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5 TITLE: CLOSED CAVI TY Pl STON FOR HYDROSTATI C POAER
UNI TS AND METHOD OF MANUFACTURI NG THE SAME BACKGROUND
OF THE I NVENTION This invention relates to a cl osed
cavity piston for a 10 hydrostatic power unit. More

specifically and without Ilimtation, this invention
relates to a new nethod of nmanufacturing a cl osed
cavity piston by using netal injection nolding

techniques_to formthe body of the closed_ cavit
T andHORED GARaThaIRIo F0ReAt HELS T Lh CHER
pi st on bod{ITA MBS &FTERN PSSR GTIRE NG diHEn SPlAt

i ncl udes one or nore seal ed holl ow conpartnents

%%f%ﬁ%?@ﬂﬁﬂdy sten g Trogduced pi ston wei ght provided

_ ow conpartnents allow for greater
hydr a$tiat iicvehafitors pedds eswher @as lidve 2@ asliaye ipitsthofor a

end reduces the anouynt of conpressed oil. volune (n
qﬁa;q%ﬁﬁFd§i§FW@IUHPHtandM°ﬁ§r§P€§ JCaetr ped without

18641 Gic8ReY, @M ARk 18h $wash R 2L MR chile of
pi ston includes a central tube for lubrication and an

memtéreauringher ¢ loiset conNtant piamcaxber nalingphetelof a
iggtbggo l%%ﬂ%&h Z%eg %i%légo@oa%%%mh% eeé%ggiq?oFHanlosed

ormabl e regi on near €~ pirston spher
chire tpi piefocpntadt hkesl sppeerbehdangdahoemdblapr @i 6he
near the slipper sphere for retaining the slipper to

PERECRI 8P -dependi ng on whether the piston is male or
fe”aheclggeﬁhgé%iﬁygﬁgg Sha:jisnﬁt EQQ%QEOEh%nEB%SPHE%nQne or

closed cavity pis or hydroStatic units,
mblreseeagthotiolhawe coppuetabntestwishdnt ebknpdcakon. The

-yRRcieniagey, Q0o eLhod, Jeans oL ool RO L SnLId R
at hewt abe %@ehﬁ@rph§ﬁgﬂsEQ@YCW&thEngp@éd§§ fBE@ecas the
c%@gggr;iétgh gﬁgeggdagggaLLg ggéﬂgsno%hgoggiggsgglLi?f
volume in the hydrostatic unit and improves volumetric
efficiency and control of swash plate moments. The ?iston
includes a central tube for lubrication and an internal
sphere that contacts an external sphere of a mating slipper.
The piston alsc has either a deformable region near the
piston sphere for joining the piston onto the slipper, or a
deformable region near the slipper sphere for retaihing the
slipper to the piston depending on whether the piSton is
male or female. | '

There are several methods for manufacturing closed
caVity pistons for hydrostatic units, but these methods have
several cost and technical disadvantages. One method
consists of positioning a hollow tube within a hollow piston
body and attaching the tube to the piston body with one or
more washers that extend radially between the outer wall of |

the tube and the inner wall of the piston body. The steps

of this method include machining bar stock to create a one-
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the tube and the inner wall of the piston body. The
steps of this nmethod include machining bar stock to
create a one 5 piece hollow piston with integral stem
and then securing the stemw th a washer. Next, a

wel der inertia welds a round slug onto the end of the
piston. Finally one drills a hole through the stem

~over the length of the piston. This nanufacturing

et h er ensi yve .and no ractica
Ao S EAHT: ot el s Ao Bl eeod 4eg. Securing
ﬂ@gﬂeb@%ﬂt'h U Sadfalent m¥er, & Jr4R64 iRty weldg a

consists of joining a piston cap to a piston body

y
neeing g uer dtazithg. egohpdr ddiet pitshernefHoal lpr evicodstiy}ls a
aacrhbeded Nha, TRUiod s hegs jexpensive ad can old bens.
applie 1o I“anet er plstons h&

mammﬂamﬂunmn@gneq%bmn&@tv@&que&@@nbaweoaﬁdth@tC@ﬁaamdcal for
body is relatively expenS|ve and the joining process

H%ﬁiﬁnﬁeﬁlgﬁ Hddi't FREF tRERuf act uring step subsequent
to theJreial me%%b%?&boaeEEE ag RLOGLSS . pgeghheﬁgofe

the joining nethod 20 introduces additional radial
6aBﬂ§nﬁéﬁta@étw@eﬁonbespsspdnjos@ahgtacemsepnandpthe a

pi b center..that could. interfere w.t hods
oBeBa™ 5o Y. He B BBoRToREB-ERE " nGPIRGTER fRoFre mathod
pBeea@aglgfdée@@mbednptﬁygnmatﬁoan1§enabslekgéhgeae 348d can
mol di ng techni ques, nmaking hydraulic conponents w th
bﬁhégellﬁécﬁﬁuame%lhdéaméésﬁepﬂéﬁ§nﬁle Sthélpashe
c ding t e e ;

oS8R Sl b LA URLCLDR b2t BB, BelloBh oy 1o
rblecksedf EKbdnsIhESaﬁdrﬂhetbelnmugeprSUéﬁaCEeqﬁlthe an

roduct hat i to be produced._ 30 Metallic nol
aPALE? PBaL hEROHE §CehET LB eﬁFsal§UE§§auFBFnF?hEhe.Wﬁéﬁﬂor

1ﬁﬁebh§oﬁrﬁgwﬁﬁngwgkébeQQ“UeFu§EHe9ﬁ8r€Etéhb'501Qhﬂ 'ﬂgthod

material are then injected into the nold and heate
introcduces additional radial alignment between the piston
socket center and the piston body center that could
interfere with methods used to join the piston onto the
mating slipper.

Because of recent improvements in metal injection

molding techniquesg, making hydraulic components with these

techniques has become feasible. The basic process of metal

injection molding is that a desirec shépe may be created by

_carving the shape into two blocks of mold. This forms the

outer surface of the product that is to be produced.
Metallic mold inserts that may be repeatedly used form the
interior of the product. Metal powder and non-metallic
binding material are then injected into the mold and heated
to form the shape dictated by the mold and the insert.
After removing the product from the mold, debinding of the

‘product occurs. The debinding process separates the

metallic particles from the non-metal particles. After
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to formthe shape dictated by the nold and the insert.
After renoving the product fromthe nold, debinding of
the 35 product occurs. The debi nding process separates
the netallic particles fromthe non-netal particles.
After 2 5 debinding, the product is sintered.
Sintering is a process by which the netallic powder
may be formed into a coherent nass without nelting

e npterial. The sane sinterin praocess may he used
BT i R Tort Gt G B Rone ALt S oraét Brocess
oy tlhieac hk het hreita1Thics doiddimeafetRogdor@kedldnto a coherent
“sinterbondi ng" proceSs, is superior to conventiona
MASRSh S hovgr medidingi geneedleriinlect Ths megegintering

e C t her. th result in r nd

SRR R R BERE, B IR EER e e ol BRRL cEr B et
imnloded scanpdréntachhathatre ghAakerbanded metpeajuee a
Jew closed cavity piston., 15 Thus, it is a primary
GHPECE ORI RE " pPESERESI NI ENEMBRT1PE pPovraNeaRtASHAl methods
FRh0SRHLE AY kY mBk 8108 njRRL 1 bAPHBY 88 dURBRObAEN L Bt BEEa0Ee
the art. Another object of the present Tnvention is to
ofheirmingshotliye rasudnt iof phpdr bohidc stirahgthhat Theowsesent

th h | osed. 20.cavi i st dy. Yet
s ERUID, Rk ALY oR. B PRR Mgt REp2A°LREE e
ssutkabengeanmedr pesdheewaeneivhelebegedacayist yibedy. and

end cap to aid sinte(bonding,the two together. Another
obj e€fU8F iLhelfrasbrimpivenbieati eft bhproypaens ipgention
L G.end p c capt yt g LC .cle
O Be Skt BT a e e d PR LR P Gs RNk o1 RBEPLE Gpon che
stheeppésehe anvention is to use a netal injection

nol di n roce and sintering to inprove, upon the
StaténgFg?ﬁeo§§§gt o% tge pr&sent 1 ventionpgs to minimize
the amount of hydraulic fluid that flows through a closed

cavity piston body.

_ Yet another object of the present invention is to
optimize surface geometries between the closed cavity body
and end cap to aid sinterbonding the two together.

Another object of the present invention is to provide a

magnetic end cap that can capture magnetic particles present

- in a hydrostatic unit.

Yet another object of the present invention is to use a

metal injection molding process and sintering to improve

upon the state of the art.

Another object of the present invention is to provide a

inexpensive.
Yet another object of the present invention is to
provide a method of manufacturing a closed cavity piston

that can be made with great speed and efficiency.
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30 Anot her object of the present invention is to
provide a nethod of manufacturing a closed cavity
piston that is inexpensive. Yet another object of the
present invention is to provide a nethod of
manufacturing a closed cavity piston 35 that can be
made with great speed and efficiency. 3 5 Another

obj ect of the present invention is to provide a

met hod of manuf.act uri a closed cavity pistaon usin _
et aP G RHE TroIh (g G FOFMal IYGPitg 15 to Provide a

RN IH Snantila ANALRMY HORI1EOaNe PHESR¥N using metal
invention is to provide a nethod for “sinterbonding

it ing @etled nebltdi dprm @ldbjodctdiet cgapioments -f orm a

cl os cayvi I stan. her ' of, the, present
inve%%to%\ﬁlotstﬁegj %ﬁo v|c(§:%§t tm(eet %%I&% I&F r%ﬁl%’l? gétolﬁlr ilr?g 8
ralcosielt- @aviettyhclide falre siingeedonidahg Hetial 2e9 ecadidamolding
m_.sal i gnnment between the piston socket center and the
CCBREES SPIFRERIt® PrSTOR BAFSI15aYeEYaRERER - obj ect

of tﬁ%oﬁh%§e%%jb%%e%E'Q%e'?r%%enErQMbgﬁfﬁohoﬁ%'Eg provide a

techni que that "'requires, at nost, no I cation of "the
meitbeds 0 abneddy tewphoyedcilpsedecartisly fempéet péston that

l.di. . _These and ot her objects, features, . or
IR iRk a5eaY, ni 53 taREnt BRLy Rk Ehe, ph ERbHL Rt
cappateahdf eam thatespeei theainhon phdtehabpey . BRI EF

SUMVARY OF THE | NVENTI ON The present invention is a
cl osé8tcabrthepi sPdrclestghhe2Brergnt canvbation is to
1fact ur knex ' . Lgn_.c LSts
R R - S T
mpdnbfiagt uprdofisthg pebakstagealroadpokaphgytdchni gHiesmetal
. The ELston ?ggxgincludes a central holl ow stem and

lg%ﬁg ]183| mo process.

These and other objects, features, or advantages of the
present invention will become apparent from the

specification and claims.

BRIEF SUMMARY QF THE INVENTIOCN

The present invention is a closed cavity piston design
that can be manufactured inexpensively. The new design
consists of a piston body and an end cap. Both components

are manufactured using metal injection molding téchniques.

The piston body includes a central hollow stem and spherical

socket that are integral to the rest of the piston body.
The end cap is joined to the piston body using a
sinterbonding process that metallurgically bonds the piston
body and end cap contacting surfaces.

The sinterbonding process may take place during the
normal sintering operation used in the processing of the
metal injection molding components, requiring little,.if

any, additional processing time. Special fixturing and
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socket that are integral to the rest of the piston
body. 30 The end cap is joined to the piston body
using a sinterbonding process that netallurgically
bonds the piston body and end cap contacting
surfaces. The sinterbonding process nmay take place
during the normal sintering operation used in the
processing of the 35 netal injection nolding

conpaonent s, .requiri.n ittle, if a .addi tiaon

LSPSEEss TR tﬁ%ﬁ%GQ§i§%dgﬁuﬁﬁ%ﬁuF%ﬁg%é#&n%&ng P gﬁ?ﬁg

iR e nce gt dwo Bg ke taebicagi Badandder insontehitBgt and
process to bring the cap and body into contact and to

teh nEaire @orﬁﬂﬂ@ﬁ@t@o#@M%@eh%@ﬁeﬁméh@n@n@aﬁa@nanﬂhéhe
hgggy. 10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

perspective view of the closed cavity piston and end
cap. Fig. 2 is a sectional view of a closed cavity

[ | k | [ 2 in fi 1. 15
Bt DeeER ea ol B e BrdlBRea netal 1nj eati on
ol divagy Mol d.s BESCRUBELENEF+THG BREEREREDLEVECDLYENFS

The present invention relates to a closed cavity
pPaseanangoend £8P reci procation in the rotating

[i | gk _of . .at i it h . .
y '@q r 9 9%i8?5fggﬁ8égig§3%ﬁl8fuglglogéa cg%lgyggggton

C
or a motor. 0Seéd cavi prston

ahavedgpaprendkeapaldngClosed2casi Eygupeston 10 has an
el ongated body 14 that receives end cap 12_ at open
end 59'Tﬁelﬁi§tBﬁr5889tiﬁenﬁ?eWnEﬁuﬁemﬁéﬁéréHJQStlon

mouhfagemdfqat the open end 15, an end with a spherica
cavity 18, and a holl ow stem 20. The tapered surface
16 is wused to align the end cap 12 and the body 14

pE8ORLBELoRANdF fur PREFERRED EMBODIMENTS

The present invention relates to a closed cavity piston
10 for reciprocation in the rotating cylinder block of a
hydrostatic unit, such as a pump or a motor. Fig. 1 shows a
closed cavity piston 10 having an end cap 12. Closed cavity
piston 10 has an elongated body 14 that receives end cap 12
at open end 15. The piston body 14 may include tapered
surface 16 at the open end 15, an end with a spherical
cavity 18, and a hollow stem 20. The tapered surface 16 is
used to align the end cap 12 and the body 14 together and to
maximize the contact area between the two parts during the
sinterbonding process, resulting in a.more robust joint.
The tapered surface 16 and tapered lip pdrtion 22 of end cap
12 may differ slightly to ensure that complete contact is
made as the two components are integrated. The tapered lip
22 and tapered surface 16 may be integrated either by
mechanical means external to the parts, or through the
formation of the parts during the sintering prcocess. End

cap 12 also has an opening 23 that aligns with hollow stem
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maxi m ze the contact area between the two parts during
the sinterbonding process, resulting in a nore robust
joint. 30 The tapered surface 16 and tapered lip
portion 22 of end cap 12 may differ slightly to
ensure that conplete contact is mnade as the two
conponents are integrated. The tapered lip 22 and
tapered surface 16 nay be integrated either by

ani.cal ans .external to the parts, or .through the,
TR o Lophins st 30 (G LRg S Bipag- - Obening
P QR St 0 CRRel22hearbadial eReRRY 23tiRat surfaces.
aligns with holl ow stem g 5 20 formng a lubrication
pat h Ther qugh cielpe 131 gByn cogsamitngt 23 magdestenmalelfave to
<agrtespondng.itapered MR kg surfaces, JThe end.capsiz

y consi st of a magnétic material " t0 ~capture

maomegicn atrtepawittikisn ofthe hby éhdstabl ¢2umiat. aTBe be used for

netic properties of the end cap 12 nmay al so be used
Ogggri@u6pﬁéﬁspuﬁp83es?eP?éPQ §ERsPRILRETPBEFAL MBR1gRJCE the

pIRELEN Oiskher Bi fh8RetWsee0h @aEHQEGEEESSnQ ¢8Ruction in
requires a reduction in the end cap 12 dianmeter to
tbgsend that leodtiamehaeresodensutre tbat bentewmnnthes do not

I ston, outsi di aneter and.the .bl ock bore. shoul
<BrE, BReosh: EBeapaitoRap iR 1aR afpBRfar 680 the"BI8CH vore,
embodimeRbullBea€B8 BapapBreéanahave:8anonnt apesedethhrive
that . optimzes the geonetries between the end cap 12
cgRadipensoliye endt gakr bat 628 Ravengl yonrtaperedhanpethat

e n cQge : s Cr9s

B e S e e e
lémhof aceatedausehdngiiabitnfecénbanosl dhagsiandrbonding

si nterbondi ng an end cap 12 to the body 14. The piston
PEBCRES a slipper 26 pivotably attached to the piston.

The pshi ppeEndhis CaNcLHsk Ude-2;BR" bEOR @igéeépegﬁigflpiston
ball that engages a ball socket recess in the piston
1@oﬁ§a14ga@rb@n@anufactured using metal injection molding
and sinterbonding an end cap 12 to the body 14. The piston
10 has a slipper 26 pivotably attached to the piston. The
slipper 26 can include a portion of a spherical ball that
engages a ball socket recess in the piston body 14, or one
skilled in the art will appreciate that the slipper 26 could

be equipped with a ball socket recess and the mating surface

would be formed as a portion of a gpherical ball in the

piston. Fig. 2 shows a piston that has a ball socket recess

28 that mates with a ball socket 30 that is on the slipper
26. Slipper 26 also has a fluid passageway'32 that fluidiy
connects with hollow stem 20,

The hollow gtem 20 extends longitudinally throughout
the entire body 14. Closed cavity piston 10 alsoc has one or
ﬁore.hollow_compartments 34 within its body 14.

Fig. 3 shows a typical metal injection mold 60. The

mold 60 shapes the outer surface of the piston body 14 while
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26 could be equipped with a ball socket recess and

the mating surface would be forned as a portion of a
spherical ball in the piston. Fig. 2 shows a piston

that has a ball socket recess 28 that nmates with a

bal | socket 30 that is on the slipper 30 26. Slipper

26 also has a fluid passageway 32 that fluidly

connects with holl ow stem 20. The hol | pw st 20 .

B CAREEY g dAPRaPPy i O6GHGEE LonaPeRE! FeSholySFA0T of
tHe0$AG LAY iy P At oNTHG @hs0 cBas 10Nes0kreAPER RAl hOWinilar
conpartnents 34 within its body 14. 35 Fig. 3 shows a
molst 8l tketakherpecthencergdl ¢28012The nold 60 shapes

t he qut S : [ b Lle n
inse? ?@Fe%%ﬁg%ggﬁ%ﬁkggigkﬁéggstgﬁéh%ég$? é Fﬁ?e?P%reHd
capp 1thefpitatonlbedy td4vithepésdonapoliarkssepaabedliyn a
sim.l ar ld 60 that shapes .the end cap.12. In the
TRERGPREVEF nﬁstacés@eFﬁi BBdFCEACRNEOL HENENBTOEGHS 12 Next
t@k bbeyCchased cautbyell sbORoI Bhe $8BREALREYalPic bonding.
manuf actured using a nmetal injection nolding process.
DNeing thesbpdpcedsi snsentersd 18 forainherbonged to the

talli,c.bondipng. _During,this. process_ap end 12
PEha e BoRie i oPERE R oBBAY ehh - SeTBr=Ehathr EBR Bty
fldidTbaeekoer ehet pesobhyrof hakdiguthebughetBéSépanifyg 23,
.has i's through the opening 23, 15 insuring the rest of
1RAETHPEt bRe16ess plugbedPifrtoshdtl 85 mldegpeé. It should

aigersg!9559e§g§£e&693ﬁ§¢b8£aﬁ$8 8?2t? JBLals metal

injection nolding techniques Titt any machi ni ng
infetheonsinni@ied peshongassehbtylesif eguyredchTheng of the
nol d ,and sinterbon

netal i.njection | ng i Nng processes
S LRt ORP R P 5 Hor 2o DBRHT | 5 CHETARESCost T RF (BEEA pert) sction
mBL QLR Sah@f s £ €AEHHII Bn§| 9568 sE8Y I L Y1 M SEQR. 2 TS al |

of the objects of the present
efficient and cost effective process for creating a closed
cavity piston. Thus all of the objects of the present
invention have been accomplished.

It will be appreciated by those skilled in the art that

other wvarious modifications could be made to the device

without departing from the spirit and scope of this

invention. All such modifications and changes fall within

the scope of the claims are intended to be covered thereby.
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i nventi on have been acconplished. It will be

appreci ated by those skilled in the art that other
various nodifications could be made to the device 25
wi t hout departing fromthe spirit and scope of this
invention. Al such nodifications and changes f al
wthin the scope of the clains are intended to be

whSovere thﬁ%ﬁby._ 7 What is clainmed is: 1. A closed
ehvi T yCHESh Sonpri sing: an el ongated cylindri cal

1.body dBdd cdailthslpietdbradapied sigg.recei ve a slipper,
a second end, and at | east one 5 longitudinally

an e berga el il iswdstadalodenhavangore fiivati endi addpyed to
di s t I ted cylindrical body: an
end Sogth o MY & SITRE endl or il afe ehet e
cyl lolyiitoali deddyy andr@tiodg haldent cahpapeneng; t hat 10
aligns with the bore;, and wherein the end. cap is_nade

a Rt jradimadrlivadisposere thresgh EROI BjoRIRERH of

cl alymibhmherai poRe elongated cylindrical body is
created using a netal 15 injection nolding process.

an Fnd e lsesadashvia rhsi seerndf eolap thehetengetdd end
cap.. qi. ecured to th | ongated cylindrical. bo
1RO A DRt B PP 00! RecBblyt 0ot

si nterbondaing
cl cSadmeawiity phst @aref ghaim 1 wherein the opening
of the_end cap is circular. 5. The closed cavity

whepelmh thst eaidaicis ifh8peenofhBagpstherpaeeetabf the
circul ar opening corresponds to the perineter of the

bor e.
2. The closed cavity piston of claim 1 wherein the

elongated cylindrical body is created using a metal

injection molding process.

3. The closed cavity piston of claim 1 wherein the end cap
is secured to the elongated cylindrical body by
sinterbonding the end cap to the body.

4, The closed cavity piston of claim 1 wherein the opening

of the end cap is circular.

5. The closed cavity piston of claim 4 wherein the
perimeter of the circular opening corresponds to the

perimeter of the bore.

6. The closed cavity piston of claim 1 wherein the end cap

is a washer.



10

15

20

6. The closed cavity piston of claim1l wherein the end
cap is a washer. 30 8 7. The cl osed cavity piston of
claim1 wherein the closed cavity piston is a fenale
pi ston. 8. A nethod of manufacturing a closed cavity
pi ston steps 5 conprising: netal injection nolding an
el ongated cylindrical body having a first end adapted

t ' ' . d end t.] t
7| ot G T m B RO R o Phehtin 8 gl Gyea
cavhfegristomuldianFeamlengdicapnhavi ng a central opening;

sinterbonding the end cap to the elongated cylindrica
body. 9. The nethod of claim8 wherein the end cap

8. hasy andapst efF S fRce LI aakhagéa Sgaggfg%gy n steps

second end of the elongated 15 cylindric to al
compr g1t nt er bondi ng of the end cap to the el ongated

indrical body...10. The._met hod_of ¢l aim 8 wherei :
nefl T 57, P CoaE gy bAOBYeRL (R Paving
secord red col bldapekangat edceyvendréTabpe?0 HaBeddl end,

aid in the sinterbonding of the end cap to the
el GRYhed 1&PSitnghEc aPngddydinally elongated hollow

compartment;
metal injection molding an end cap having a central opening;

sinterbonding the end cap to the elongated cylindrical body.

9. The method of claim 8 wherein the end cap has a tapered
surface that matingly engages the second end of the elongated
cylindrical body to aid in the sinterbonding of the end cap

to the elongated cylindrical body.

10. The method of claim 8 wherein the end cap has a lip that
matingly engages the second end of the elongated cylindrical
body to aid in the sinterbonding of the end cap to the
elongated cylindrical body .



