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Distributing valves of a swash plate type hydraulic drive transmission can make a cylinder block smaller and reduce the number of
processes and the number of parts. Distributing valves 63A alternately switch, corresponding to the axial reciprocating motion of
plungers 17, communication and cutoff between communication passages 65A communicated to oll chambers 61 opening to the
Inner surface of cylinder holes 16 and low pressure ports 66A and high pressure ports 6/7A communicated to a low pressure oll
passage 11A and a high pressure oll passage 12A opening to the inner surface of the cylinder holes 16.
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ABSTRACT OF THE DISCLOSURE

Distributing wvalves of a swash plate type

hydraulic drive transmission can make a cylinder block

smaller and reduce the number of processes and the number
of parts. Distributing valves 63A alternately switch,
corresponding to the axial reciprocating" motion of
plungers 17, communication and cutoff ;between
communication passages 65A communicated to o0il chambers
61 opening to the inner surface of cylinder'holes 16 and
low pressure ports 66A and high pressure ports 674
communicated to a low pressure oil passage 11A and'a high

pressure oil passage 12A opening to the inner Surface of

the cylinder holes 16.
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TITLE: SWASH PLATE TYPE HYDRAULIC DRIVE TRANSMISSION AND
HYDROSTATIC TYPE CONTINUOUSLY VARIABLE TRANSMISSION '

FIELD OF THE INVENTION

The present invention relates to a swash plate
type hydraulic drive transmission and a hydrostatic type
continuously variable transmission. In partic_ular, the
present invention relates to improvement of a swash plate
type hydraulic drive tr‘ansmission and a hydrostatic type
continuously variable transmission each having
distributing valves so that when plungers are rhoved to a
side for expanding 0il chambers, the o1l chambers are
communicated to low pressure o0il passages; and when
plungers are moved to a side for reducing oil chambers,
the oil chambers are communicated to high pressure oil

passages.

BACKGROUND OF THE INVENTION

Such\ a swash plaﬁe tvpe hydraulic drive
transmission and a hydrostatic type continuously variable
transmission have been already well known inz Japanese
Published Unexamined Patent Application No. Heil . 11—82288'.
In these, a plurality of first distributing valves
slidably fitted in cylinder b’locks in parallel with a
plurality of pump plungers are reciprocatively -driven by
a first wvalve swash plate, and a plurality of ‘ second
distributing valvésslidably fitted in cylinder;blocks in
parallel with a plurality of motor plungers are
reéiprocatively driven by a second valve swash plate.

In the prior art, in addition to a plﬁrality of
pump cylinder-hdles and motor cylinder holes, a plurality
of sliding holes to slidably fit therein a plurality of

first and second distributing valves are provided in the
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cylinder block. The diameter of the ' cylinder block is

~increased to provide space for arranging these sliding
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holes and the number of processes must be increased in
order to drill the sliding holes.' The first énd second
distributing valves and a first and a second vélve swash
plate for driving these distributing valves are}necessary

pl—

and the number of parts 1s i1ncreased.

The present invention has been made in view of
such circumstances and an object of the present invention
1s to provide a swash plate type hydrauiic drive
transmission and a\hydrostatic typecontinuously variable.
transmission each having diStributing valves :which can
make a cylinder block smaller and reduce the number of

processes and the number of parts.

SUMMARY OF THE INVENTION _
To achieve the foregoing object, 1in the
invention according to one aspect, a swash plate type

hydraulic drive transmission in which rotors including

cylinder blocks are supported 1n a casing sO ‘as to be

rotatable about the axis of the cylinder blocks, plungers

whose outer end is brought into contact with and engaged
with swash plates to form o1l chambers betwe.en the
plungers and the closed ends of cylinder holes aré
slidably fitted in a plurality of the bottomed cylinder
holes provi-ded 'in the cylinder blocks in an annular
arrangement, and distributing valves which allow the o1l
chambers of the plungers moving to a side for expanding
the o0il chambers to be communicated to low préssure o1l
paSsages and which allow the o0il chambers of thé plungers
moving to a side for reducing the o0il chambers to be
conmunicated-. to high pressure oil passages are p\ro.vided
correspénding to the plungers between the low pressure
o1l passages and the high pressure o1l passages provided

in the rotors and the o0il chambers, whe%rein the
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distributing valves alternately switch, c.orresponding to
the axial reCipfOcating motion of the plungers,
communication and cutoff between a plur\ality of
communication passages communlcated to the 0il chambers

5 opening to the inner surface of the cylinder holes and a
plurality of low pressure and high pressure plorts
respectively cormnunicated to the low pressure oil
passages and the high pressure o0il passages epe_ning to
the inner surface of the cylinder holes. o '

10 - In another aspect of the invention ace-ording to

the above, distributing wvalves are constructed so as to

switch, by reciprocatively operated plungers,
communicatioh and cutoff between passages commuhieated to

0il chambers and low pressure and high pressure pert_s

15 respectively communi'c_ated to low 'pressure -oil passages
and high pressure o011l passages. Sliding holes only for

the distributing valves need not be provided in 1the
cylinde_r block to make the cylinder block smal]}.eri and to
reduce the number of processes. Parts only for “the

20 distributing valves are unnecessary to reduce the number

. of parts. ‘ ' |

In yet another aspect of the invention

according to the above, a hydrostatic type -coﬁtiﬁuously
variable transmission in which rotors including cylinder

25 Dblocks in common with hydraulic pumps and hydraulic
motors are supported in a casing sO as to' be rotatablei
about the axis of the c_ylvinder blocks, a plurality of
pump plungers provided 1in the hydraulic p.umps;- to forfn
pump o1l "chambers ‘between the pump plungers and ‘the\

30 closed end of pump cylinder holes are slidably ffitted in
the bottomed cylinder ~holes provided in the cylinder
blocks in an annular arrangement, a plurality of motor
plungers provided in the .hydraulic motors to form motor
o1l chambers between the motor plungers and t_he‘ closed

35 end of .m'otor cylinder holes are slidably fitted in the
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bottomed motor cylinder holes provided in ﬁthie' cylinder

blocks in an annular arrangement, a plurality of first

distributing valves which allow the pump oil chambers of
the pump plungers i1n a suction region to be cdnmunicated
to low pressure o1l passages and which allow the pump oil

chambers of the pump plungers in a discharge'region to be

communicated to high pressure oil passages are provided

corresponding to the pump plungers Dbetween the low.

pressure oil passages and the high pressure oil passages
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provided in the rotors and the pump oil chambers, and a
plurality of second distributing valves which _;allow the
motor o1l chambers of the motor plungers 1in an.z eXpanSion
région ?to be communicated to the high preSsure oili
passages and which allow the motor oil chambers of the
mdtor plungers in a reduction region to be coinmunicated
to the low pres'sur.e oil passages are provided'
corresponding to the motor plungers betweenz the - low
pressure 01l passages and the high pressure o1l p‘iassage:s
and the motor oil  chambers, wherein the first
distribﬁting valves alternately switch, corresponding to
the axial reciprocating motion of the pump ?plungers,
communication and cutoff between a plurality of pump side
communication passagés communicated to the ipump o1l
chambers opening to the 1nner surface of ;the: pump
cvylinder holes and a plurality of first low pres-sﬁ‘re an.d-
high pressure ports respectively communicated to the low
pressure oil passages and the high pressure oil passageS‘
opening to the inner surface of the pump cylinder holes,
and the second distributing valves alternately switch,

corresponding to the axial reciprOCating motion of the

motor plungers, communication and cutoff between a

plurality of motor = side communication passages

communicated to the motor oil chambers opening to the

innexr surface of the motor‘cylinder holes and a plurality

cf second low pressure and high p.ressure ports
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respectively comunicated- to the low preSSure | oi'l
passages and the high pressure o1l passages opening to
the inner surface of the motor cylinder holes.

In vyet another aspect of_ the \invention
according to the above, first distributing valves are:
constructed so as to switch, by reciprocatively operated
pump plungers, communication and cutoff between pump side
communication passages communicated to pump oil -C_hambers
and first low ©pressure and high pressure ports
respectively communicated to low pressure oil passages
and high pressure o1l passages; and second diistributing
valves  are constructed SO as to switch, by
reciprocatively operated motor plungers, comun_ication:
and cutoff between motor side communication passages

communicated to motor o1l chambers and second low

- pressure and high pressure ports | respectively'
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communicated to low pressure o1l passages ‘and high
pressure oil passages. Sliding holes only for the first
and seciond distributing wvalves need not be provided in
the cylinder block to make the cylinder block szhaller and
to reduce ‘the number of processes. Parts only for the
first and second distributing wvalves are unnecessary t‘o'
reduce the number of parts.

In vet another aspect  of the inirention
according to the above, in addition to the construction
of the invention aécording to the above, the rotor
indludes the cylinder block and a rotation axisicoaxially
préssed into the cylinder block, a plurality of the pump
side communication passages are in part constructéd by é
plurality of pump side communication grooves pﬁOVided in
the outer circumference surface of the rotation ?axis, and
a plurality of the motor side communication pas@Sages are
:Ln part constructed by a plural\ity of motor side
communication grooves provided in the outer circumference

surface of the rotation axis. According to such a
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construction, the pump side communication grooves and the
motor side communication grooves are easily provided in
the outer circumference surface of the rotation axis. The

number of processes can be further reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
. Preferred embodiments of the invention are
shown -in the drawings, wherein:

‘ Fig. - 1 is a longitudinal sectional wview of a
hydrostatic type continuously variable trnnsmission
according to a first embodiment and a cross-sectional
view taken along line 1 - 1 of Fig. 2.

Fig. 2 is a cross-sectional view of a rotor
viewed in the arrow direction of line 2 - 2 of Fig. 1.

Fig. 3 is a cross-sectional view taken along
line 3 - 3 of Fig. 2.

- Fig. 4 1s a cross-sectional view taiken along
line 4 - 4 of Fig. 3. '

. : Fig. 5 1s a cross-sectional view tdken .along.
line 5 — 5 of Fig. 3. * ‘

Fig. 6 1s an enlargement view of an arrow
indicating part 6 of Fig. 1.

Fig. ] 18 a development of the onter ’
circumference surface of a rotation axis in the
circumferential direction. . \

Fig. 8 1is an enlargement view of an arrow
indicating part 8 of Fig. 1. o

| Fig. 9 1s a diagramn showing the ‘operation

timing of pump plungers. ' ' '

| Flg 10 is a diagram showing the :;operation;
timing of motor plungers. '

Fig. 11 is a 1ongitudinal sectional :vie-w\ of a
hydrostatic  type continuously variable transmission
ac{:ording to a second empbodiment and a chSSLS-eCtional

view taken along line 11 - 1l-of-Fig. 12.
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Fig. 12 is a cross-sectional view of a rotor
viewed in the arrow direction of line 12 - 12 of-Fig. 11.
Fig. 13 1s a cross-sectional view taken along

line 13 - 13 of Fig. 12.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention will be
described hereinbelow based on the embodlmenl:s of the
present invention shown in the accompanying draWings.
' Figs. 1 to 10 show a first embodiment of the '
present invention. Fig. 1 is a longitudinal sectiona.l
view of a hYdrostatic - type continuously variable

transmlssz.on and a cross-sectional view taken along line

1 - 1 of Fig. 2. Fig._ 2 is a cross-sectional view of a
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rotor viewed in the arrow direction of line 2 - 2 of Fig.
1. Fig. 3 is-a'cross—sectional view taken along line 3 -
3 of Flg 2. Fig. 4 1is a cross-sectional view taken along

line 4 - 4 of F:Lg 3. Fig. 5 1s a cross-sectional view

taken along line 5 - 5 of Fig. 3f Fig. 6 is an

enlargement view of an arrow indicating part 6 of Fig. 1.
Fig. 7 is a de_velopment* of the outer circum‘ference
surface of a rotation axis in the circumferential
direction. Fig. 8 is an enlargement view of an arrow
indicating part 8 of Fig. 1. Fig. 9 1s a diagram Showing
operation timing'\ of pump plungers. Fig. 10 is a diagram
showing;operation timing of motor plungers.

In Fig. 1, i1n the hydrostatic type continuously

variable transmission, a swash .plate type fixed
displacement' hydraulic pump PA as a swash plate type
hydraulic drive transmission and a swash plate tvpe
varlable displacement hydraullc motor MA as another swash
plate type hydraulic drive transm1581on are connected via

a low pressure oil passage 11A and a high pressure oil

passage 12A to construct a hydraulic closed circuit.
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The hydraulic pump PA has an input cylindrical
shaft 14 provided in its outer circumference with a gear
13 to which power from a'power source such as engine, not

shown, is transmitted, a cylinder block 152 arranged

coaxially of the input cylindrical shaft 14 so as to be

covered in part, a plurality of pump plungers 17 slidably

fitted respectively in a plurality of bottomed pump
cylinder holes 16 provided in the cylinder blqck‘- 15A 1n
an annular arrangement so as to surround 1ts fotation
axis, and a pump swash plate 18 with whicﬁ the prdtruding
end from the cylinder block 15A of the pump plun’gers 17
1s brought into contact and engégéd SO as‘ td be
supportéd by.the input cylindrical shaft 14, l _
An angular contact bearing 19 ana a ball
bearing 20 are interposed between the pump swash plate 18
and the input cylindrical shaft 14. The pump swash plate
18 1is relatively, rotatably Supported by the  input
cylindrical shaft 14 so as to.hold a posture tilted at a
fixed angle to the axis of the cylinder block 15A. The
pump sWa-sh plate 18 can repeat suction and fdiéchérge
strokes by giving a reciprocating\ motion -to% the . pump
plungérs 17 when the input cylindrical shaft :14 1S
rotated. ‘ l
\ The cylinder block 15A is in common with the
hydraulic pump PA and the hydraulic motor MA..AErotor 23A

1s constructed by the cylinder block 15a4, a rotétion axis

21A coaxially pressed into the cylinder block 15A, and a
cylindrical member 22A fixed by shririk fit or Epréss '\fit
in the Outer circumference of the cylinder block 15A. The
rotor 23A 1is supported in a casing 26 so as to be
rotatable about the axis-of the éylinder block l';SI-!s..°

An angular contact Dbearing 24 1is :i.fnterpoSed '
between one end of the rotation axis 21A and i:hé input
cylindrical shaft 14. An angular contact beari‘ng‘ 25 is

interposed'between_the other end of the rotation axis 21A
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and the casing 26. A ball bearing 27 is finterp.oséd
between the c¢ylindrical member 22A and the input
cylindrical shaft 14. A ball bearing 28 is interposed
between the cylindrical member 22A and the césiﬁg 26. |
The hydraulic motor MA has the cylinder block
15A, a plurality of motor plungers 32 slidably fitted
respectively in a plurality of bottomed motoi; cylinder
holes 31 provided in the cylinder block 15A in an annular
arrangement so as to surround its rotation axis, a mctor
swash\ plate 33 with which the protruding end from the
cylinder Dblock 15A of the motor plungers 32 1s .brought
into contact and engaged, a swash plate holder 34 for
supporting the motor swash plate 33 wvia an angular
contact bearing 36 and a ball bearing 37, and a swash
plate anchor 35 p'rovi'ded 'in the casing 26 .;so as tb
support'the back surface of the swash plate holder'34;
The number of the motor cylinder holes 31 | and
the motor plungers '32 of the hYdraulic motor_MA? is set to.
an odd number equal to the number of the pump cylinder
holes 16 and the pu°mp -pluﬁgers 17 of the hydraulic pump
PA, for example, nine. The motor cylinder holés 31 and
the motor plungers 32 and the pump cylinder hoies'16 and
the pump plungers 17 are arranged to be mutually shifted

axially of the dylinder block 15A at the same angular
position along the 'Circumferential direction of the
cylinder blde 15A. \

Opposite contact sxirfa-ces 34a and 35a of the
swash plate holder 34 and the swash plate anch\,or '35 are
formed in spherical shape centering on the int;ersecting,
point of the rotation axis and the trunnion axis O of the
cylinder_ ‘block ':;LSA.- ‘The 's'wash plate holder 3::4 can be
rotat‘ed about the tru_nnion axis 0O to be supported by the t
swash plate anchor 35.

A screw axis 38 having an axis in parallel with

the rot_atio'n axis 21A 1is rotatably supported in the
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casing 26 via ball bearings 42 and 43. A mnut 40
threadedly engaged with the screw axis 38 is-conpled to a
coupling arm 34b provided in the swash plate holder 34
via a coupling pin 41 having an axis in parallel with the
trunnio.n axis O. Onto one end portion of the -lscr-ew axis
38, a gear 39 for transmitting power from a power _s'ource,:-
not shown, to the screw axis 38 is fixed. : '
The swash plate holder 34 is rotated% about the
trunnion axis O corresponding to rotation of .-the screw
axis 38. The motor swash'plate'33 1s operated between an
upright position at right angles to the ax:fLs of the
cylinder block 15A and a maximum tilt pcsition; tilted at
a certain angle. The motor swash plate 33 ini a.: tilted

state gives a reciprocating motion to the motor plungers

32 ... with rotation of the cylinder block 15A to:- repeat

expansicn and reduction strokes. '

Referring to Figs. 2 to 5, on the :hydraulic
pump PA side, the cylinder blo_ck 15A is provided in its
outer circumference with first low pressure and high
pressure annulaf recesses 45 and 46. On the hvdraulic
motor MA side, the cylinder block 15A 1is prcvided 1n 1ts
outer circumference ‘with second low pressuref and high
pressure annular recesses 47 and 48. The annular recesses
45 to 48 are covered by the cylindrical member 22A.
Between the pump cylinder holes 16 and the motor cylinder
holes 31 the cyiinder block 15A is provided with four 1ow
pressure side communication passages 49 extended in
parallel with the rotation axis Z21A from one end of the

cylinder block 15A to a position correspondiﬁg to the

second low pressure annular recess 47. Between the pump

cylinder holes 16 and the motor cy_lirider holes 31 in ‘
remaining five pcjsitions not provided with the 1ow
pressure sgide communication passages 49 the: cylinder
block _lSA 1s  provided with high pre_s’sxilre side

communication passages 50 extended in parallel with the

- 10 -
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rotatio_n axis 21A from one end of the cylinderg blek 15A
to the second high pressure annular recess 48. -

One end of the low pressure side communication
passages 49 1is closed in ligquid-tight manner by low
pressure plugs 51 pres_sed into the c¢ylinder block 15A.
The low pressure plugs 51 are formed in a bottomed
cylindrical shape so as to allow the first low pressure
annular recess 45 to be communicated to the low pressure
side communication passages 49 and to block communication
of the first high pressure annular recess 46 to the low
pressure side communication passages 49 The second low
pressure annular recess 47 1is cormnunicated to Ethe. inner
end of the lowpressure'side communication‘passages 49

One end of thefhigh pressure side_communiCation_

b 1

passages 50 is closed in 1liquid-tight manner by high

pressure plugs 52 pressed into the c¢ylinder block 15A.
The high pressure plugs 52 are formed ;t'o block
communication of the first low pressure annular: recess 45
to the high pressure side communicatlon passages 50 - The'
first and second high pressure annular recesses_46 and 48
are communicated to the high pressure side com:hunication
pa-ssages 50. . The depth of the second low pressure
annular recess 47 is set so as not to be communicated Lo
the high pressure side communications passages 50

The low pressure o1l passage 11A has the first
low pressure annular recess 45, the low pressure s1de

communication passages 49, and the second low pressure

\annular recess 47. The high pressure oil passage 12A ‘has

the first high pressure annular recess 46, the high
pressure side c.ommunication passages 50, and tzhe second
high pressure annular recess 48 . ‘ .

| In a port_ion to arrange the low pr_essiure plugs
51, the cylinder block 15A is provided with low pressure -
side supply passages 54 to allow a first annular pass;age

53 formed between the cylinder. block 15A and the rotation

- 11 -
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axis 21A to be communicated to the first 'low pressure
annular recess 45 so as to extend in the radiue direction
of the cylinder biOCk 15A. In a portion t-e ai“range the
high pressure plugs 52, the cylinder bloqk 15a 1is
provided with high pressure side 'supply pesseges 56 to
allow a second annular passage 55 formed 'between the'
cylinder Dblock 15A and the rotation axis ,ZlA to be
cemunicated to the high pressure side ‘comuriicationi
passages 50 so as to extend in the radius direction of
the c.y.linder block 15A. The outer end of the high

pressure side 'supply' passages 56 1is closeﬁ by the

cylindrical member 22A.
. The rotation axis 21A is provided co*axially‘
with a :supply 01l passage 59 to which working fluid is
Supplied from ' a pump, not shown. A check valve 57
interposed between the supply o0il passage 59 and the
first annular passage 53 and a check.‘ valve 58 interpesed
between._, the suppiy oil passage 59 and the second eannular
passage 55 are mounted.iri_ the outer circumference -portion\

of the rotation axis 21A. | \
In the hY‘draulic pump PA, pump oil chambers 61

are formed between the closed end of the pump cylinder

‘holes 16 and the pump plungers 17 In the hydraulic motor

- MA, motor oil chambers 62 are formed between the closed

25

30

35

end of the motor cylinder holes 31 and the motox plungers
2. - .. . . , -
' A plurality of first distributing velves 63A
which allow the pump o0il -chambers 61 ... of the pump
plungers 17 in a suction region to be communicated to:the\
low pressure oil pas'sa-g"ellA.and which allow the pump o1l
chambers 61 of the_pump_plungers 17 .n a discharge:region
to be communicated to the ‘high pressure o1l passage 12A
are previded correspohding--to the pﬁmp, plungers 17
between the low pressure oil passage 11A and the ~high

pressure o1l passage 122 and the pump o1l chambers‘61. A'

- 12 -
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plurality of second distributing valves 64A which allow

the motor oil chambers 62 of the motor plungers 32 in an

expansion region to be communicated to the high pressure

o1l passage 122 and which allow the motor oil chambers 62
of the motor plungers 32 1in a reduction regéion to be
communicated to the low pressure o1l passage 11A are
prov:.ded correSpondlng to the motor plungers 32 between
the low pressure o1l passage 1llA and the high pressure
0il passage 12A and the motor oil chambers 62. |
~ In Fig. 6, the first distributing \?alvesf 63A
alternately 'switch, corresponding to the axial
reciprocating motion of the pump plungers 1’7

communication and cutoff between a plurality of pump side

communication passages 65A communicated to the pump oil
chambers 61 opening to the 'inn-er surface of the pump
cylinder holes 16 and a plurality of first low pressure
and high pressure ports 66A- and 67A respectively
communicated to the low pressure 01l passage liA and the
high pressure oil passage 12A opening to the inner
surface of the pump cylinder holes 16.

The first low pressure ports 66A - extend
inwardly in the radius ‘direction of the cylinder xblock
15A from the first low. pressure annular recess 45 in the
low pressure oil passage 11A to be opened to the inner
surface of the pump cylinder holes 16. The ﬁlrst high
pressure ports 67A extend inwardly in the radius
direction of the cylinder block 15A from the first high.
pressure annular recess 46 in the high pressure oil
passage'lZA to be openedcto the inner surface of the pump
cylinder holes 16. *

: The pump side communication passages' 65A have
pump S1de communication grooves 68A provided 1in the outer
circumference surface of the rotatlon axis 21A, : passages
69A radially drilled in the cylln-de-r ‘block 15A; so as to

allow one end of the pump side communication grooves 68A
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to be respectlvely communicated to the pump 011 chambers
61, and passages 70A radially drilled in the cylinder
block 15A Dbetween the first low pressure and hlghf
pressure ports. 66A and 67A to be communicated to the
other -énd of the pump side communication gfoo{fes . 68A
opening to the inner surface of the pump cylihde‘r holes'
16. The outer‘end'of the passages 69A and 7OA.is closed
by the cylindrical member 22A. ' _ '

In Fig. 7, the pump side co:mmunioation grooves
68A are formed helically so that with re:spe;ct to the
positioh of the passages 69A communicated to one end
thereof; the position of the passages 70A communicated to
the other end is shifted 1n the reverse direotion, for
example, 80° to a rotatlng direction 71 of the rotation
axis 21A and the cylinder block 15A and are formed 1n the
outer c:n.rcumferenc_e surface of the rotation axis 21A by
rolling. - |

The other end of the pump side oominunication
passageIGSA whose one\end‘is communicated to.the pump_oil
chémbert 61 1s arranged ii’l the inner surface of.-t'he pump
cylinder hole 16 shifted 1in the reverse -direotiOn, for
example, 80° to the\rotatingdirection 71 of the rotation
axis 21A and the cylinder block 15A so as to.beQOpened in
the middle portion between the first low preSsure port
66A and the first high pr'essure port 67A. In the outer

circumference of the middle portion axially ofi the pump’

"plungers 17, annular recesses 72 for switching

30

35

commuhication and cutoff between the ©pump side
commuhiéation passages 65A and the first low\pressure:and
high ﬁressure ports 66A andf67A are provided. - '

. In Fig. 8, the second distributing valves G64A
élte’rnately - switch, .cor_responding to the axial
reciprocating motion of the motor plungers - 32
communication and cutoff between motor side communlcatlon

passages 75A communicated to the motor oil chambers- 62
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openlng to the 1inner surface of the motor cyllnder holes
31 and second low pressure and high pressureé ports 76A
and‘77A respectlvely_communlcated to the low pressure o1l
passage'llA and the high pressure oil passage le opening
to the inner surface of the motor cylinder holes 31.

The second low pressure ports 76A are formed to
be opened to the 1inner surface of the motor cyllnder
holes 31 so that the motor cyllnder holes 31 are across
part of the second low pressure annular recess 47 in the
low pressure 0oil passage 1l1lA. The second high pressure-
ports 77A are formed to be opened to the inner isurface of
the motor cylinder' holes 31 so that the motor cylinder
hOles 31 are across part of the second high pres'Sure
annular recess 48 in the high pressure oil passage 12A. \

' The motor sn.de communlcatlon passages 7T5A have
motor side commun:.ca-tlon | grooves 718A prOV1ded in _the
outer circumference surface of the rotation ia:xis 214,

passages 79A radlally drllled in the cylinder block 15A

so as to allow one end of the motor side communlcatlon

grooves 78A to be communicated to the motor 011 chambers
62, and passages 80A radially drilled in the cyllnder_
block 15A between the second low pressure ‘and high
pressure ports 76A and 77A to be communicated to the

other end of the motor side communication grooves 78A

opening to the inner surface of the motor cylinder holes
31. The outer end of the passages 79A and 80A 1is closed
by the cyllndrlcal member 22A. -

In Fig. 7, the motor side communlcatlon grooves
78A are formed helically so that with respect to ‘the
position of the passages 79A communicated to one end
thereof, the position of the passages 80A communicated to
the other end 1s shifted in the reverse direcétion, for
example, 80°-to the rotating direction 71 oftherotation

axis 21A and the cylinder block 15A and are f;orrried on the
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outer circumference surface of the rotation axis 21A by
relling. - ' _

. The other end of the motor side ,con;munication
passage 75A whose one end '-is‘ communicated -toé th_-e motor
o1l chamber 62 1is arranged in the inner sﬁrface% of the
motor Cylinder hole'__31-- shifted in the reverse'ﬂdirect'ion,
for example, 80° to the rotating direction 71 of the
rotation axis 21A and the CYlinder block 154 se as to be

opened 1in the middle portidn between the se"_cond' low

pressure port 76Aand the second high preSsure;port 77A.

In the outer circumf-erence of the middle portion axially
of the motor plungers 32, annular recesses s82 for
SW1tch1ng communlcatlon and cutoff between the mmtor s1de
communication passages 75A and the second 1ow pressure

and hlgh pressure ports 76A and 77A are prOV1ded
The operatlon of the f:Lrst embodlment W1ll be
described. While the motor swash plate 33 1is held at a
tilt angle, engine powe__r, not shown, 1is transmltt-ed to:
the input cylindrical shaft 14 of the hydrauli(ﬁ:' p\ump-' PA.
The pump swash plate 18 supported Dby 'thef input
cylindrical shaft 14 gives a reciprocating motion ‘to ‘the

pump plungers 17. ' ' “
. As shown 1in Fig. 9, while the pump piuhgers 17

pass ‘through. the discharge region D to reduce f;he: volume
of the pump o0il chambers 61, the first 'distributing
valves 63A allow the pump 01l chambers 61 "to be
cOnmuniCated to the high pressure oil passage: 12A. 'The

worklng fluid from.the pump oil chambers 61 is dlscharged

to the ‘high pressure o1l passage 12A. While the pump

30

35

_plungers 17 pass through the suction region S to expand

the volume of the pump oil chambers 61, tf:he' flrSt':
distribﬁting'valves 63A allow the pump oil chambers 61 to
be communicated to the low pressure oil passage 11A. The
working fluid from the low pressure oil paSSage 11A is

suctioned into the pump o0il chamber 61

- 16 -
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In the hydraulic motor MA, as shown in_Fig.lO,
while the motor plungers 32 -ere_ present in the expansion
region E to expand the volume of the motor oi:l charhbers
62, .th'e second distributing _\falves 64A allow the motor

5 01l chambers 62 to be communicated to the hlgh pres-sure
oil passage 12A, and while the motor plungeérs- 32 ane

present in the reduction region R to reduce the volume of

the motor oil chambers 62, the second dis:ributing valves
64A allow the\motor 0il chambers 62 to be communicated to

10 the low pressure oil\~ passage 1l1l1A. For th_is reason, the.
high preSSure working ‘:fluid discharged from thé-_ pﬁump' o1l
chambers 61 of the hydraulic pump PA to the high pressure
0il passage 12A is supplied to the motor oil cnambers 62
of the motor plungers 32 present in the 'expansion regio-n

15 E ' to give a thrust force to the motor plungers 32 The
motor pl-unger\s 32 present 1in the reduction ~ region R
discharges the wo\rking fluid from the motor oi.i chamberzs
62 to the low pressure oil passage 11lA corresponding to
the proceeding of the.reduction stroke. : .

20 The motor plungers 32 receiving tne 1‘ thrust
force by the high pressure working fluid of the:;mo-tor oil
chambers 62 are pressed against the motor sWash plate 33
to exert rotating torque. The rotor 23A including the
cylinde_r block lSA 1s rotated 1in the same direction as

2.5~ ,th'at of the inpu-t cylindricel shaft 14 Dby the reaction
torque. The rotating torque of the rotoré 23A 1s

. transmitted from the \rotation axls 21A to a load, not
shown. *
| | The hydraulic pump PA 1s of " a fixed

30 displacement type. . The hydraulic motor MA is of a

variable displacement type which varies the tilt angle of -

the motor swash plate 33. The tilt angle of the motor

swash plate 33 is wvaried to increase and decreas‘e_ the

displacement of the hydraulic motor MA. The gear ratio
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between the input cylindrical shaft 14 and the rotation
aiis 21A can be varied continuously. é

' Such a hydros_tati.c ‘t.:ype continuously vari'able
transmi\'ssion has the first distributing valves 63A which
SWitch, by the reciprocatively.operated pump pIunéers 17}

communication and  cutoff between the - pump side

communication passages 65 communicated to the pump oil

chambers 61 and the first low pressu:_re and high pressure

ports 66A and 67A res'pec\t'ively communicated to the low
pressure o1l passage 11A and the high pressure 0il
passage}lZA,'and the second distributing valVesi64A which
switch, by the reciprocatively operated motor plungers

32, communication and cutoff between the motor 'side

communication passages 75A communicated to the motor oil
chambers 62 and the second low pressure and high pressur:e
ports 7_6A and 77A respecitively communicated to the : low
pressure o1l passage 1lA and the high preSsure _oii
passage 12A. - ‘ . ' '

The sliding holes only for the first and second

distributing wvalves 63A and 64A need not be provided in

' the chinder' block 15A. The cylinder block 15A ‘can be

made smaller according to the unrequired ,sliding holes
and the number of processes can be redu;‘:ed. :The parts.
only for the first and 'second_ distributing valves 63A and
64A are:unnecessary'to reduce the number of parts.:

Part of the pump side communication passeges
65A and part of the motor 'side communication paSsages 75A
are constructed by the pump side and motor side
communication grooves 68A and 78A prov’ided-' in éthe ‘outer
circumferenCe of the rotation axis 21A coaxialiy pressed
into the cylinder block 15A. The pump side co‘mﬁunﬁication
grooves 68A and the -inotor side communication ngoves 784
are easily formed in the outer circ_umference S;urface; ot
the rotation axis 21A. The number of processes -cari: be '

further reduced.
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The cylindrical member 22A 1s fixedf by shrink_
fit or press fit 1in the outer circumference of the
cylinder block 15A. Brazing 1s uﬁnecessary to contribute
to reduction of the \manu'facturing cost.

- The chindricai .-member \ 22A seals the outer end
opening portion of the first and second loW pressure
annular recesses 45 and 47 constructing part ef the low
pressure o1l passage 11A and the first and second h:i.gh

pressure annular recesses 46 and 48 constructlng part of

the high pressure o:Ll passage 12A. A shrink f;Lt portlon
or a press fit -pcrtion between the cylindrical merﬁber 22A
and the cylinder. block 15A is correctly 'determined, When
the oil pressure of the 'lcw pressure oil passage 11A or
the high ‘pressure 0il passage 12A 1is excess:Lve, the
working fluid is released from.between the cylinder block.
15A and the cylindrical member 22A. The cyllndr:_cal
member 222 can serve as the function of a preSSure
limiter. No -pressur‘e-regula_ting- valves are thus frequired.
' . Fig. 11 is a -longitudinal sectional view of a
hydrostatic type contiriuously variable transmission of a
second embodiment of ‘the present i1nvention ;and 1s a
cr’oss-—-sectional view taken along 'l.ine 11 - 11 of Fig. 12.
Fig. 12 is a cross-—'sectional view of a rotor viewed in
the arrow direction' of line 12 - 12 of Fig. ll Fig.' 13
1s a cross-sectional view taken along line 13 - 13 of
Fig. 12. Parts correspcnding to the first embodiment are
indicated by the same reference numerals, and the
detalled description thereof 1s omitted. '
| In the hydrostatlc type contlnuously' varlable'
transmission, a swash plate type fixed dlsplacement
hydraulic pump PB and a swash plate typei-variable
displacement hydraulic motor MB are ccnnected via a 'low ‘
pressure o1l ‘passage 11B and a h:Lgh pressure 011 passage

12B to construct a. hydraullc closed circuit.
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A rotor 23B is.-constructed by the cylinder
block 15B in common with the hydraulic pump PB and the
hydraulic motor MB' a rotatlon axis 21B coaX1ally pressed
into the cyllnder block 15B, and a cyllndrlcal member 22B
fixed by shrink fit or press fit in the outer
circumference of-the_cylinder~block_lSB; The rotor 23B 1s
support-ed in a casing 26 so as to be rotatable about' the
axis of the cylinder block lSB and the rotatlon axils 218

| The hydraulic pump PB has a plurallty of, for '
example, nine pump plungers 17. The pump plungers 17 are
slldably fitted respectlvely in bottomed pump cyllnder
holes 16 prov1ded in an annular arrangement in a portion
1nward-ly in the radius direction of the cyln.nder block
15B. The outer end of the pump plungers 17 is brough‘t
into contact with and engaged with a pump swash plate 18
- The hydraulic motor MB has a plural:.ty of for
example, nine motor plungers 32. The motor plungers 32\
are slidably fitted  respectively in bottomed mot:or
cylinder holes 31 prov1ded ln an annular arrangement 1in a
portion outwardly in the radius dlrectlon_of_the‘cyllnder
block lSB. The outer end of the motor pl-ungers; 32‘ is
brought-, into contact with and engaged with a motor‘ swash
plate \33 - The motor cylinder holes 31 are mutually
arranged between the pump cylinder holes 16 along the
circumferential directlion of the cylinder block :l5B.

' In the rotor 23B, the annular low pressure oil
passage 11B and the annular hlgh pressure oil passage 12B
are formed in positions spaced along the axial dlrectlon
of the rotor 23B. '

Between the outer circumference of'the cylinder'
block 15B and the cover 22B, a low pressure 'siéde supply
passage 84 extending in parallel with the rota’tion axis
21B 1s provided so that i1ts one end is communica‘ted to :
the low pressure oil passage llB The other end of the

low pressure s1de supply passage 84 1s communlcated to a

- 20'_
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low pressure s:.de supply passage 86 prov:Lded in the
chinder block 15B. as to extend 1in nhe radius
direction of the cylinder block 15B.‘. In the- cylinder
block 15B, a high pressure side supply passagef 87 having

5 one end thereof opened in the 1nner c1rcumference of the
cyllnder block 15}3 and the other end communicated to the
high pressure oil passage 12B. \

On the rotation ax:l.s 21B are mounted a check

valve 57 1nterposed between a supply oil passage 59 1in

10 the rotation axis 21B and the low pressure side supply
passage 86 and a oheok valve 58 1interposed - between the
supply oil passage 59 and thei high pressure side supply'
passage 87. | | .: | \

' A plurality of first distributing valves _'63B
15 which a'llow pump 'oil\ chambers 61 of the pump piungers 17
1in the suction region to be communlcated to the low
pressure oil passage 11B and which allow the pump oil
chambers 61 of the pump p_lungers 17 1in the ;dl,_scharge
region ito be cOmmunicated to the high pressure oll

20 passage 12B are proirided corresponding to éthe pump
plungers 17 between the low pressure o1l passage ilB and

the high pressure oil' passage 12B and the :pu-mp 01l
chambers 61 formed between the closed end of the pump
cylinder holes 16 and the pump plungers 17. A;plurallty

25 o0f second distributing- valves 64B which allow Emot-or oil'
chambers 62 of the motor plungers 32 in th\e 5expansion
region to be communicated to the high pressure oll
passage 12B and which allow the motor oil chambers 62 of

the motor plungers 32 in the reduction regi_on_ to be

30 communicated to the low pressure oil passage 11B are
provided corresponding to the ."pump plunge_rs 32 between '

the low pressure o0il passage 11B 'and the high pressure

oil passage 12B and the motor o1l chambers 62 formed

. between the closed end of the motor cvlinder holes 31 and

35 the motor plungers 32.

_ 2]__.'_.
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The flrst dlstrlbutz.ng valves 63B alternately;
switch, correspondlng to the ax:Lal rec:Lprocat:Lng motlon

of the pump plungers 17 each having an annular recess 72,

‘communication and cutoff between a plurality of pump s1de

communlcatlon passages 658 communlcated to the pump o1l
chambers 61 opening to the inner surface of; the pump
cylinder holes 16 and a plurality of first low pressure
and high pressure - ports -6.63 and 67B respectiv_ely
communicated to the low preSSujr.e oil passage 1lB ‘-and the
high pressure o1l passage 12B opening' to';the inner'
surface of the pump cyllnder holes 16. ' '

The flrst low pressure ports 66B are formed so
as to be opened to the 1nner surface of the pump cyllnder
holes 16 so that the pump cyllnder holes 16 are across
the low pressure oil passage 11B. The first hlgh pressure
ports 67B are formed so as to be opened to ;the | 1nner
surface of the pump cylinder holes 16 so thatz the pump
cylinder holes 16 are aCross the high pressure o1l
passage 12B. .

The pump s:.de communlcatlon passages 65B have

pump side communication grooves 68B provided 1n:the outer

. circumference surface of the rotation axis 21B, passages

25

30

35

69B radially drilled in the cylinder block 15B so as to
allow one end of the purnp side communication grOOVes -'68B
to be respectively communlcated to the pump oil chambers
61, and passages 7OB radially drllled in the cyllnderi
block 15B between the first low pressure ‘and high
pressure ports 66B and 67B to be COmmunicated to ‘the
other end of the pump side communication grooves 68B
opening to the inner surface of the pump cylinder holes
16. ' ' .

. The pump side communication groovesé 68B are
formed helically as in the :f:i.rst'\ embodiment and_ are

ki

formed in the outer circumference surface of the rotation

axis 21B by rolling.

- 22 -
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The second distributing valves 64B alternately
switch, corresponding to the axial ‘-re,ciprOCating mo'ticn‘
of the motor plungers 32\' each "having an annular recess
82, ccmmunication and cutoff between '~ metor side
comunlcatlon passages 758 communlcated to the motor o:Ll
chambers 62 openlng to the inner surface of the motor
cylinder holes 31 and second low pressureﬁ- and high
pressure ports 76B and 77B respectively cormnuuicated to
the low pressure oil passage 11B and the high pressure
0il passage_l2B opening to the inner surface\of;the motor
cylinder holes 31.

The second low pressure ports 76B are formed so

as to be opened to the 1inner surface of the ‘motor
cylinder holes 31 so that the motor cylinder holes 31 ...
are across the low pressure oil passage 11B. The second

high pressure ports 77B are formed so as to be | ‘opened to

the 1nner surface of the motor cyllnder holes 31 SO that.

the motor cyllnder holes 31 are across the high pressure

20

0il passage 12B.

The motor side communication pasSages' 75B have
motor side communication grooves 78B provided ;in the
outer circumference surface of the cyli.nder block lSB'-,

passages 79B radially drilled in the cylinder block 15B.

'so as to allow one end of the motor side communication

25

30

35

grooves 78B to be respeCtively communicated to the mctor_
oil chambers 62, and passages 80B radially drilled in  the
cyllnder block 15B between the second low pressure and -

high pressure ports 76B and 77B to be communlcated to the

other end of the motor side communication grooves 78B

openlng to the inner surface of the motor cyllnder holes

31.

The motor side communication grooves 78B are
formed helically as in the first embodiment and are
formed in the outer circumference surface of the rotation

axis 21B by rolling.
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- The second embodiment can provide the same
effect as the first embodlment and make - the cyllnder
block lSB smaller. The sliding holes only for the flrst

and second dls,rlbutlng valves 63B and 64B need not be

5 provided in the cylinder block 15B. The d:Lameter of the
cylinder block 15B is'prevented from being increased.gThe~
pump plungers 17 and the motor plungers 32 can be in an
annular arrangement to be shifted in the circu;mferential
direction and the radius direction of the cyl:i._nder block

10 15B. The axial length of the cylinder block lSB, can be
reduced; - - :

' Embodiments of the present invention are
described above. The present invention is not limited to
the embodiments. Various design modifications can be made

15 without: deviating from the present invention described in
claims. ‘ . | '
As described above, in the invention according
to one aspect, the sliding holes only - for the
distributing valve need not be provided in the cyllnder-
20 Dblock to make the cyllnder block smaller and reduce the
number of processes. Parts only for the ..dlstrlbutlng
valve are unnecessary to reduce the number of parts ‘
In the J.nventlon accordlng to another aspect
the slldlng holes only for the first and second
25 dlstrlbutlng valves need not be provided :Ln the cylinder
block to make the cyllnder block smaller and reduce the
number of processes. Parts only for the first and second
dlstrlbutlng valves are unnecessary to reduce the ‘number
of parts.
30 | In the invention according to a further aspect'\

the number of processes can be further reduced.

Although various preferred embodlments of the
present 1nvent:1.on have been described herein 1n detall
it will be apprec1ated by those skllled in the art that

35 varlatlons may b_e made the-reto without departing from the

- 24 -
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spirit of the invention or the scope of .the appendéd

claims.
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THE EMBODIMENTS OF THE  INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A swash plate type hydraulic drive transmission 1in

which rotors (234, 23B) including c¢vyvlinder blocks (154, 15B)

are supported in a casing (26) so as to be rotatable about the

axis of said cylinder Dblocks (15A, 15B), said cylinder Dblock
having cylinders (16, 31) with each cylinder having an open

end and a closed end, plungers (17, 32) whose outer end is

brought into contact with and engaged with swash plates (18,
33) to form o1l chambers (61, 62) between the plungers (17,
32) and the closed ends of said cylinders (16, 31) are
slidably fitted 1n a plurality of said open ends of said
cylinders with said cylinder provided in said cylinder blocks
(15A, 15B) 1n an annular arrangement, and distributing valves
(63A, ©03B; 04A, 64B) which allow the o0il chambers (61, 62) of
the plungers (17, 32) moving to a side for expanding said oil
chambers (61, 62) to be communicated to low pressure oil
passages (11A, 11B) and which allow the o0il chambers (61, 62)

F

of the plungers (17, 32) moving to a side for reducing said

o1l chambers (61, 62) to be communicated to high pressure oil

passages (12A, 12B) are provided corresponding to the plungers

(17, 32) between the low pressure oil passages (11A, 11B) and

the high pressure 01l passages (122, 12B) provided in said
rotors (23A, 23B) and said o1l chambers (61, 62), wherein the
distributing valves (63A, 63B: 64A, 64B) alternately switch,
corresponding to the axial reciprocating motion of the
plungers (17, 32, communication and cutoff Dbetween a
plurality of communication passages (65A, 65B: 75A, 75B)
communicated to said oil chambers (61, 62) opening to an inner

surface of the cylinders (16, 31) and a plurality of 1low

pressure and high pressure ports (66A, 66B, 76A, 76B; 67A,

6'/B, 76A, 76B) respectively communicated to said low pressure

o1l passages (11A, 11B) and said high preSsure oll passages
(124, 12B) opening to the inner surface of the cvlinders (16,
31).

- 26 -
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2 . A hydrostatic = type continuously variable

transmission 1n which rotors (23A, 23B) including c¢ylinder

blocks (15A, 15B) in common with hydraulic pumps (PA, PB) and

hvdraulic motors (MA, MB) are supported in a casing (26) so as

—

to be rotatable about the axis of said cylinder blocks (15A,

15B), a plurality of pump plungers (17) provided 1in the

hydraulic pumps (PA, PB) to form pump o1l chambers (61)

between the pump plungers (17) and a closed end of pump

cylinders (16) are slidably fitted 1n an open end of said pump

cylinders (16) provided 1in said cylinder blocks (15A, 15B) 1in

an annular arrangement, a plurality of motor plungers (32)

provided 1in the hydraulic motors (MA, MB) to form motor o1l

chambers (62) between the motor plungers (32) and a closed end

of motor cylinders (31) are slidably fitted i1n an open end of

aaal

sald motor cylinders (31) provided 1n said cylinder blocks

(15A, 15B) 1n an annular arrangement, a plurality of first

distributing wvalves (63A, 63B) which allow the pump o1l

chambers (61) of the pump plungers (17) in a suction region

(S) to be communicated to low pressure o0il passages (11A, 11B)

and which allow the pump o011l chambers (61) of the pump

plungers (17) 1in a discharge region (D) to be communicated to

high pressure o1l passages (124, 12B) are provided

corresponding to the pump plungers (17) between the low

pressure o1l passages (11A, 11B) and the high pressure oil

passages (12A, 12B) provided in said rotors (23A, 23B) and

said pump o011 chambers (61), and a plurality of second

distributing wvalves (642A, 64B) which allow the motor oil

chambers (62) of the motor plungers (32) 1n an expansion

region (E) to be communicated to the high pressure oil

passages (12A, 12B) and which allow the motor oil chambers

(62) of the motor plungers (32) in a reduction region (R) to

be communicated to the low pressure oil passages (11A, 11B)

are provided corresponding to the motor plungers (32) between

said low pressure o011 passages (11A, 11B) and said high

-7
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pressure oil passages (12A, 12B) and sald motor o1l chambers
(62), wherein the first distributing wvalves (63A, 63B)

alternately switch, corresponding to the axial reciprocating

p— -
A A

motion of the pump plungers (17), communication and cuto:

between a plurality of pump side communication passages (65A,

65B) communicated to the pump 01l chambers (61) opening to an

inner surface of the pump cylinders (16) and a plurality of

first low pressure and high pressure ports (66A, 66B; 674,

67B) respectively communicated to said low pressure o0il

passages (11A, 11B) and said high pressure o1l passages (124,

=

12B) opening to the inner surface of the pump cylinders (16),

and the second distributing wvalves (64A, 64B) alternately

switch, corresponding to the axial reciprocating motion of the

motor plungers (32), communication and cutoff between a

F
—

plurality of motor side communication passages (75A, 75B)

communicated to the motor o1l chambers (62) opening to an

inner surface of the motor cylinders (31) and a plurality of

second low pressure and high pressure ports (76A, 76B; 77A,

77B) zrespectively communicated to said low pressure o1l

passages (11A, 11B) and said high pressure 01l passages (124,

F
e

12B) opening to the inner surface of the motor cvyvlinders (31).

3. The hydrostatic type continuously variation

transmission according to claim 2, wherein said rotor (233)

includes said cylinder block (152A) and a rotation axis (21A)

coaxlially pressed 1into the cylinder block (15A), a plurality

of said pump side communication passages (65A) are 1n part

constructed by a plurality of pump side communication grooves

P

(68A, 08B) provided in the outer circumference surface of said

P

rotation axis (21A), and a plurality of said motor side

communlcation passages (75A) are 1in part constructed by a

plurality of motor side communication grooves (784, 78B)
provided 1n an outer circumference surface of said rotation

axls (214).

- 78 -
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4. A swash plate type hydraulic drive transmission

comprising:

rotors including cylinder blocks are supported in a

casing so as to be rotatable about the axis of said cylinder

blocks;

said cylinder Dblocks having cylinders with each

cylinder having an open end and a closed end;

plungers having an outer end brought 1i1nto contact

with and engaged with swash plates to form o011l chambers

between the plungers and the closed ends of said cylinders,

holes, said plungers being slidably fitted in a plurality ot

said open ends of said cylinders with said cylinders provided

in said cylinder blocks in an annular arrangement; and

priw

distributing valves for allowing the o1l chambers of

the plungers moving to a side for expanding said oil chambers

to be in communication with low pressure o0i1il passages and for

F
prove

allowing the oil chambers of the plungers moving to a side for

reducing said oil chambers to be in communication with high

pressure olil passages, said distributing valves being provided
to correspond to the plungers between the low pressure o1l
passages and the high pressure oil passages provided in said
rotors and said o1l chambers;

wherein the distributing valves alternately switch,

corresponding to the axial reciprocating motion of the

_F
p— =

plungers, communication and cutoff communication between a

plurality of communication passages communicated to said oil

chambers opening to an inner surface of the cylinders and a

p—

plurality of low pressure and high pressure ports respectively

in communication with said low pressure o0ilil passages and said

high pressure 01l passages opening to the inner surface of the
cylinders,

wherein the low pressure 01l passage 1ncludes a

first low pressure annular recess 1in communication with the

low pressure o011l passage and a second low pressure annular

by

recess 1n communication with an inner end of the low pressure
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o1l passage.

5. The swash plate type hydraulic drive transmission

according to claim 4, wherein the cylinder block is coaxially

arranged relative to an input cylindrical shaft for providing

a partial cover for the input cylindrical shaft.

6 . The swash plate type hydraulic drive transmission
according to claim 5, wherein said swash plate includes a
protruding end extending from the c¢ylinder block for being

supported by the input cylindrical shaft.

7. The swash plate type hydraulic drive transmission
according to claim 5, and further including an angular contact
bearing and a ball bearing being interposed between the swash
plate and the input cylindrical shaft wherein the swash plate
is rotatably supported by the input cylindrical shaft with a
posture tilted at a fixed angle relative to the axis of the

cylinder block.

8. | The swash plate type hydraulic drive transmission
according to claim 4, wherein the high pressure o1l passage
includes first and second high pressure annular recesses 1n

communication with the high pressure o1l passage.

9. A hydrostatic type continuously varilable
transmission comprising:

rotors i1ncluding cylinder Dblocks 1n common with a

hydraulic pump (PA, PB) and a hydraulic motor (MA, MB) are

supported in a casing so as to be rotatable about an axis of
said cvylinder blocks;
sald c¢ylinder blocks having c¢ylinders with each

cylinder having an open end and a closed end; said cylinders

forming pump cylinders and motor cylinders;

a plurality of pump plungers being provided in the
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hydraulic pump (PA, PB) to form pump o0il chambers between the

pump plungers and the closed end of pump cylinders, said pump

F

plungers being slidably fitted in the open end of said pump

cylinders with said pump cylinders provided in said cylinder

blocks 1n an annular arrangement;

el

a plurality of motor plungers provided in the

hydraulic motor (MA, MB) to form motor oil chambers between

the motor plungers and the closed end of said motor cylinders,

prre
anl

said motor plungers being slidably fitted in the open end of

said motor cylinders with said motor cylinders provided in

salid cylinder blocks in an annular arrangement:

a plurality of first distributing valves for

allowing the pump o0il chambers of the pump plungers in a

suction region (S) to be in communication with low pressure

01l passages and which allow the pump o0il chambers of the pump

plungers 1n a discharge region (D) to be in communication with

high pressure o0il passages, said first distributing valves

being provided corresponding to the pump plungers between the
low pressure o1l passages and the high pressure o0il passages
provided in said rotors and said pump oil chambers: and

-

a plurality of second distributing valves for

g

allowing the motor oil chambers of the motor plungers in an

expansion region (E) to be in communication with the high

pressure o1l passages and for allowing the motor oil chambers

of the motor plungers in a reduction region (R) to be in
communication with the low pressure o0il passages, said second
distributing valves being provided corresponding to the motor
plungers between said low pressure oil passages and said high

pressure o1l passages and said motor oil chambers:

wherein the first distributing wvalves alternately

switch, corresponding to the axial reciprocating motion of the

F
prr—

pump plungers, communication and cutoff communication between

a plurality of pump side communication passages in

communication with the pump o0il chambers opening to an inner

surface of the pump cvlinders and a plurality of first low
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pressure and high pressure ports respectively in communication
with said low pressure 01l passages and said high pressure o1l
passages opening to an inner surface of the'pump cylinders and
the second distributing valves alternately switch,
corresponding to the axial reciprocating motion of the motor
plungers, communication and cutoff communication between a
plurality of motor side communication passages in

communication with the motor o0il chambers opening to the inner

surface of the motor cvlinders and a plurality of second low
pressure and high pressure ports respectively 1in communication
with said low pressure o0il passages and said high pressure oil
passages opening to the inner surface of the motor cylinders,

wherein the high pressure 01l passage includes first

and second high pressure annular recesses 1n communication

with the high pressure o1l passage.

10. The hydrostatic type continuously variation

transmission according to claim 9, wherein said rotor includes

said cvylinder block and a rotational axis coaxially pressed
into the c¢ylinder block, a plurality of said pump side
communication passages are 1in part constructed by a plurality

of pump side communication grooves provided 1in an outer

circumferential surface of said rotation axis and a plurality

of said motor side communication passages are 1n part

constructed by a plurality of motor side communication grooves

g

provided in an outer circumferential surface of said rotation

axlis.

11. The hydrostatic type continuously variliation
transmission according to claim 9, wherein the cylinder block

1s coaxially arranged relative to an input c¢ylindrical shaft

for providing a partial cover for the input c¢ylindrical shaft.

12. The hydrostatic type continuously variation

transmission according to claim 11, wherein a pump swash plate
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includes a protruding end extending from the cylinder block

for being supported by the input cylindrical shaft.

13. The hydrostatic type continuously variation

transmission according to claim 12, and further including an

angular contact bearing and a ball bearing being interposed
between the pump swash plate and the input cylindrical shaft
wherein the pump swash plate 1s rotatably supported by the
input cylindrical shaft with a posture tilted at a fixed angle

relative to the axis of the cvylinder block.

14. The hydrostatic type continuously variation
transmission according to claim 9, wherein the low pressure
o1l passage includes a first low pressure annular recess 1n
communication with the low pressure o1l passage and a second
low pressure annular recess 1n communication with an inner end

of the low pressure o1l passage.

15. A hydrostatic type continuously variable
transmission comprising:
rotors including cylinder blocks in common with a

hydraulic pump (PA, PB) and a hydraulic motor (MA, MB) are

P
pr—

supported in a casing so as to be rotatable about an axis o3

sald cylinder blocks;

a plurality of pump plungers being provided in the

hydraulic pump (PA, PB) to form pump o0il chambers between the

pump plungers and a closed end of pump cylinders, said pump
plungers being slidably fitted in the open cylinders provided
in said cylinder blocks in an annular arrangement;

a plurality of motor plungers provided in the

hydraulic motor (MA, MB) to form motor o©il chambers between
the motor plungers and a closed end of motor cyvlinders, said
motor plungers being slidably fitted 1in the open motor
cylinders provided in said cylinder Dblocks in an annular

arrangement;
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a plurality of first distributing wvalves for
allowing the pump o0il chambers of the pump plungers 1in a
suction region (S) to be in communication with low pressure
o1l passages and which allow the pump 01l chambers of the pump

plungers 1n a discharge region (D) to be 1n communication with

high pressure o1l passages, said first distributing wvalves
being provided corresponding to the pump plungers between the
low pressure 01l passages and the high pressure o1l passages
provided in said rotors and said pump o1l chambers; and

a plurality of second distributing wvalves for

o=

allowing the motor o©il chambers of the motor plungers in an

expansion region (E) to be 1n communication with the high
pressure oll passages and for allowing the motor oil chambers
of the motor plungers in a reduction region (R) to be 1in
communication with the low pressure oil passages, sald second
distributing wvalves being provided corresponding to the motor
plungers between said low pressure o1l passages and said high
pressure o1l passages and said motor o1l chambers;

wherein the first distributing wvalves alternately
switch, corresponding to the axial reciprocating motion of the
pump plungers, communication and cutoff communication between

a plurality of pump side communication passages in

communication with the pump o0il chambers opening to the inner

surface of the pump cylinders and a plurality of first low
pressure and high pressure ports respectively 1n communication
with said low pressure 01l passages and said high pressure oil
passages opening to an inner surface of the pump cylinders and
the second distributing valves alternately switch,

’*
o

corresponding to the axial reciprocating motion of the motor

plungers, communication and cutoff communication between a

plurality of motoxr side communication passages in

communication with the motor oil chambers opening to an inner
surface of the motor cylinders and a plurality of second low
pressure and high pressure ports respectively 1n communication

with said low pressure o0il passages and said high pressure o0il
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passages opening to the inner surface of the motor cylinders,
and

wherein said rotor includes said cyvlinder block and
a rotational axis coaxially pressed into the cylinder block, a
plurality of said pump side communication passages are in part
constructed by a plurality of pump side communication grooves
provided i1n the outer circumferential surface of said rotation
axis and a plurality of said motor side communication passages
are 1n part constructed by a plurality of motor side

communication grooves provided 1n the outer circumferential

surface of sail1d rotation axis.

-35.
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