic pumps 30 have
respective vertical input shafts 33 that are drivingly con-
nected to a vertical output shaft of an engine (not shown)
via a belt transmission (not shown) or the like.
[0033] Each of right and left hydraulic pumps 30 is pro-
vided with a control arm 7 to be operated for controlling
its delivery direction and quantity. Lawn mower 100 is
provided with right and left operation devices, such as
levers or pedals, that are operatively connected to re-
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spective control arms 7 of right and left hydraulic pumps
30. When the right and left operation devices are oper-
ated to move control arms 7 of right and left hydraulic
pumps 30 to equal degrees in the same direction, lawn
mower 100 travels forward or backward. When the right
and left operation devices are operated to differentially
move control arms 7 of right and left hydraulic pumps 30
in direction or in degree, lawn mower 100 turns right or
left. If the right and left operation devices are operated
to move control arms 7 to equal degrees in opposite di-
rections, lawn mower 100 zero-turns.
[0034] Lawn mower 100 is provided with a reservoir
tank 4 disposed between right and left hydraulic pumps
30 so as to store surplus fluid from right and left hydraulic
pumps 30 and from hydraulic motors 20 of right and left
transaxles 10R and 10L. Further, lawn mower 100 is pro-
vided with a fluid supply system (not shown) for supple-
menting fluid from reservoir tank 4 to the above-men-
tioned closed circuits of the right and left hydrostatic
transmission systems.
[0035] Transaxle housing 12 of each of right and left
transaxles 10R and 10L will be described with reference
to Fig. 2 and with reference to representative left transax-
le 10L shown in Fig. 3. Original housing half 13 formed
by the above-mentioned common mold looks like a shell
when viewed in side (in the axial direction of output shaft
11R or 11L) so as to define a half of a chamber for incor-
porating a later-discussed reduction gear train 8, a later-
discussed brake 40, and output shaft 10R or 10L. Original
housing half 13 is formed with a wall 131 intercepting a
passage for output shaft 11R or 11L so as to shut the
chamber from the outside of transaxle housing 12. Fur-
ther, original housing half 13 is formed with an outer re-
cess 132 on an outside surface thereof to be offset for-
ward or rearward from wall 131, and is formed with an
inner recess 132 on an inner wall facing outer recess 131.
[0036] When original housing half 13 is going to serve
as first housing half 13a, wall 131 is bored through with
a hole 131 a for passing output shaft 11R or 11L by a
machining process. When original housing half 13 is go-
ing to serve as second housing half 13b, outer recess
132 is expanded by a machining process so as to be
formed to fit an end portion of a motor housing 21a (or
21b as shown in Fig. 6) of hydraulic motor 20, and inner
recess 133 is expanded outward by a machining process
so as to form a hole 133a that is extended outward from
inner recess 133 and is connected to outer recess 132
so as to allow a motor shaft 25 of hydraulic motor 20 to
pass therethrough when motor housing 21a (or 21b) of
hydraulic motor 20 is attached to the outer surface of
expanded outer recess 132.
[0037] Alternatively, original housing half 13 may be
closed at an outer end of its rightward or leftward pro-
jecting portion, and this closed outer end may serve as
wall 131 that can be bored with hole 131a from which
output shaft 11 projects outward. Each of first and second
housing halves 13a and 13b of transaxle housing 12 of
later-discussed transaxle 10 (representative right

transaxle 10R) shown in Fig. 6 is formed from original
housing half 13 formed in this manner.
[0038] In this way, to constitute transaxle housing 12
of each of right and left transaxles 10R and 10L, two
original housing halves 13 are prepared, one original
housing half 13 is formed by the machining process into
first housing half 13a for extending output shaft 11R or
11L outward therefrom, and the other original housing
half 13 is formed by the machining process into second
housing half 13b for mounting hydraulic motor 20 there-
on.
[0039] Alternatively, transaxle housing 12 may be con-
stituted by joining upper and lower housing halves at a
horizontal plane on which an axis of the output shaft ex-
tends. Each of the upper and lower housing halves may
be formed by machining process from an original housing
half formed by a common mold. In this case, the original
housing half is formed on a right portion thereof with a
half of wall 131, a half of recess 132 and a half of recess
133, and is formed on a left portion thereof with a half of
wall 131, a half of recess 132 and a half of recess 133,
so that the right halves of wall 131 and recesses 132 and
133 and the left halves of wall 131 and recesses 132 and
133 are laterally symmetric. Depending on whether each
original housing half is intended to serve as the upper
housing half or the lower housing half, either of the right
and left halves of walls 131 of the original housing half
is selected to be formed with a half of hole 131 a for
passing output shaft 11, and either of the right and left
halves of recesses 132 and 133 is selected to be formed
for mounting motor 20 and for passing motor shaft 25.
[0040] Each transaxle housing 12 constituted by join-
ing the upper and lower housing halves at the horizontal
plane can also serve as either transaxle housing 12 of
right transaxle 10R provided at a right portion thereof with
hole 131 a having right output shaft 11 R extended out-
ward therefrom or transaxle housing 12 of left transaxle
10L provided at a left portion thereof with hole 131 a
having left output shaft 11L extended outward therefrom,
depending on whether it is vertically and laterally re-
versed or not.
[0041] Furthermore, as detailed later, each transaxle
10 has a common structure such that an output shaft 11,
serving as either of output shafts 11R and 11L, and hy-
draulic motor 20 are extended laterally outward in oppo-
site directions from its transaxle housing 12 incorporating
brake 40 and reduction gear train 8. The only required
thing for achieving the arrangement of laterally symmetric
right and left transaxles 10R and 10L with respective hy-
draulic motors 20 between respective transaxle housings
12 as shown in Fig. 1 is that two transaxles 10 having
the common structure are prepared, one transaxle 10 is
disposed to extend output shaft 11 rightwardly outward
from transaxle housing 12 and to extend hydraulic motor
20 leftwardly outward from transaxle housing 12 so as
to serve as right transaxle 10R supporting right output
shaft 11R, the other transaxle 10 is disposed to extend
output shaft 11 leftwardly outward from transaxle housing
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12 and to extend hydraulic motor 20 rightwardly outward
from transaxle housing 12 so as to serve as left transaxle
10L supporting left output shaft 11L, and these right and
left transaxles 10R and 10L are mounted to vehicle body
frame 5.
[0042] The above-mentioned forming of original hous-
ing half 13 into either of first and second housing halves
13a and 13b stands on the premise that hydraulic motors
20 should be arranged between (i.e., on the lateral prox-
imal sides of) transaxle housings 12 of respective right
and left transaxles 10R and 10L. Alternatively, if hydraulic
motors 20 are desired to be mounted on the lateral distal
sides oftransaxle housings 12 of respective right and left
transaxles 10R and 10L as well as output shafts 11R and
11L projecting in the lateral distal directions from respec-
tive transaxle housings 12, one of two original housing
halves 13 prepared for constituting each transaxle hous-
ing 12 may have its wall 131 and recesses 132 and 133
formed by the machining processes so as to enable ex-
tending both output shaft 11 and hydraulic motor 20 out-
ward therefrom, and the other of the prepared two original
housing halves 13 may have no machining process for
deforming its wall 131 and recesses 132 and 133.
[0043] An interior structure of each of right and left
transaxles 10R and 10L will be described with reference
to representative left transaxle 10L shown in Fig. 3, and
with reference to representative right transaxle 10R
shown in Figs. 6 and 7. Hydraulic motor 20 is mounted
onto each transaxle housing 12, so that motor shaft 25
extends laterally horizontally (i.e., parallel to output shaft
11) so as to have its proximal end (i.e., a right end of
motor shaft 25 in right transaxle 10R, or a left end of
motor shaft 25 in left transaxle 10L) in transaxle housing
12, and so as to have its distal end (i.e., a left end of
motor shaft 25 in right transaxle 10R, or a right end of
motor shaft 25 in left transaxle 10L) outside transaxle
housing 12. Each transaxle housing 12 supports output
shaft 11 (i.e., right output shaft 11R or left output shaft
11L) and incorporates brake 40 and reduction gear train
8. Brake 40 is provided around the proximal end of motor
shaft 25 in the half chamber of second housing half 13b.
Output shaft 11 (i.e., output shaft 11R or 11L) is support-
ed by housing halves 13a and 13b via respective bear-
ings. Gears constituting reduction gear train 8 are as-
sembled in transaxle housing 12 so as to be interposed
between the proximal end of motor shaft 25 and output
shaft 11. On the assumption that hydraulic motor 20 is
mounted on second housing half 13b, first and second
housing halves 13a and 13b are joined and fastened to
each other to constitute transaxle housing 12 incorporat-
ing brake 40 and reduction gear train 8, thereby complet-
ing transaxle 10 that may serve as either right transaxle
10R or left transaxle 10L. This transaxle 10 serves as left
transaxle 10L as shown in Fig. 3 when first housing half
13a is disposed at the left side thereof, and this transaxle
can also serve as right transaxle 10R as shown in Fig. 6
when first housing half 13a is disposed at the right side
thereof.

[0044] Brake 40 includes a brake arm 41, a brake cam-
shaft 42, a brake shoe 43, and a brake rotor 25a. Brake
rotor 25a is fixed on the proximal end portion of motor
shaft 25. Brake shoe 43 is disposed in transaxle housing
12 so as to face brake camshaft 42, so that brake shoe
43 is moved by the rotation of brake camshaft 42 so as
to be shiftable between a braking position where it is
pressed against brake rotor 25a to brake motor shaft 24
and an unbraking position where it is separated from
brake rotor 25a to allow rotation of motor shaft 25. Brake
arm 41 is fixed on an end portion of brake camshaft 42
projecting outward from transaxle housing 12 and is op-
eratively connected to a brake operation device provided
on the vehicle (lawn mower 100).
[0045] In this regard, original housing half 13 is formed
through upper and lower walls thereof with top and bot-
tom bosses 15, as shown in Fig. 7. Both top and bottom
bosses 15 are opened outward, i.e., top boss 15 is
opened upwardly outward, and bottom boss 15 is opened
downwardly outward. Vertical brake camshaft 42 is ro-
tatably fitted through top and bottom bosses 15 of hous-
ing half 13, and one end portion of brake camshaft 42
projects outward from one of bosses 15 so as to be fixedly
provided thereon with brake arm 41. In this embodiment,
brake arm 41 is fixed on a top end portion of brake cam-
shaft 42 projecting upward from top boss 15 of housing
half 13. Top and bottom bosses 15 are symmetrical with
respect to a horizontal plane intersecting a horizontal axis
of output shaft 11R or 11L. Therefore, either of the two
bosses 15 can be used to have the end portion of brake
camshaft 42 projecting outward from its open end to be
provided thereon with brake arm 41. In this way, each
boss 15 can becomes either the top boss or the bottom
boss depending on whether housing half 13a or 13b hav-
ing this boss 15 is vertically and laterally reversed or not.
[0046] In the embodiment shown in Fig. 1, each of right
and left transaxles 10R and 10L has brake arm 41 on its
second housing half 13b on which hydraulic motor 20 is
cantilevered. In other words, regardless of whether sec-
ond housing half 13b is disposed at the right side of
transaxle housing 12 or at the left side of housing 12,
second housing half 13b can be provided with top boss
15 from which the top end of brake camshaft 42 projects
outward to have brake arm 41 thereon.
[0047] Alternatively, top and bottom bosses 15 of first
housing half 13a may be used for supporting brake cam-
shaft 42, and brake arm 41 may be provided on a bottom
end portion of brake camshaft 42 projecting downward
from bottom boss 15 of housing half 13.
[0048] In this way, due to the common mold for forming
original housing half 13 that can be further formed into
either of first and second housing halves 13a and 13b of
each of right and left transaxles 10R and 10L, standard-
ization of transaxle housings 12 of right and left transax-
les 10R and 10L for the zero-turn vehicle such as lawn
mower 100 is promoted.
[0049] Referring to Figs. 1, 3 and 5, fixed displacement
hydraulic motor 20 includes motor housing 21 having one
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end fixed to above-mentioned expanded outer recess
132 of second housing half 13b. A port block 22 is fixed
to another opposite end of motor housing 21 so as to
cover an opening on this end of motor housing 21. A pair
of fluid ducts 23 are formed in port block 22 so as to be
connected to respective pipes 6. Port block 22 rotatably
supports the distal end of motor shaft 25. A cylinder block
24 is fitted on motor shaft 25 so as to be rotatable inte-
grally with motor shaft 25, is fitted to a surface of port
block 22 so as to be rotatable relative to port block 22,
and is disposed in motor housing 21. Pistons 26 are fitted
in cylinder block 22 , and abut against a fixed swash plate
26 supported in motor housing 21.
[0050] Fixed displacement hydraulic motor 20 shown
in Fig. 4 is a prototypical hydraulic motor that is applicable
to serve as either variable displacement hydraulic pump
30 shown in Fig. 5 or a variable displacement hydraulic
motor 120 shown in Fig. 6. More specifically, referring to
Figs. 4 and 5, motor housing 21 is formed by a mold so
as to support fixed swash plate 26, and motor housing
21 serves as a prototypical housing for forming a pump
housing 31 of hydraulic pump 30. That is, prototypical
motor housing 21 can be machined to cut off a portion
21 a so as to form a chamber 31a for accommodating a
trunnion type movable swash plate 32, and can be ma-
chined to cut off portions 21b and 21c so as to form op-
posite through holes 31b and 31c for pivotally supporting
respective trunnions 32a and 32b of movable swash plate
32. Referring to Fig. 4, trunnion 32a fitted in hole 31b
projects outward from pump housing 31 so as to be fix-
edly provided thereon with control arm 7. Hole 31 c is
diametrically larger than hole 31b, a cap 34 is fixedly
fitted into hole 31c, and trunnion 32b of movable swash
plate 32 is fitted into cap 34 fitted in hole 31c, so that
trunnion 32b is rotatable relative to cap 34 and pump
housing 31.
[0051] Movable swash plate 32 supported by pump
housing 31 is rotatable in opposite directions from its neu-
tral position so as to enable hydraulic pump 30 to deliver
fluid in either of opposite directions, thereby enabling cor-
responding hydraulic motor 20 to rotate motor shaft 25
in either of opposite directions, and thereby enabling cor-
responding right or left drive wheel 2R or 2L to rotate
forward or backward.
[0052] Referring to Fig. 6, each of right and left transax-
les 10R and 10L is provided with alternative variable dis-
placement hydraulic motor 120. Motor housing 121 of
hydraulic motor 120 is formed from prototypical motor
housing 21 by cutting off portions 21a and 21b of motor
housing 21, so as to form a chamber 121a for accommo-
dating a trunnion type movable swash plate 122, and so
as to form a through hole 121b through which a trunnion
122a of movable swash plate 122 is passed to project
outward from motor housing 121 so as to be fixedly pro-
vided thereon with a control arm 123. Movable swash
plate 122 may be identical or similar to movable swash
plate 32, chamber 121a and through hole 121b of motor
housing 121 corresponds to chamber 31a and through

hole 31b ofmotor housing 31. Motor housing 121 is not
formed with a diametrically large hole for retaining cap
34 for supporting another trunnion 122b of movable
swash plate 122, however, motor housing 121 is formed
with a recess 121c opposite to through hole 121b, and
trunnion 122b is relatively rotatably fitted into recess 121c
without cap 34. However, motor housing 121 of hydraulic
motor 120 may be formed with an alternative through
hole corresponding to through hole 31c so as to have
cap 34 for supporting trunnion 122b, and pump housing
31 of hydraulic pump 30 may be formed with an alterna-
tive recess corresponding to recess 121c so as to support
trunnion 32b without cap 34.
[0053] Movable swash plate 122 is shiftable between
a high speed position and a low speed position. Control
arm 123 or movable swash plate 122 is provided with a
detent mechanism for retaining movable swash plate 122
at either the high speed position or the low speed position.
Both the high and low speed positions of movable swash
plate 122 are located in one direction from a phantom
essential neutral position of movable swash plate 122,
so that the delivery direction of hydraulic motor 120 is
not changed depending on whether movable swash plate
122 is set at the high speed position or the low speed
position. The tilt angle of movable swash plate 122 from
its phantom essential neutral position, when movable
swash plate 122 is disposed at the high speed position,
is smaller than that of movable swash plate 122 when
movable swash plate 122 is disposed at the low speed
position, so that the displacement of hydraulic motor 120
when movable swash plate 122 is set at the high speed
position is less than the displacement of hydraulic motor
120 when movable swash plate 122 is set at the low
speed position, thereby enabling either high or low rotary
speed of motor shaft 25 on the assumption that the de-
livery direction and degree of corresponding hydraulic
pump 30 are constant.
[0054] Reference numerals designating respective
parts of hydraulic motor 20 shown in Figs. 3 and 4 are
adapted to designate corresponding parts of hydraulic
pump 30 shown in Fig. 5 and motor 120 shown in Fig. 6,
because these parts have the same structures or func-
tions as those of hydraulic motor 20. More specifically,
port block 22 having fluid ducts 23, cylinder block 24, and
pistons 26 are provided in hydraulic motor 20, and they
can serve as corresponding parts of each of hydraulic
pump 30 and hydraulic motor 120. Further, motor shaft
25 of hydraulic motor 20 can serve as input shaft 33 of
hydraulic pump 30 or motor shaft 25 of hydraulic motor
120.
[0055] Further, reference numerals designating re-
spective parts of representative transaxle 10L shown in
Fig. 3 are adapted to designate corresponding parts of
representative transaxle 10R shown in Figs. 5 and 6,
because these parts have the same structures or func-
tions as those of transaxle 10L shown in Fig. 3. The same
thing is true regarding reference numerals designating
parts of later-discussed alternative transaxles 10 shown
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in Figs. 10 and 11.
[0056] Referring to Figs. 1, 8 and 9, a fluid gauge 130
is provided on an upper surface of each transaxle housing
12. Fluid gauge 130 includes steps that are formed on
one of housing halves 13a and 13b so as to have different
depths. In this embodiment, the steps are three steps,
i.e., a shallowest step 130a, a middle step 130b, and a
deepest step 130c. Fluid gauge 130 further includes a
transparent plate 130d provided on transaxle housing 12
above steps 130a, 130b and 130c, so that steps 130a,
130b and 130c are visible through transparent plate
130d.
[0057] Fluid gauge 130 is provided for judging whether
the quantity of fluid filled into transaxle housing 12 reach-
es a satisfactory value or not. The fluid is lube for lubri-
cating gears of reduction gear train 8 and the like. The
fluid may be used for operating hydraulic motor 20. The
different depths of steps 130a, 130b and 130c are pro-
vided in consideration that the volume of fluid changes
according to change of its temperature. For example,
when fluid to be filled into transaxle housing 12 has a
high temperature, such as 40 degrees C, a quantity of
fluid when soaking shallowest step 130a is decided as a
proper quantity in consideration of expansion of the fluid
according to the high temperature. When fluid to be filled
into transaxle housing 12 has a low temperature, such
as 0 degree C, a quantity of fluid when soaking deepest
step 130a is decided as a proper quantity in consideration
of contraction of the fluid according to the low tempera-
ture. Middle step 130b corresponds to fluid having a nor-
mal temperature, such as 20 degrees C.
[0058] Steps 130a, 130b and 130c serving as fluid
gauge 130 may be initially formed on original housing
half 13 formed by the above-mentioned common mold,
or original housing half 13 may be further formed with
steps 130a, 130b and 103c by additional machining proc-
ess. If steps 130a, 130b and 130c are initially formed on
each original housing half 13, one of two housing halves
13 serving as first and second housing halves 13a and
13b of transaxle housing 12 of each of right and left
transaxles 10R and 10L comes to have steps 130a, 130b
and 130c on its upper surface. Therefore, these steps
130a, 130b and 130c on the upper surface of one housing
half 13a or 13b can be used as fluid gauge 130.
[0059] Transaxle 10 provided with a hydrostatic trans-
mission (hereinafter, HST) 60 including a hydraulic pump
61 and a hydraulic motor 62 according to an alternative
embodiment will be described with reference to repre-
sentative left transaxle 10L shown in Fig. 10. HST 60
includes an HST housing 63 incorporating hydraulic
pump 61 and motor 62, and includes a port block 64
formed therein with fluid ducts for fluidly connecting hy-
draulic pump 61 and motor 62 to each other. Port block
64 is fixed to HST housing 63 so as to cover HST housing
63 and so as to fit cylinder blocks of pump 61 and motor
62 in HST housing 63.
[0060] Port block 64 is fixed onto a right or left outside
surface of transaxle housing 12, i.e., of second housing

half 13b, so that an end portion of a motor shaft 65 of
hydraulic motor 62 projecting outward from port block 64
is disposed in transaxle housing 12 so as to be drivingly
connected to reduction gear train 8 and to be provided
with brake 40. Alternatively, the end portion of motor shaft
65 projecting outward from port block 64 may be disposed
outside of transaxle housing 12, and may be drivingly
connected to reduction gear train 8 in transaxle housing
12 via a belt transmission or the like if such an arrange-
ment is desired in consideration of a lateral width of the
vehicle or for another reason.
[0061] Referring to Fig. 11, alternative lawn mower 100
is equipped with right and left transaxles 10R and 10L,
each of which includes an electric motor 70 mounted onto
an outer surface of the lateral proximal side of second
housing half 13b of transaxle housing 12. Electric motors
70 of respective right and left transaxles 10R and 10L
are identical to each other in structure, shape and capac-
ity, thereby standardizing transaxle 10 that can serve as
either right transaxle 10R or left transaxle 10L. A motor
shaft (an output shaft) of electric motor 70 mounted on
transaxle housing 12 is extended into transaxle housing
12 so as to be provided with brake 40, and so as to be
drivingly connected to each output shaft 11R or 11L via
reduction gear train 8, similar to motor shaft 25 of hy-
draulic motor 20 or 120 or output shaft 65 of HST 60.
[0062] Lawn mower 100 shown in Fig. 11 is equipped
with electric motors 80 for driving respective blades 3a
in mower deck 3. All electric motors 80 may be identical
to one another in structure, shape and capacity. Alterna-
tively, lawn mower 100 may be equipped with a single
electric motor for driving blades 3a, and blades 3a may
mechanically interlock with one another so that an output
of the single electric motor can be transmitted to all blades
3a.

Claims

1. A transaxle (10) comprising:

an output shaft (11) to be drivingly connected to
one of right and left drive wheel (2R, 2L) of a
vehicle (100);
a transaxle housing (12) supporting the output
shaft (11) laterally;
a drive train (8) disposed in the transaxle hous-
ing (12) so as to drive the output shaft (11); and
a motor (20, 120, 62, 70) externally mounted
onto the transaxle housing (12),
wherein a motor shaft (25, 65) of the motor (20,
120, 62, 70) is disposed at one end thereof in
the transaxle housing (12) so as to be drivingly
connected to the output shaft (11) via the drive
train (8),
wherein a pair of first and second housing halves
(13a, 13b) are joined to each other so as to con-
stitute the transaxle housing (12),
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wherein each of the first and second housing
halves (13a, 13b) is formed from an original
housing half (13) formed by a mold, so that the
original housing half (13) can be further formed
into either the first or second housing half (13a,
13b) regardless of whether or not the original
housing half (13) is vertically and laterally re-
versed,
wherein one of the first and second housing
halves (13a, 13b) has the output shaft (11) pro-
jecting outward therefrom,
wherein one of the first and second housing
halves (13a, 13b) has the motor (20, 120, 62,
70) mounted thereon, and
wherein the transaxle (10) can serve as either
a right transaxle (10R) supporting a right output
shaft (11R) to be drivingly connected to the right
drive wheel (2R) of the vehicle (100) or a left
transaxle (10L) supporting a left output shaft
(11L) to be drivingly connected to the left drive
wheel (2L) of the vehicle (100) depending on
whether the transaxle (10) is vertically and lat-
erally reversed or not.

2. The transaxle according to claim 1, wherein the first
and second housing halves (13a, 13b) are joined to
each other at a plane (V), which is perpendicular to
the output shaft (11), so as to constitute the transaxle
housing (12).

3. The transaxle according to claim 1, wherein the first
and second housing halves are joined to each other
at a plane, on which an axis of the output shaft (11)
extends, so as to constitute the transaxle housing
(12).

4. The transaxle according to claim 1 wherein the motor
is a hydraulic motor (20) provided with a housing
(21), wherein the hydraulic motor (20) is configured
to be fluidly connected to a hydraulic pump (30) pro-
vided on the vehicle (100) via a pipe (6), and wherein
the housing (21) of the hydraulic motor (20) is a pro-
totypic housing that can be further formed to a hous-
ing (31) of the hydraulic pump (30).

5. The transaxle according to claim 1, wherein the orig-
inal housing half (13) that can be further formed into
either the first or second housing half (13a, 13b) is
formed with vertically symmetric top and bottom
bosses (15) for passing a brake camshaft (42) there-
through.
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