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Swashpl ate Apparatus wth Slipper Cavitation Erosion Control and

| rpact Reduction. This invention relates to a cavitation erosion control
and inpact reduction in ‘a piston type hydraulic apparatus. 10 In
hydraul i ¢ piston type units, pistons are caused to slide within bores of a
rotating cylinder bl ock and act against a swashplate. | 8C88d33i ng,
mechani cal energy is transfornmed into fl uidlpewer- or conversely fluid power
15%¢an be converted into nechani cal energy by reversing the operation.
Sinply stated, a hydraulic piston type unit of the type described, may -be
operated as a punp or as a notor. To acconplish this, it is necessary to
transfer fluid fr vel,: .10 I 2 .
hydraulic unit ﬂ%% &d §§2’§P§E{r’r§ #"Ilﬁlhd %;ig'?g%rre i(:sa%g;s\te%&?ro%%sfgvv

| evel to sone Hiaptkirol cand  ImpacbaBedunsaonke hydraulic unit is-operated as
a notor, fluid pressure is received at a high I evel and discharged at a
| ower level. In both of these types of energy transfer situations, it is
necessary that a pressure |evel change or transition take place

approxi mately emfis [ ¢hvkn®fion relat@balidPNaOlcdwi teft 51 hek8sibbnt | ébntrdl

iis at these pressure. level changes or transitions that slipper- swashp]ate
‘interface probl® odBRACEA ¢ E%FlﬁPobHéhlié1ﬂﬂ&5§ﬂ“inﬁ§§F |d§§$ﬁ38L+c

the slipper on dgpaf#®ees of the swashpl ate evidenced by scuffing of the
swashpl at e Eﬁ 10 the slipper. Another problemis that of erosion
typi cal of at associated with cavitation. The invention to be

' In hydraulic piston type units, pistons are caused to

slide within bores of a rotating cylinder block and act
against a swashplate. In so doing, mechanical energy is
transformed into fluid power or conversely fluid power

15 can be convefted into mechanical energy by reversing the
operation. Simply stated, a hydraulic piston type unit

. of the type described, may be operated as a pump or as a
motor. To accomplish this, it is necessary to transfer
fluid pressure from one 1level to another. Where the

20 hydraulic unit is operated as a pump, fluid pressure is
raised from a low level to some higher level, whereas,
when the hydraulic unit is operated as a motor, £fluid
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d | bed hereinafter provides a sinple and efficient renmedy for these
ens. Historically the problemg-of cavitation erosion 15 contr ol
has been treated in a nunber of patents to be discussed her ei naf t er which
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shape and°§x$§ﬁh§h&;qntt&kerpkﬂnerappmopnmabgmy dﬂnhﬁmﬁn obfthe cyl i nder
blgck confatRition’dr. twuﬁé %9&? f@&fﬁ@§5ﬁ' y ‘ii&pgssesaia{%h?g ts in the

cylinder block to either ressure. o Slinm No.
3, 369, 458?‘ﬁﬁﬁ@ﬁq:;QﬂﬁkxghiﬂgeﬁaOhyGFaDBRGi&pﬁamhak;sliagerzes t hat there

dd rt 1 of a
3 cdamaanpigee Sivaskuatohon pbveec | 3 Mpfler probite 1,7 2,

t cylin
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Historically the problem of cavitation erosion

15 control has been treated in a number of patents to be
discussed hereinafter which show swashplates, hydraulic ‘
pumps and motors. A number of these patents recognize
the cavitation erosion problem that exists between the
main ports of a valve plate and ports in the face of a

20 rotary mounted cylinder block positioned in sliding
engagement with the valve plate provided with the main
ports. The main ports of the valve plate are generally
of a kidney shape and experience either high or low
pressure. Movement of the cylinder block containing

25 pistons, alternately exposes the ports in the cylinder
block to either high or low pressure.

U.s,Ppatent to Slimm, No. 3,369,458, which is
directed to a hydraulic apparatus recognizés that there
is a sudden pressure change problem between ports 29,

30 Fig. 1 of a rotary cylinder block 25 and fixed high and
low pressure ports 33, 34 in a valve plate. An erosion
problem that arises because of the sudden pressure
changes is relieved by providing an auxiliary port 54,
(Fig. 4) in the fixed valve plate 24. The auxiliary port



directed to a hydraulic punp, provides for noise reduction at a val ve pl at;

- 52 and c¢ylinder block 14 port plate 5;g.nterface (Fig. 1). The presence of L
poise is 10 frequently -associ ated Wi th erosion and cavitation wear

-problens. Nbon et al acconplishes noise reduction by the provision of
"fishtails" 76, &3 acd;mmmdcahesl withng estgd cdfedi fowinpassagpsec58urndp s s

I -t he vg’l ve pl at @fésgﬁﬁ&ksbgiivb‘;&v@ ifg C Py éhaﬁ 588 tf-@ tlag sat g of
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that has a passa@liﬁq@aﬁghél hgggg_.ai s His r;fﬁfpggg 410batOKialtes no

| ubrication to the pper | at e bearlng surface |nteiface 32.
20 MSon doed’?ﬂﬂﬁ’e@bgﬁ?éeS%EEPGFO'EF’@rﬁ"!H akeseppsipn; gEntro
slipper-swashplate interface and entertains no renedy.. U S. Schauer patent

No. 4,096,786, directe a rot I

the same cl ass o; devi c “agaFﬁBgr eﬁa?q(? Ié&%#éﬁgihggh gpgaﬁ 2§h e |n
t hat no: se IeVﬁI dﬁcbu:twntosaahyarawmd aimp £ pio%héesnfent noulsan]g

contenpl ates the |n UGt ur et 0

devi cgpdurl ng opé% 1%? g? H%Z-Vgo,&]ﬁ,eﬁ 'ﬁé ﬁgfgié’\??%e é&* 14 %rt
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i nternediate pressure [eve aren e transrtion and by varyln
trapped volumes fproblensir oMpon n&talﬂangmeiﬁ%heaangésseﬁeﬁ&§$

gO' ume of fluid I #‘fs?&ﬁ'&f ‘Y}ilsﬁh‘i:taﬂ%'pr‘fﬁsuéé adjhtent &waeameag edge
chauer patent-n recogni zes
of high and low pressure ports in the valve plate. The
fishtails provide orifices that control the rate of bulk
15 - modulus flow. This results in a reduction of wave fronts
and a decrease in noise and concomitant wear. Moon et al
includes a slipper 34 that has a passage through the
slipper 34, not referenced, to provide lubrication to the
_ slipper 34'and swashplate bearing surface interface 32.
20 Moon does not recognize the problem of erosion at the

slipper-swashplate interface and entertains no remedy.

U.S.Schauer patent No. 4,096,786, directed to a
rotary fluid energy translating device, is in the same
class of devices as the patents to Slimm and Moon et al

25 in that noise level reduction is a primary feature of the
invention and contemplates the inclusion of structure to
reduce the noise level of the device during operation by
pressure control ‘within the device during transition
between high and low pressure ports of the device and,

30 particularly, by means of employing trapped volumes of

- fluid to obtain intermediate pressure levels during the
transition and by varying the trapped volumes for a
controlled rate of pressure change depeﬁdent upon the
volume of fluid in the device subject to pressure



-sl'k) r erosion problemnor provides any neans that would inherently treat
the problem U S patent to Speréy No. 1,714,145, directed to a 5
o]

crankl ess engi ne, teaches the us f radial groovés 20 in a slipper ring 15
to provide a lubricant flow path to reduce friction Between a slipper ring

15 and swatinpinatia fidng Fi gThe) SchReery phteen $104 %EIC erdai3i+d &atd 0 pat h
t hrough thg Ri.st ons 46 ' e descri bed he?gfﬁg'tgféﬁéﬁliégx&ﬁg‘
respect to }

~invol ves ainherently ctteatsthesipaobldmy, oscill ating output which shows in
Fig. 1, a rocker arm 30, that carries a plurality of pistons 40. Each
piston is provided with a 15 slipper shoe 54 riding on the surface of

R e R Ao A s e
welaéf as thgkéﬁkgp%g}g sﬁ'?)% @%de?&?%geﬁal?ﬁhﬁi’%%ftpf?aaai69§&°"£s ?Q&hb@k

val ve and ar §liPRen ating 26 to provd dmireihwboichanbkr flawt patlhatence pad
Cniterface b TRos MAGHOR neriReR & BERE Flforts, of sheiidtele
"equal i ze ke (Fdg+ o) ¢ heSPeORY do¢shavikt @rovideaa phbrdcatdwninpathl! i nes
3109, TERréugtandd ghstons 48! o WY B0'alsat Yhea) BAdihE ey S | PPer
avitation and erosion wear as taught Tn € speciticatli t hat
fot9ons. With rggapeck ck@nthe; gubjecsn inventies. a piston type rotary
hydraul i ¢ apparatus that includes a rotary cylinder bl ock
U.S. patent to Alexander No. 3,996,806, involves a
hydrostatic transmission with oscillating cutput which
shows in Fig. 1, a rocker arm 30, that carries a
_ pPlurality of pistons 40. Each'piétdn is provided with a
15 slipper shoe 54 riding on .the surface of a cam plate 14.
~ The cam plate is provided with a plufélity of passages 56
that communicate with a balance pad 32 on one side of the
cam plate 14 as well as the slipper shoe side. The ball
44 and spring 46 act as a check valve and are involved in
20 the pumping of lubricant to balance pad 32. The pressure
on either side of the cam plate 14, i.e. at the slipper
interface with cam pléte and balance pad with the back of
the cam plate, "equalize the locad on the front and back
| of the cam platéﬁ_(coldmn 2 lines 3 to 5). The Alexander
25 patent does not feature'venting of a slipper to reduce
_cavitation and erosion wear as taught in the
specification that follows. '
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~nmounting at |east: one piston for reciprocal novenent therein, port

pl ate nmeans,.cooperating with the rotary 5 cylinder block to port fluid at
first and second fluid pressures to and fromthe cylinder block on rotation
of the cylinder block relative to the port plate, the or each piston having
a slipper coupled thereto at one end thereof for sliding engagenent with a
swashpl ate and an 10 internal passagegextending fromone end to the other
enW*thereof to allow fluid fromthe port :Ipl aje neans t,0 co nicate i,n use

iPR nProN L9e

through an operfhg) iRFeS@nts| jinxantion @ S p RN ( YRS | FRFaThd
tlgehswashpl ate,hyﬁﬁd htﬁ"iﬂ: ]Eéppﬁ@e ﬁ@lﬂﬁ&hi mﬁll:mdeasata ke?a}ryowl\imﬁﬁqoatswed

] avi ng one end thereof _opening at the_s er z swas e interface

the other end SRMMENT o2k, gﬁ??&onﬁﬂﬁt PhSFRPcHEQhe raﬁeﬁ)ﬁaé?ﬁcﬁe %vreénﬁar{sk

|l ess than the filredteiand pextndplatéuimkangr exmperatindiemilith ~the rofidxmy
energy dissipatian and p Lde e Istation S n o] :

| npact effeCts “‘Iﬁﬂ%@erat Bgﬁggslﬁ%gééfgm@\#ﬁld:téei r'?? grg-ag%bénggg\?\gsﬂ%%%%

has a surface \pmessures tbeand pfromither cyddnderd bleck| pppaotad iamureed
for moverent algg 2914Res BIOLR! Fe IR oro ehlicpoFt Siladiil checa

fluid pressures are pPC inuse alternately to and rough openings in_
the slipper toeaghipistenchayingech ShiPBerprOUPled t HRexekhptade Rndhe

swashpl at e advafaePtiskyrnal id ibR lefayEménawittca Oswashpeaea! atidZesn
Each of the_vent passages has one “end I hereof openi ng?gt

. t he
sl i pper - swadfpl rternak Paggagadexkending Ham (PRe eBRdofenithe Fhgy end
envi ronnent in sérdos hacanailgow pEeasar efroml asy ot eplhee theahsrsto35

or second conunur“éjai't(:je in %rs%sségxegugh an torbeerneiqyg, in t.hg slipper to
the interface between the slipper and the swashplate,
wherein the swashplate includes at least one vent passage
15 havi'ng one end thereof opening at the slipper—swashplate
interface and the other end opening to an environment in
which the ambient pressure is less than the first and
'_second. fluid pressures thereby to allow energy
dissipation and provide reduced cavitation erosion and
20 load impact effects in use at the slipper-swashplate

interface.

The swashplate has a surface upon which the slipper
interfaces and the slipper is mounted for movement along

' 25 the "swashplate surface. - The first and second fluid
pressures are ported in use alternately to and through
openings in the slipper to the interface between the
slipper and the swashplate.

30 The sﬁashplate_ advantageously has a pair of vent passages
of different sizes. Each of the vent passages has one
end thereof opening at the slipper-swashplate interface
and the other end thereof opening to an environment in
which the ambient pressure is lower than either the first

35 or secoﬁd fluid pressures thereby to



w ener gy dissipation and provide reduced cavitation erosion and | oad
ﬂ% t effects at the slipper-swashplate interface. In the preferred

di mrent of the larger 5 of the vent passages is associated with
the€ | ower of the first and secong.fluid pressures and the swashplate is
characterized by the presence of high and | ow pressure interface regions as

a consequence of the alternate delivery of the fluid at the first 10
and secondagﬁggsﬁﬂﬁf E%&%d@@y

at or near bh&i&:ratuﬂmmemtimf et lodd t hepaot eeffeetsegitons with the vent
passage ope t he ressure interface 15 regi on
advantageoughggsﬁiﬁg't(;wgéyﬁihﬁéuﬁﬂiékiﬁkﬁ the interface region than the
vent passage opening aSSOCIated with the Iom/pressure i nterface region.
-7- Brief Descrlptlo LErd I- al
Cross-section rﬁgﬁx gggra us t%§¥ gt oﬁe g‘?h%&'lnventlon 5
Figbre 2 isod ¢P@wWﬁntaFﬁ§SRBQﬁa raSﬂOQh%tﬂgdwtthcthppAPaBus of Figure 1
takten al 0][190tfh%h|e| Trdt? didl fAelbrfd 121dfa pPYESuBesSad eR@! tudinal cross
section of a
w%s o) ate(is characterized ty the presence of high

and lovw pressure interface regions as a consequence

of the alternate delivery of the f1u1d at the first
10 and second pressures.

The vent passage openings are advantageously
located at or near the entrance end of each of the
interface regions with the vent passage opehing o
associated with the high pressure interface -

15 region advantageously closer to the entrance end
of the interface region than the vent passage
opening associated with the low pressure 1nterface
region.
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sl ipper assenbly enployed in the hydrauli’c apparatus of Figure 1; Figure "4652>
is a view. of the swashplate wused in the 15 invention of the BN

.hydraullc apparatus of Figure 1 taken along the line 4-4 in Figure 1 shown
with the slippers renpved; Figure 4A is a cross-sectional view taken al ong
the line 20 4A-4A of Figure'4; and Figure 5is a.view of a prior art

shpl ate that -evidences i npact l oadi=ny wear as well as cavitation
er on scuff ing. Best Mbde for Carrying out the Invention Reference is
now rmade to Flgure 1 that illustrates a hydraullc drive 10 particularly
suitable for W8 3 : he g ®© for aircraft, such as that

di scl osed in tﬁ@g&ﬂ@enﬂlnﬂsCDédnﬁiﬁéPQi'CébeQ‘gGEhﬁbnNoof933 Sﬁ?dréhhﬁé

August 11, 1978, and assi e sanme assignee as the presen

i nventi on. 'HK?PEQF%BPFctgFFVSNEGGéGESFﬁﬁskﬁﬁﬁﬂ tHQR7 of a 10 vari abl e
di spl acenegt hydraulic unit 11 and a fixed displacement hydraulic unit 12
shown here in dptted outLlne Elther f the draullc uni 1 and. 12 nay

be oper at ed asfd’ag‘bﬁ?rp orig bt Yieke diang ?JJ; % D6MREr @ n(ﬁh"’l Hgdﬂ‘llﬁct he .
associ at ed corsppmtaispsedfdmz‘qmrelﬂ takeficalondgs3 thed lliceop2+ 2t neFigareas
i'nput or outpuj, gears dependi ng upon displacenment of hydraulic unit 11 and
the torque tra §fer in a nechanical differential (not shown) conventionally
provided in constant speed drives. Gears 13 and 14 are integral parts to-

shafts 22 15 pigure 3 is a longitudinal cross section of a piston and
' slipper assembly employed in the hydraullc apparatus of
Flgure 1,

Figuré 4 is a view of the swashplate used in the

15 invention of the hydraulic apparatus of Figure 1 taken
along the line 4-4 in Figure 1 shown with the slippers
removed ; '

Figure 4A is a cross-sectional view taken along the line
20 4A-4A of Figure 4; and

Figure 5 is a view of ‘a prior art swashplate ‘that
evidences impact.-




ported by beari.ngsl7 and 19 in the manner shown via a spline connection

a tubul ar shaft (unreferenced) ighterposed between the right hand end of
shaft 23 and bearing 19. The bearings 18 and 19 are 25 roller .
bearings seposdlingt Weara é@%ﬂp@étchQE%thnV%r\@sméu?ﬂanéﬂd the
bearings 16 to 19 support the hydraulic units 11 and 12 within the housing
21. . As noted above, gears 13 and 14 and the drive shafts 22 and 23 dellveﬁyf
tofque to and fromthe respective hydraulic 3Q uni t.s 11 and 12. The
val ve nenber 24 h gener al | -'uate or- kldne shaoed Inlet and di scharge
passages or port s2285 P08 - , ntion |
illustrated in Figure | shoms onIy arcuate passage 26 whi ch passage 26 is
connected via a conduit 27 to what has been designated as a | ow pressure .
fluid source 28. The valve nenber 24 with its arcuate ports 5 25, 26,
allows for the dekbﬁmﬂenpeﬁiﬁluod made'¢b0$§¢uxé(1uthéashlmndMﬂaﬁﬁglthe

hydraul i c | tar I i nder

o ock 31w FrbSatRuidh i 1Y P aprSeiiakly HHERIE EBECLESHAKT

f or e |n_annm$aan&rmaﬁeﬁcﬁmﬂvehéoaxaaraxaﬂtﬂxsuch ashthatg ﬁisclhsed
menber’ 24 thYoGlR SoRAng COPRRLE, KPR shac) S ERLAT KB, 837 b v°
Formed at tﬁblggheﬁUSKﬁtﬁllhelﬂy8undeﬂ llssdigrasd i soatbensamb @Esdlgnemul ar -
projection 38 gnge?@égbﬂ@aiﬂeggkyohherefron1and 15 . a splined bore 37

therein i nterengagling splines on drive-shaft 22, so that the cylinder
bl ock 31 rotates

The hydraulic drive 10 consists generally of a
10 - variable displacement hydraulic unit 11 and a fixed
d1sp1acement hydraulxc unit 12 shown here in dotted
'_ Qutline. Either of the hydraulic units 11 andl2 may be
operated as a pump or a motor depending upon control

C§§,: and 23. Shaft 22 is supported on bearings 16 and 18. Shaft 23 is

_ conditions with the associated constant speed drive.

15 _Gears 13 and 14 operate either as input or output gears
depending upon displacement of hydraulic unit 11 and the
torque transfer in a mechanical differential (not shown)
conventionally provided.ih constant speed drives.

Gears 13 and 14 are integral parts to shafts'22
20 - and 23. Shaft 22 is supported on bearings 16 and 18.
shaft 23 is supported by bearingsl7 and 19 in the manner
shown.via a spline connection to a tubular shaft
(unneferenced) interpoéed between the right hand end of
shaft 23 and bearing 19. The bearings 18 and 19 are
25 roller bearings seated within a common port plate or
valve member 24, and the bearings 16 to 19 support thé
hydraultc units 11 and 12 within the housing 21. As
noted above, gears 13 and 14 and the drive shafts 22
and 23 deliver torque to and from the respective hydraulic
3Q unktts 11 and 12, The valve member 24 has generally
arcuate or kidney shaped inlet and discharge
passages or'ports 25 and 26 as shown in Figure 2. The



hﬁth drive shaft 22 and torque may be transmtted therebetween. Pistons 39,
41 are reciprocally nmounted within each 20 of the cylinder bores 32,
'35. - The piston 39 has a:spherically projegting end 43 and the piston 41
has a spherically projecting end 42. Projecting end 42 carries a slipper
44, -and projectin nd 43 carries pper 46. Each of the slippers 44, 46
has-a spheri cal g&'?é?"zél ust Ef&cin“ag igwpanli Abaueapnly, arguate

.| o™it udi nal secpassagfe BSQUMhiQ:h ipa $£8§p€CR6 OispbohARctba vilae asnitﬁ{d@&
socket 47 in coo gh %E %% lﬁﬁ? herigal gend 42 alb ws _for pivot
movenent therebe ggh il 'g TtIRaked a8 A.d QWL PIESSPI&r
45, 48. These skpppee [28ari Mhe3Gralve mnte:e24451tn81tbldawqauiupﬁrts

vashpl ate or carsso o a o For R PaE gt 158 RET B G B, B ihonet 5o

41 is pivotally cirgpdft 6asbr,1an (hetivoeen (vbe bydranlieechaidscdl ambvl 2mde

to Figure 3 wherein the piston 41 is shown in greater detail. The pi st on
41 is seen to consi st g neraIIy of an integral el ongated body - menber
50 surrounded by a cyl B¥Grpddicandt fehpincludesha mtegyalcyﬁeagﬂewemso

is generally cyl 3andwiieal aa@iulmnj ¢t é:@ﬂéﬂ 55l§§6§e§3c§t1i9ﬂferenq)ores
t hereof which cogétgﬁutes a portlon o %e wor king f ace of t.he ﬁiston

41. As noted ea ergin, fPIReR AR ARRH1 TheaiBaY aroyipg edha
50 the shierical shagjtsci2i2gn md 2Xxi £1Iprdbsposddch minaléesfgrzcedﬁmdrhﬁcate
flurd in the cyl LogR R Sorte 2%, ' 1AL %eﬂe}nﬁm“% B ougr Pitsage
34 at the forward end of the cyllnder bores. Formed at
the other end of the cylinder block 31 is a central axial
annular projection 36 exﬁending rearwerdly therefrom and
15 a splined bore 37 therein interengaging splines 38 on
- drive shaft 22, so that the cylinder block 31 rotates
with drive shaft 22 and torque may be transmitted
therebetween. | '

Pistons 39, 41 are reciprocally mounted within each
20 of the cylinder bores 32, 35. The piston 39 has a
’ spherically projecting end 43 and the piston 41 has a
spherically projecting end 42. Projecting end 42 carries
a slipper 44, and projecting end 43 carries a slipper
- 46. Each of the slippers 44, 46 has a spherical socket
25 47 such as'shoﬁn in detail in the longitudinal section of
Figure 3, in respect of pision 41. The spherical socket
47 in cooperation with the spherical end 42 allows for
pivotal movement Eherebetween. Each of the slippers 44,
46 have bearing surfaces 45,'48. These slipper bearing
30 surfaces 45}_48 slidably'engage a swashplate or cam
surface 61 of a swashplate or cam member 60.

The'swashplate or cam 60 which produces
- reciprocating motion of the pistons 39, 41 is pivotally



menber 50 to the swashplate or cam nenber 60 as shown in Figure 1. 15 :
I d passage 54 is centrally disposed in the generally cylindrical body
d opens at qgne end to the radj@l. surface 53 and at the other end t'o
pherical surface of the projection end 42 as can 'best be seen in
Figure 3. 20 The piston 41 and slipper 44 assenbly of Figure 3

I 11ustrat he presence of fluid under
q‘fberr er g }m“"i'&q:s nceoglg&'f"ft

pressure, as evi e arrows directed to the radlalarf
surface 53. At the left hand end of the pi ston 41 and sllpper 44 assenbl y;
there 25 S Q?% eal ek ' [ ] as

evi denced by theRgrkIre('jilv%its“rf%lt rq(%c ‘%J i Séoslo‘dl;F Ek‘é garellﬁ‘régfeg'ur tgf:% 45.

Pressure [R¥stomndl] dsr phewn Hn greaker 4de Blar eTblq gisten &k isan P1

and P2 dueséentbs Ebﬁ%&lsrtegfkﬂ&éﬁ%@f‘ éﬁeiheara_&a elhiptedbady orifice
as shown. he Cylinder "bl ock ure 1 rotates about its

am% t he "ﬂﬁ'&%ﬁréol gurgounded By %%dﬂ/FPﬁdSPVGGr dember, Bl 35 v | |
change fromé eiht Qali m hf&intk&ckso 01flgéuéraq19aeylrimaﬁwaprhm t he

cylinder RQlock S ure an t he pi st.on.porti nDves across
the surfa %rﬂagi- 8 %ﬁa&hﬂ at ones 58@ %’P é;g{ﬂ
appreci at embdnstﬁtutese\a m‘ajtdze poi tison aof othef wBlrglilng éfad'e of the
Ref erri ng I be seen .
t hat as ttéagcy m&gr’ rhgckjﬂ‘:faééj %ﬁ%g’g\l ﬂ“%@% c%ﬁa 60, fluid
ediler s t helnyegnddr dboddys oemhen] 50 tthe hsphesical mmjreg;t;imm emd 42
is formed. Much of the force of ‘the fluid in the
cylinder bores 32, 35 is transferred through the integral
body member S50 to the swashplate or cem_member 60 as
shown in Figure 1, ' '

15 A fluid pessage 54 is ceritrally dispbsed in
" the generally cylindrical body 50 and opens at one end to
the radial surface 53 and at the other end to the
spherical surface of the projection end 42 as can best be
seen in Figure 3.

20 The pisten 41 and slipper 44 assembly of Figure 3
illustrates at the right hand end thereof the presence of
fluid under pressure, Pl or P, as evidenced by the
arrows directed to the radjal surface 53. At the left
hand end of the pxston 41 and slipper 44 assembly, there

25 is illustrated fluid unde: pressure P;' or Pz as
evidenced by the arrows directed to the slipper bearing
surface 45, Pressure P,*' and P,' at the slipper 44
end are slightly less than Py and Pz due,to the
pressure drop through the internal passage 54 and orifice

-30 as shown. As the sylinder'bloék 31 of Figure 1 rotates
about its axis, the pressure in the axially disposed

- cylinder bores 32 and 35 will change from Pl to pz

and then back to Py during each tevolution of



v ’ . \
swashpl ate surface 61 fromone of the ports in the valve 10 menber 3§E%§;}
and fluid is expelled fromthe cylinders associated with the portss novin

Wp the swashplate surface 61 to the othett port in the val ve menber 24, The
fluid entering or leaving the cylinders may be either high or |ow pressure

fluid. A coil comp S| <SRLINQG 463,15 . IS provided, for resiliently,
bikdsi ng the cyli nd%ﬁéb#ﬁ@l%i@fri g:\l@cé‘rfgagwetfk%tp $TUERcChange df Qzlg’c'%ton
meMAtai n afi eff ectportingdmoyesc acridsn dites veerf ac&paregs6305uMowistide
drive shaft 22 andg hyed g hi centr s i i nder_ .

bl ock 31. One end.d%‘?é?héi‘és& guwéa?r%qr@"ﬁngéﬁéegﬁg §B§?88&?§%%. sHfbrrelew
which in turn is re§tthenddlagdivadianieff Figenend.by a shoul der defined by
the .inner ends of splines 38 on the drive shaft 22. In this manner the

spring 63 reacts against_the drive shaft 22 and through _bearing 16 to the
drive 25 3 housing. Refestiag dackitaFigureslengndckespingdmmind

spring seat 66, axppghyefl i@jedewiddn HSRAEdn tEhdbCasythadey1indde Th dvk 6?1 |
suitable snap ring 6 n a Srgove not referenced jn central _.recess 64. n
abesawied,

this manner, the stPt respacgt fYycivashplatently Slodd Bnters the
engagement with theyYhhdersealseocihtdd withirenéd ﬁb@téhgmaﬁtiwwrﬂtﬁxéé
cam €0 reveal s nomiERlRLRLS LR & B Rl SPokFe. Ber IRl et ST
and di fferldht portmemberh2d, andorflasibnik véexpellegd Hromovher esdimiers
o OULed, b, b4 SnevesbaneaeaE YA, W BB 808G g AL alaligh sbenee
: : - surface 61 to the other port in the valve member 24. The
fluid entering or leaving the cylindersﬂmay be either
high or low pfessure fluid. A coil compression spring 63
15 ‘is provided for resilien:ly biasing the cylinder block 31
into engagement with the valve member 24 to maintain an
effective sliding.seal therebetween. 8Spring 63 surrounds
the drive shaft 22 and is received within a central
 recess 64 in the cylinder block 31. One end of the
20 spring 63 engages a spring seat washer 65 which in turn
| is restrained against axial movement by a shoulder
defined by the inner ends of splines 38 on the drive
shaft 22. 1In this manner the spring 63 reacts against
the drive shaft 22 and through bearing 16 to the drive
25 housing. The other end of spring 63 engages an annular
spring seat 66,_&x1a11y fixed with respedt'to the
- cylinder block 31 by a suitable snap ring 67 in a groove
not referenced in central recess 64. In this manner, the
spring 63_resi1ieht1y'¢rges the cylinder block 31 into
30 eﬁgagement with the valve member 24.

~In Eigdre.4 the view of swashplate or cam 60
ieveals_the swashplate surface 61 on which there is shown
in dotted outline arcuate kidney shaped interface regions
72, 73 defining discrete and different portions that



utline 74 of a slipper is also shown in dotted 5 outline noving from
pressure (LP) [err] interface region 73 into the surface space 70
agent high pressure (HP) [err] &terface regi on* 72.- The pressure change
oted earlier as a slipper nowesAf'romone region 73 to another region 72
t akes 10 pl ace rather abruptly, i.e. in mcroseconds, producing

er 0si on aner ebPeARl WitHIINEgh | or 864" giees e 'inUﬁdéB’QS}}il@{‘dn% cating

- energy dissjpati/n or|f|c enin 77 _1n the swashpl ate ce wher@dt
t he gressu$ggP gF P ?§§E%?SPPH§ &t ANk kigney rehareds 15 &

bot h erosi apcaate mtpﬂews:e poet| 26ahisoshowd iz Fiduide2prifices 76,
77 is as shown in Figure 4 and these are for a unit which perforns either

‘as a p unmp or a notor. It should be understood that in the practice of the.
i'nvention, the vehie @m&inn;cﬂ4ooffacsllipe&sdclaﬂ%b\shdwﬂKhn dottkd | over

h i f 76
ass%c?a?trag&émg{lgn? g"’ﬁ’ﬁgﬁ pflleéséué 5P§éa?é'¥|§] a(rl%srl &IE t:arcrta in the
practice oteghen|ﬂﬁemMHn1thcuswnfecéespaceoHﬂMaqunenhuhrghuIts t he vent
passage or Péééhﬁ%@(ﬁ:ﬁ%'?ﬁ@? e Phil EQ?:%Q%% ' pressure [err]

|nterface egl on ys closer he entr’ance end of the high
pressure interface reglon than the vent passage opening or orifice 77

associated with ippg | uﬁﬁa{,?érks h@t%f W flleél' Yk B s1fp ?bgure_-4A '

t he section shown il ustrates . ce 76, or vent opening
as it may BeVESr FEOm QnmJQSioR( 3 atBa§§&§@WHyrﬁ9HMﬂc}gpagbngWay opens

at10'9 to apla&@ Q&&H@@W@pi?ﬂ] ivei.chn' &1Wedd}iﬂ‘s,e|1§f&ﬂuéi3ﬁ§]

erosion and/or 1mpact loading. In accordance ‘with the
invention, locating energy dissxpating or1f1ces or
openings 76, 77 in the swashplate face where the pressure
transitions occur, prevents the detr1menta1 effects of

15 both erosion and_impact_loads. The_locat1on and size of
the orifices 76, 77 is as shown in Figure 4 and these are
for a unit which perforhs either as a pump or a motor.
It should be understood that in the pract1ce of the.
invention, the vent openxng or or1f1ce 77 assoczated with

20 the lower of the pressure socrces ' Pl is preferably larger than

e

the orifice 76 associated with the high pressure source
P, . It is also important in the'practice of the
1nvent10n that in order to obtain optlmum results, the
_vent passage or or1fice 76 associated with the high
25 pressure P2' inter face reg1on 72 be always closer to
the entrance end of the high pzessure interface region
than the vent passage opening or ot1f1ce 77 associated
with the low pressure Pl' interface region 73. -

~ In Figure 4A the section shown illustrates how the
30 orifice 76,or'§ent opening as it may be termed, connects
| with a passageway 78 which passagewayIOPens at 79 to an
ambient pressure Py w whxch is lower than either Py

Pz or P1 s+ P,'. The amktient pressure P is the



fnternal pressure of the enclosure in which the hydraulic unit is nounted N
The use-.of each of the vents.or orifices 76, 77 differs in achieving 74
resol ution of the problem In 5 operation, when the cylinder block ‘of -

Figure 1 is rotating in a clockw se di rect®on as is indicated by slipper
dotted outline 74 in Figure 4, the pistons 39, 41 in the cylinder block

wil*, in Successi ointepnalf mmmrbﬁ:aihmgeﬂtlbshhé i AVVwRE HS Wh ( zpédhc
.poring 10 k|dn§¥ 26 . Eﬂfémalve menber 24 t.o.-having access wit

hi.gh pressure (HP-?Q p&FtF ey 25. When communication is nade mnth
the HP-P2 porting kidney 25, the plston and cylinder bore are sealed from

- hi h o
bressure at the flat radie uskl ok MW e O ORLE, 38 Rifces 76, 77,
comuni cat i ng pass@yEfeesi dnt dchieving cxfescbﬂamxenoofuhend»wblidm slImpper
face 45, an an |npa§%e59§gnr ewl inS 3 tééﬁlﬂdé’ﬁ%ﬁééka@ ?\iﬁ;ﬁf}@ eit éurface

61. An addltlonal ct to’be consi "apsi'hg or
i npl osi on of ni nutEoYaL#Bgi Ant e liagkyige i vectionuast dseindiicatpd)dses.

i s TPl 001 on b oBYEBper! BBkeaO ot I ROFR $ORhPR NI hIC gw@ea#s %, 41

fluird held between, t he slipper surface 45 an smas at e sur
effect of inpact at® EPSsF Br"(‘,‘gr?rb@t ogle will, s%Bﬁ°9§sli99 BV ey £ comyf f

mark 79 in the pnasmuhmm&hgl QilQ:hOftH_é e 1 §:e§§eral hpp@iss Yot e4y  or
orifice 7 nd pasgf emay?§8i ws t i s vol onmuni cat'e,
I

with a valle of f & fem r ég § "PﬁgFla@ﬁee‘s%A" th
This venting 30 thedhsghpgﬂressmmf(fﬁ'm-i porwmgokzeneygxzsto Wi Nt
any of the deleterigug,f523+33n" 3% oYk 4 entﬂ anaC%oEEg%% 'kidney 25,
the piston and cy11nder bore are sealed from the LP-P,,
port1ng kidney 26. This produces a sharp rise in
15 .pressure at the flat radial surface 53.of the piston 41,

' " as well as in the communicating passage 54 in the center
of the piston 41 and at the slipper face 45,and an impact
load results at the slipper 44 and swashplate surface
'61. An additional effect to be considered is the

20 C611ap5ing or_implosion of minute voids in the fluid
which exist due to entrained gases. This implosion
produces erosion of the surfaces containing the volume of
fluid held between the slipper surface 45 and swashplate
surface 61. The effect'of impact and eroSion can best be

- 25 - seen by the wear or scuff mark 79 in the prior art
swéshplate of Figure 5. The high ptessuré vent or
orifice 76 and passageway 78 allows this volume of fluid
to communicate.wﬁha&vphﬁe of fluid at the lower
pressure, Py, as shown in Figure 4A. This venting

30 dissipates a sufficient amount of energy to prevent any
' of the deleterious eros1on wear and dampen the impact
effect.

The location of the low pressure vent or orifice 77
is in the proximity of 180° of arc from high pressure



ycation of the | ow pressure vent or orifice 77 is in the proximty of
of arc from high pressure vent 76. A discussion of the size of
rifice has been set forth hereinbefore. As the 'slipper noves from

i gh pressure interface region M% and across the surface area 71 and
enters the Iom1pr SSLweaénterfape 5 ion 73, aq?ther ressure

transiti on VERES 7@eacd *F’rfé“ﬁ%?'&ngf3§he4§ iz Ofc eagh Retfirechas: v,
in successi Baenne\ét fﬂmnmiﬁaéfagew t Rst tehisdi pip €6 b Celsi €6 Shapedg'

20025, 1, b, WERHE PR e s PESE GRTBA T Aok S 1
:Ee |om%presanfade(knaaSﬁnpeddpentershehplabw1pnuk§mre fneegfaced from
ocout s at "t RESHPR ‘e nSURHT pRekSuER £RARSH NN AV G LEABETIHNE, |
passage 15 plstQEs|39¢ftlphntkheoéyﬁhadedemckl3knuh1ﬂ,thn sli pper face
{5, Impact Lopdead sl GRub4ckEgR AN Y S SeRLonBbhlon 10 the

form of dynam c i nst oi'nt, e sequence of events differ
from 20 prteﬁﬁmr\mukirdmusbanﬁ%p@rtf 25c isr thentvakve member| 24 itepact

| oadi ng andm‘&%‘ihbatdd?ﬁn@ﬁf’ééei‘oﬂowﬂﬁh Qﬁ%uﬁd“"iﬁééé\i‘ﬁétki’ahEQ EBapegover

pressure. The probl em devel gcause the piston 41 sl|ipper” 44 aSsenbly

andl®he fl uPG’réctzsas é"%ﬁ‘?lﬁ‘g‘“ﬂﬂgéc?ﬁf’@mls\/\ﬁ@rﬁq elehdtBeedoWre is 25
qui ckly chap&eésmlhmyrshaﬁéa, poge,r welt istdn kem@dbbger a&easn ng a

pr el 0ade0 SgrL 00 IS e VEh ST ok dSatird VAN agha' DArkO 80 B
a sharp drop'in pressure occurs at the flat radial
surface 53 of the pisfon 41 in the communicating passage
15 54 in the center of the pistdn 41, and at the slipper
face 45. Impact 10ad1ng and cavitation follow this
pressure transxtion in the form of dynamic

1nstab111t1es.

At this point, the sequence of events differ from
20 that which occurs with orifice or vent 76. Normally,
impact loading and cavitation erosion 4o not occur when
transitioning to a lower pressu:e;_ The problem develops
because the piston 41 slipper 44 assembly'and_the fluid
act as a spring mass system. When the end pressure is
25 quickly changed, as it occurs hére, the result is likened
to releasing a preloaaed spring mass system; the inertia
causes the spting to go beyond its free state dimension.
If the spring mass system is in compression prior to
release, inertia will cause it to extend upon release -
30 past the free state length, momentarily, into a state of |
tension. One or more oscillations may occur before the
system comes to rest. In a hyéraulic environment, this
over extension results in a momentary low'pressure or
possibly a partial vacuum lower than the Pl pressure.
35 Bubble growth and subsequent cavitation bubble collapse



“ .
If the spring mass systemis in conpression prior to release, inertia wll/
cause it to extend upon rel ease 30 past the free state |ength, 3—1(/
ronmentari-ly, into a state of' tension. Ope,gr. nore oscillations may occur >
before the systemcomes to rest. In a hydraulic environment, this over

ext ensi on resul t aren imherent aiu tthph%&hﬁh‘isﬁf POHEd | thé miaatpréeewa
| exier tHan the [é_‘r d)ﬁp ssurfi Bubbl e %rowth and subsequen

caYi ation bubbl &% %@% s 3?8': Hﬁéféﬁﬂ PRILRCE RFcHEATS F eYRERSt ko
fluid pressure umger, tite ddeppso beryi quisklyaprodudiane ¢psieacibn [err],
It does so. very cgy&ég nprodu0| ng cavitation erosion. 5 Fi gure

5 illustrates the erosion and .inpact |oading wear that appears as a -
consequence of this novement. The series of scuff or wear marks 80, 81, 82

i ndi cate ghat the syst | &a S f.ore tate_o
occurs. Egch osci | | atl?;?%?%%u% %fgﬁglgygga% tthggfer%% on aa}T 1'&??‘5% ogﬁmg
the swashpl ate f earorthak fappears Hﬁeal n@n&lelqmarme off ttheis emovementi.fi The

77 elimnates th%ef:qrémtépnse&fenosst h&:'k%WsBéfe g,[ %}% ﬁ?%P&ﬂS“&hgl ng

cavitation erosiogn and al so provides a danpenin Yy preéven
the af orementi onddré Fystem Hb@f-@ﬁss&ﬁetéﬂ-t Ames heferecasbate of

probl e:ns. th-éLGteGhNdﬁ:uﬁs EacthPbSteN1atiBR profdices Wrﬂh‘ﬁééung of
apparatusg at the slipper on the swashplate face or surface 61.

The installation of the vent or orifice 77
eliminates the formation of an extremely low pressure
area preventing cavitation erosion and also provides a
dampening effect thereby preventing the aforementioned

15 oscillations and attendani: adverse wear problems.



Chudes a rotary cylinder_bl ock nmountihg—at—teast one 5 piston for
rocal novenent therein,, port il ate W@ES cooperating with the rotary

imder block to port flui “H‘ ﬂm ond fluid pressures to and
the cylinder block on ﬂmmcm | u!‘ A o

£yl'inder block relative to the
port. plate, the or each piston having a sl.i.pper 10 coupled thereto at one
end thereof for sliding engagenent ﬁ:iéth a swashpl ate and an internal 7 -
passage extending fromone end to™tHe o6ther end thereof to allow fluid fr i
the portcghed®: means to communicate in use through-an opening in the

slipper To the interface between the slipper and 15 the swashpl ate, wherein:
the swashpl ate includes at |east one vent .passage having one end thereof
openi ng B the @ i pistonvasigpeat zotaryrfhydrandiichcappatatifd Bpaking to an

envi ronngnt. | i_ch . ' ' 'S i GrSiddaaet id S nd second
fluid pr&%ﬁ?@%&?ﬁer%‘%ﬁgfgngyﬁo%\}dgf eﬁg%gg ?I‘éS_SI pa‘%é]oﬁtanq?éér%vibgg reduced
caviat ipistonsfor xetiprecalnpevenentctiersifse Bﬁrtt'l"i_él%ngESP!@Was hpl at e
| nterfac ooéera in§" wikRa eHe! Sr€&Py db9l inlierC AigBkl  tosset NELbea
swashpl ate has two“vent passages: 3. An a paratustﬁc ordln%hgo claim

i .

2, wher et thgaten@nshs §8§08dar E1BEdmPERFPYL R (1R e AN FEOM 4T1€ An
S50 °LIEyaenate Biska herouicithe el e ey unen bhaskagesantgecncy, |
vent 30 ¥Rs¥hREe %‘FﬁgP&PFﬁged‘%tﬂ tt?@cgbr?lﬁgorehﬁ&i?‘gteh%t Q%Jpg%gte[ws: (Z)\igr
of the fésepleadthesers atuiohepienss wheredt for\nshppimgtengagemeditng to
claim4 wherein each port . .
with a swashplate and an internal passage extending from
one end to the other end thereof to allow fluid from the
port plate means to communicate in-use_through an opening
in the slipper to the interface between the slipper and
15 the swashplate, wherein the swashplate includes at least
one vent passage having one end thereof opening at the
slipper-swashplate interface and the other end opening to
an environment in which the ambient pressure is less than
the first '‘and second £fluid pressures thereby to allow
20 energy dissipation and provide reduced cavitation erosion
and load impact effects in use at the slipper-swashplate
interface. '
2. An apparatus according to claim 1, wherein the
swashplate has two vent passages}
25 3. An apparatus according to claim 2, wherein the vent
passages are of mutually different sizes.
4. An apparatus according to ¢laim 3, wherein the two
vent passages are each in axial alignment with a
respective port of the port plate, the larger sized vent
30 passage being aligned with the port plate port that is at
the lower of the first and second fluid pressures.
S. An apparatus aécording to'claim 4 wherein each port



+-17- in the port plate is ar cuat e “and” ias an entrance end for initally
porting fluid at the respective fiSiaEofiu “mfraulic pressure-to
fromthe cylinder block on fot ationﬂ““ﬂmu“ 7“ bl ock in the intendeld =
direction 5 of rotation in use, and each vént Spassage is aligned near the
entrance end of its associated pressure plate port. 6. An appar at us
accgrding to claims5, wherein the vent pagsage associated with the port

pikafe port at the higher fluid pressure in use_is aligned closer to the

entrance 10 eridrothe{BOEEr Plaka: dspRncuaks ardihasyap: epasranse &ndcfered
with the port i d£1 PP poRtihge £104Q" ¢ Utke pf:éﬁﬁéée;ivé- £irStPicE Ofedond
roLary B O Il S g dre ) €3° R3CTEDSS e yYibder® BSAR° &8
t he drawi ngs. ¥ pre y
~rotation of the cylinder block in the intended direction
5 of rotation in use, and each vent passage is aligned near
the gnttance end of its associated pressure plate port.
6. ‘An apparatus according to claim 5, wherein the vent
passage associated with the port plate port at the higher
fluid pressure in use is aligned closer to ‘the entrance
10 end of its port plate port than is the vent passage
associated with the port plate port at the lower fluid
pressure. '
7. A piston type rotary pump or motor substantially as
described herein with reference to the drawings.




