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This invention relates to a variable volume
type of hydraulic motor, and an object of the
invention is to provide improved means for con-
trolling automatically the volume of the motor
for each revolution in response to the pressure of
the hydraulic fluid delivered to said motor and in
which means is provided to adjust the motor fo
maximum volume whenever the motor is first
started in operation, after which the volume of
said motor will be adjusted automatically as
aforesaid.

Other objects of the invention will appear here-
inafter, the novel features and combinations be-
ing set forth in the appended claims.

In the accompanying drawings:

Fig. 1 is an elevational view, with parts broken
away, showing an improved hydraulic motor in-
corporating features of my invention; and

Fig. 2 is a sectional view, with a part of the
rotor and head shown in plan, of the motor of
Fig. 1. )

The hydraulic motor includes a main casting
forming a housing or casing (0 having a remov-
able combination feed end cap and port plate
i1 at one end and a bearing retaining cap (2
at the other end. Within the casing 10 there is
a rotor {3 mounted on a drive shaft 1§ which is
carried in spaced anti-friction bearings {5 and 6
carried adjacent opposite ends thereof.

The .rotor 13 is provided with a plurality of
axially extending cylinders, one of which is seen
at 17 in Fig. 2 of the drawings, within each of
which cylinders there is a piston {§ having a
bearing shoe {9 which rides on a thrust plate 28
carried by a trunnion 2§ mounted for adjustment
on an axis which is at right angles to the axis
of the shaft {4 and includes a bearing shaft 22.
Thrust received by the trunnion 21 is transmitted
to the casing 10 through a pair of arcuate roller
bearings 23, the oufer surface of the trunnion

21 being formed in an arc of a circle which rolls -

over said arcuate roller bearings 23.

The motor is preferably of a reversible char-
acter and is provided with feed and exhaust ports,
one of which is seen at 24, there being a similar
port diametrically opposed thereto in a manner
well understood in this art. By making port 24
either a pressure port or an exhaust port; n
other words, by connecting it selectively to the
pressure line or the exhaust line, the direction
of rotation of the motor may be selectively con-
trolled. _

As best illustrated in Fig. 1 of the drawings
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the trunnion 21 is provided with a socket receiv- .

ing the head of a push rod 25 which is urged
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by a heavy spring 26 to the minimum volumetric
position of the trunnion 21, in which position the
thrust plate 20 is in a plane substantially verti-
cal with the axis of the shaft 14. It is obvious
that when the thrust plate 28 is so positioned
the pistons I8 will have little or no reciprocatory
motion for each revolution of the rotor {3 and
shaft {4. One end of the spring 26 abuts one end
of a collar 27 carried by the push rod 25, the
other end abutting an appropriate washer car-
ried by the cap 1.

Diametrically opposite the push rod 25 there .
is a composite piston designated in its entirety
by the reference character 28 which from a
functional or operative standpoint includes two
separate pistons 29 and 38 formed integrally.
The piston 29 has a larger diameter than the’
piston 38, and the former reciprocates in a rela- -
ttively large diameter cylinder 31, the latter in
a smaller diameter cylinder 32 which is formed
by extending a sleeve 33 in one end of the cyl-
inder 31 and adjacent the cap i{, said sleeve 33 .
being held in position by cooperating shoulders
between it and the cylinder 3{ and by said cap
fl, as is cbvious from Fig. 1 of the drawings.

The principal portion of the piston 29 is pro--
vided with a relatively large bore 34 which re--
ceives an elongated pin-35 having a shoulder 36
formed thereon, which shoulder 38 cooperates
with the bottom of the bore 34 to limit move-
ment of the pin 35 toward the left as viewed in
Fig. 1 of the drawings. Said pin 35 is urged o -
the left by a helical spring 37 which is held in
adjusted position by a movable cap 238 threaded
in the hore 34, said cap 38 being provided with
drain bores 8% to drain oil which may reach the
bore 34. The eap 38 is preferably hardened and
cooperates with a hardened thrust button 40
carried by the trunnion 2{.

It may be pointed out at this time that hy-
draulic pressure on the piston 38 or on the piston
29, or bhoth of them, will exert a force through
said composite piston 28 tending to rock the
trunnion 2{ in a direction against the action of
the spring 26 and tending to increase the vol-
ume of the motor which, of course, means the
volumetric consumptions for each revolution
thereof. , . . » .

The left-hand portion of the pin §8 normally
extends into a bore 4! which exiends through
the piston portion 38 of the composite piston 28
and into a portion of the piston 29 thereof. The
composite piston 28 is provided with four radial
bores 42 spaced ninety degrees (90°) apart, 'which
under certain conditions provide a passageway -
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for oil from the bore 4! to the large cylinder of the system as is the piston 30, which, of course,
31, to the end that said 0il under pressure may is subject to said fluid pressure immediately upon
operate on the piston 29 and urge said piston its being delivered to the cylinder 22. This force
to the right to increase the capacity of the motor. developed by the pistons 29 and 30 is, of course,

As clearly illustrated in Fig. 1 of the drawings » iransmitted through the head 28 to the button
the piston.2&has:a-portion adjacent itsdeft-hand: 49. and-:is ~adequate to-roek:the -trunmion 2{
end whichis reduced int.diameter, tHus:providing: against :thezspring 28 “t¢ .thermaximnam volu-
in effect an operating chamber 43 to which hy- metric position of the motor. In other words,
draulic fluid may be delivered under certaim: - the thrust plate 20 will thus be moved to its
conditions as hereinafter set forth to act on the 10 greatest angle so that the volume of the motor
piston 29. A very small drain: passageway- 44+  willihera maximmm- for each revolution, thus
extends longitudinally along®thHecylinder—29*to~ providingra-maximum torgue and a minimum
allow drainage of hydraulic fluid from the cham- speed of “'said~ motor. 'This, of course, is the
ber 43. This passageway 44-ig'small-encugh that desirable. starting:.characteristic of a hydraulic
when fluid under pressure:is:delivered .to.utheaiss mobors
chamber 43 it will not drain away fast enough As the vehizlésbéing moved gains in velocity
to prevent operation of the piston 29. the tendency will normally be for the required

Hydraulic fluid delivered to the motdor  undsdr torque~to décrease and this would produce a
pressure, either to the aforedescribed port-28:0r.. decrsaserinrthe pressure in the cylinder 32. This
its companion port, not shown, is delivered to 20 decrease in pressure will allow the check valye
the.cylinder 32.by.either. of .twe branch.passage~-  36—31to close, thus in effect shutting-off-the:flow
ways- 45.. To-insure: that. passagewsays. 45..will.  of  hydraulic.fluid to.the.large.cylinder 34, or;.
always connect.to-the pressure port:rather than: in.other-words, to.the chamber. 43, . Under:theses
the-exhaust - port. I providé.a. v{telﬁknown form of.. conditions -the trunnien. positioning.force is;des-—
automatic. valve -which. incliides.a piston.46-in.a-25. veloped. entirely by. the. piston..38, nene: of. it
cylinder.47. which.is .connected at-opposite-ends:«  being.produced by the larger: piston.29.. Pistom:
to passageways. 48 and. 49,.one. of: which.is.con-. 30 will. respond.. automatically. to..the. pressure-
nected.. to .one - of . the..ports,.such. as. port. 24;. delivered to.the cylinder.32-which is:the.pressure:
tHe.other being connected to.the. other port.which. - of.the. hydraulic.system.to. adjust-the trunnierm.
is the companion-of said.port 24 The piston.48.30., 21  against the:spring. 26:-so .that-the.speed1of.
will respond automatiéally to connect.passager. the motor and thus the speed of thes:driven:.
ways:. 45 with. whichever passageway. 48..or.A9-is vehicle. will-be-such.as.to -maintain.the:pressure
under:pressure. ‘ of the. hydraulic .system.substantially..constanti.

The. .operation .. of _the- hydraulic.. motor. can. Stated another. way, once.the.vehicle.issin.ops-
probably. best be.understood.in-connection with:g5,eration the smaller: piston..38-takes-contrel:to
a . typical  operation .wherein. such. a- motor. is.  adjust. the.volume.of.oil.consumed.by.the metor
employed. Such. a-motor.is useful,. for-examplé, per revolution,.such.that.the.speed ofithe.vehicle:
as. the driving motor.for. the.traction.wheels..of..  will consume. the.energy-delivered. -hydraulically.
a.vehiele, for exampleé,..a shuttlé:car, loading: by the pump.. The.motor therefore.is.irnefféct

miggsﬁ_ Assumiﬁ%,,_,th'e Vielﬁéléi};d :b'e».standin%{s‘tilll v;;ehicllle engounter iligniﬁcant resistance to speed:
and the source of supply, such.as-a. pump, being.-  it- will. automatically, slow-dewn im:responsesto
11011}1 o;;zl;?gglx} fﬁt»not;&qonng(;fedfltdt flhe rélgt?tgy a risei in pgsssuii:in;-tk;‘leﬁydmu}iezsystem.u. Cons
e. ve.. Assuming.further that-the..  versely,. when-the. vehiele: is.:travelings: agaimsb:
operator wishes to sta_riz »«théﬂyehiclei ?nq ‘operatés.- . - light.resistance-it$ -speed. will :automaticallyzinz-
the control valve to deliver _hydrallx_lic‘ﬂuid;unldér e ’S:nga,se, by :responfding-: to:the: hydraulic.: pressure:
E;f;sxgtgg ongigcf;et}%% :gé':ﬁ,i gléc?s a:tp?rtfzyt,'.qg.- ;n:a;-;mz;;lnner 11',0%qecreasteirl ther,csn’sumpizion oftoil:.
id. motor.  Since the.vehicle 1S at.rest it is. or each:revolution: .ofi:thezmotor;. .
d’e‘sq‘able‘ that it dehver. maximum tox'qug"a:ﬁ. ) It is particularly i_mpprtajntxthat:-;dufmg sbartes
%%éﬁgﬁui%ﬁgtgal?ﬁ; ;g;ﬁénfniilgtmiix;,- Thlgvls‘ 5 D8 rth?ce are two:~prstorr.-s:\scoqpeartipg::;-to:opp_bse
by the hydraylie moi'o;:'éf‘ms;oif%vént%g;nan%é th'.;;spnng»:g»&~and,-,thu§»1§;s mtermamlrlnum:torques-»-
i - Ol.my. . - with-a-mirimum speed: fors any:--gallemges: ct
hydra;ul‘ic fluld delivered to the.cylindér 32 willl  sumption:ofithe: morlzor; After: éliifsmt@ ‘con
flow through the passagéway 41 and-against'thé  maximum:torque: and-minimum.speed-it: is:ims:
eng ‘of:‘ lﬁhrei' 11):1n fg?hwh’l@?h_ is within. thie' bore.41". . pertant:that the trunnion be adjusted by;a singles
g? sx;‘}ialst asntlilalfy »t%ee gggiztig;rﬁi ::gurghgg ;thllé grxlstont :}c;r;aiplsttla‘n;whieh'édevelopsﬁless%-total:,thrusis"«:'-.
system... The'pin"35 and ‘spring 37 cooperate with O%Vloisl;ngﬁovseds%lﬁzlfiglﬁxilf;azgnm lx?gke
el i 1 Somnin iCh: e et Lamious handes n the detals and errangement:
pistbn" 28.. This pressure relief %ra’lv‘é‘ ma;}?,, fég. b ggogirf;ﬁigﬂ%‘geﬁgf gfﬁgggtg;;t?g“ﬁgd
example; be set to opett at 1700 b, s-1., where tHe.  nereto a.ispended' ,and':é,pblieant' tr;“ér;foreémshes‘é-
operating pressureof the'system'is approximately’  net: to. be: restricted: to- the- precise: construction
1500 pi:s. i and" the overload relief valve of the  herein disclosed:. o o
entife system 1s set ab 2000 p. s i. THese pres= .. paving-thus:describediand sshown amembodis:

e e e s ative oy | Menbiof'the:invention, what:it isdesiredsto ses-
Aydra eI pressure. 1s cureby:Letters: Patent. of the:UniitedStatessiss:

first delivered to the cylinder 32 as aforesaid,. 1. A:hydfaulic:motor incliiding:trieans forrady-
the pressure-will build up almost_ instantaneously justing@itsirhy‘draulic:ca;pa;city:ffﬁria:ch.u-e‘vta’rutien ’
to;.ax_l. -araount.adequaite -to. crack.the relief.valve. -70-hydraulically: -operated: mechanisty for: adinsts:-
provided. by. the-pin.35,.spring 37;.hores 41:and.  ing-saidadjusting:means by:hydraulie-finid under:
42, thus.permitting the hydraulie.fluid. to-flow.  pressure operating said motor, said hydraulieaty:
through_,.sa-id.; bore.. 41. and. through. the:radial. operated mechanism including:means:formingza.
bores-_,42.:to,_.thex chamber. 43, whereupon.the:larges  pair. of: cylinders,.a: piston: in- eacks of - said: cyls~
piston.29.will be subject to.the-hydraulicipressure. 75 inders: for adjusting said,adjusting means;.cony:-
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“duit means for conducting said hydraulic fluid
to said cylinders, and valve means normally
isolating one of said cylinders adapted to open
and close at a predetermined hydraulic pressure
whereby when the pressure of said fluid exceeds
said predetermined pressure the fluid may flow
to said one cylinder.

2. A hydraulic motor including means for ad-
‘justing its hydraulic capacity for each revolution,
hydraulically cperated mechanism for adjust-
ing said adjusting means by hydraulic fluid
under pressure operating said motor;, said hy-
‘draulieally operated mechanism including means
forming a pair of cylinders of different internal

diameters, a piston in each of said cylinders for 1

adjusting said adjusting means, conduit means
for conducting said hydraulic fiuid to the smaller
of said cylinders, and valve means between said
cylinders adapted to opzn and close at a pre-
determined hydraulic pressure whereby when
the pressure of fluid in saig smaller cylinder ex-
ceeds said predetermined pressure the fluid may
flow from one cylinder to the other.

3. A hydraulic motor including means for ad-
Jjusting its hydraulic capacity for each revolution,
hydraulically operated mechanism for adjust-
ing said adjusting means by hydraulic fluid under
pressure operating said motor, said hydraulically
operated mechanism including means forming a

pair of cylinders, a piston in each of said ecyl- it

inders for adjusting said adjusting means, con-
duit means for conducting said hydraulic fluid
to one of said cylinders, means forming a fluid
passageway adapted to interconnect said cyl-
inders, and means forming a valve responsive to
pressure in said one cylinder normally blocking
said passageway and adapted to open and close
at a predetermined hydraulic pressure whereby
when the pressure of fiuid in said one cylinder ex-

ceeds said predetermined pressure it may flow 4

to and from the other cylinder.

4. A hydraulic motor including means for ad-
justing its hydraulic capacity for each revolution,
hydraulically operated mechanism for adjust-

ing said adjusting means by hydraulic fluid under .;

pressure operating said motor, said hydraulically
operated mechanism including means forming a
pair of cylinders, a piston in each of said cyl-
inders for adjusting said adjusting means, one
of said pistons including means forming a fluid
passageway adapted to connect said cylinders,
conduit means for conducting said hydraulic fuid
to the cylinder having said passageway forming
piston, and valve means associated with said pas-
sageway normally blocking it and adapted to
open at a predetermined hydraulic pressure
whereby when the pressure of said hydraulic fiuid
in said one eylinder is above said predetermined
pressure said fluid may flow to said other cyl-
inder.

5. A hydraulic motor including means for ad-
justing its hydraulic capacity for each revolution,
hydraulically operated mechanism for adjust-
ing said adjusting means by hydraulic fluid under
pressure operating said motor, said hydraulically
operated mechanism including means forming a
pair of axially aligned cylinders of different in-
ternal diameters, means forming interconnected
pistons one in each of said cylinders including a

passageway connecting said cylinders, conduit 7

means for conducting said hydraulic fiuid to one
of said cylinders, and valve means normally
blocking said passageway adapied to open at a
predetermined hydraulic pressure whereby when
the pressure of said hydraulic fluid in said one
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cylinder exceeds said predetermined pressure
fluid may flow to both of said cylinders.

6. A hydraulic motor including means for ad-
justing its hydraulic capacity for each revolu-
vion, hydraulically operated mechanism for ad-
justing said adjusting means by hydraulic fluid
under pressure operating said motor, said hy-
draulically operated mechanism including means
forming a pair of axially aligsned cylinders of
different internal diameters, means forming in-
terconnected pistons one in each of said cylin-
ders, the smaller piston of which includes means
forming a passageway interconnecting said cylin-
ders, conduit means for conducting said hydraulic
fluid to the smaller of said cylinders, and a spring
loaded valve means normally blocking said pas-
sageway adapted to open at a predstermined
hydraulic pressure whereby when the pressure
of said hydraulic fluid in the smaller of said

¢ylinders exceeds said predetermined pressure

hydraulic fluid may flow to said larger cylinder
through said passageway.

7. A hydraulic metor including means for ad-
justing its hydraulic capacity for each revolution,
hydraulically operated mechanism for adjust-
ing said adjusting means by hydraulic fluid un-
der pressure operating said motor, said hydrau-
lically operated mechanism including means
forming a pair of axially aligned ecylinders of
different internal diameters, means forming in-
terconnected pistons one in each of said eylin-
ders, the smaller piston of which includes means
forming a passageway interconnecting said cyl-
inders, conduit means for conducting said hy-
draulic fluid to the smaller ‘of said cylinders,
and a spring loaded valve means normally block-
ing said passageway adapted to open at a prede-
termined hydraulic pressure whereby when ‘the
pressure of said hydraulic fluid in the smaller of
said cylinders exceeds said predetermined pres-
sure hydraulic fluid may flow to said larger cyl-
inder through said passageway, said spring
loaded valve means including a valve plunger
and a spring carried within the larger of said
pistons.

8. A wvariable volume rotary hydraulic motor
including a casing, a rotor mounted in said cas-
ing and having reciprocable cylinders, pistons
in said cylinders, a thrust plate positioned to
take the thrust of said pistons, means mounting
said thrust plate for adjustment to adjust the
volumetric consumption of said motor for each
revolution, spring means urging said thrust plate
toward a minimum consumption position, pres-

5 sure responsive means opposing said spring means

and urging said thrust plate to 2 maximum con-
sumption position, said pressure responsive
means including a line pressure chamber, a
cylinder having a relatively large area and a
seeond cylinder having a relatively small area, a
piston in each of said ecylinders operative in
response to pressure therein to urge said thrust
plate in opposition to said spring means, means
connecting said cylinder of relatively small area
permanently to said line pressure chamber, and
pressure responsive valve means for connecting
said eylinder of relatively large area to said line
pressure chamber whenever the line pressure
reaches a predetermined value.

9. A variable volume rotary hydraulic motor
inciuding a casing, a rotor mounted in said cas-
ing and having reciprocable cylinders, pistons
in said eylinders, a thrust plate positioned to
take the thrust of said pistons, means mounting
said thrust plate for adjustment to adjust the
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-velumetric consumption of said:.metor for each

revolution; spring means urging said-thrust plate
toward a. minimum-conswmption: pesifien,: pres-
sure: Tesponsive means: oppesing <said spring
means.andurging said thrust plate fo a maximum
consumption pesition, said:pressure:respamnsive
means: including: & - line - pressure. chamber, - a
pair-of eylinders, a piston-in each.of said-cylin-
-ders; operative -in response-to pressure therein to
urge said thrust.plate in opposition to-said spring
means, means: eonnecting one -of said paiz of
cylinders - permanently. to--said line pressure
chamber; and pressure: responsive: valve means
for connecting the.other of said: pair of eylinders
to:said: line pressure-chamber whenever: the line
pressute- resches a predetermined. value:

10.-A Dpressure respensive -variable -velume
motor-including 2. member-adjustable; to - vary- the
effective volume -of said motor for -each revoli-
tjon; means urging- said member to;a minimum
volume. pesition, fluld pressure nesponsive means
urging said member to-2 maximum, volume posi-
tien; said fluid responsive means.including a pair
of pistens of unegual area, the smaller-of which
is- normally in communieation. -with; the. fluid
pressure, and pressure. responsive- valyve means
for putting the. larger of said pistens-in. com-
munication with. the- fluid pressure whenever the
-Auid.pressure neaches:a; predetermined. value-and

cutting it. off -of communication: therewith when -

the: fluid pressure drops: below -said . predeter-
mined value.

11. A, pressure -responsive -variable -volume
motor including:a. member adiustable to:vary the

effective: volume: of: said: metor for -each revolu~ -

tion, means yrging said member fo: g minimum
volume: position; fnid pressure responsive: means
urging said member-to-a: maximum; volume: posi-
“Hon, said: fluid, responsive means including: a pair
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-of ipistons, one of whichis normally in-communi~

cation with: the fluid pressure,:and jpressure re-

-sponsive: valve means for: putting the other-of said

pistongs in communieation-with-the fuid pressure
whenever- the fluid :pressure..reaches & prede-

termined value and -cutting it off of seammunica-

tion therewith when the fluid pressure-drops be-
low-said predetermined value.,

12. A variable volume hydraulic motor inelud-
ing an adjustablevolume control member, pres-
sure responsive means for-adjusting. said volume
control member including .a:pair-of-aligned. eyl-
inders of different diameters, different. size:con-

nected pistons, one in .each--of -said cylindens, &

passageway formed-in the smaller-of-said pistons
connecting the two-eylinders-together when:said
passageway - is open, .and a:high pressure re-
sponsive- valve: including:-a; spring ‘housed in: the

larger of said: pistons nermally.-clesing said. pas-~

sageway: .
13. A, variable- volume hydraulic motor.inelud-

ing an. adjustable velume-contrel member, pres-

sure responsive:means for gdjusting said. volume

control member ineluding .o pair of.-glisned ¢yl-

inders of different diameters, :different-size con~
nected pistons, one in. each -of -said cylinders,a
passageway formed in the smaller - of said pistons
connesting the two cylinders together when: said
passageway Iis epen, -and: a. high pressuze: re-
sponsive valve nermally-closing: said: passageway.

‘ERNST F"MULEER.
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