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5 TITLE: CLOSED CAVITY PI 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

pi ston and

pi st on body close y pIS onrsTapis

i ncl udes one or nore seal ed hoIIOM/conpartnents

BACKCROUN® WFStTHE TiteENTEOlced pi ston wei ght provi ded

by the hollow conpartnments allow for greater
hydrogPéﬁléQﬁﬁﬁﬁlQﬂnﬁﬁkﬁt%me¢%a§ chesed epyddy pisttem for a

araggaeg% Amunt, of ROPDI 8538 F%gtu.r\/,olawawl%hout

e hydrostatic unit and i mproves volumetric

éﬂW&taEmom arrdhicontrmadn tofors iasha peat eomaneets methed of
i n¢l udes ral tube for |uprication and_an

i st cen

ﬁﬁ?@?ﬁgFHr§BﬂéF%‘% 4xﬁﬁ%&ﬁ% R ERE ePHalSdpHeretet a
?é@gléi’ﬂ RBRingd tHhhi il @b SEoRAStRE BBAYAof the closed
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volume in the hydrostatic unit and improves volumetric
efficiency and control of swash plate moments. The piston
includes a central tube for lubrication and an internal
sphere that contacts an external sphere of a mating slipper.
The piston also 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 retaining 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
geveral cost and technical disadvantages. One method
congists of positioning a holiow 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- 1 -- ------- 5 piece hollow piston with
integral stem and then securing the stemwth a
washer. Next, a welder inertia welds a round sl ug
onto the end of the piston. Finally one drills a hole
through the stemover the length of the piston. This

ﬁ@%@%midw ﬂ@&?fgj W&He{ﬂﬁgéi?SFsLs\é%m‘?}ngtn@ptth Il securing
practical for "10 pistons wt mal | diameters. ot her
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it cansi,sts of jqi,nin iston cap.to a_,piston body. .
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BRbe¥l euFoyiclesHd hathm tdirsr MEhE00eh§rhesE €XRePSis¥®n. This
and can 15 be applied to small dianeter pistons. _
"appfacitie ingamatdadirisgegni preapsiEguprddnps paiagtical for
DeEAR ALRPUNLIIS aiffldAld¥e] v expensive and the
ol Nl ng process requires an additional manufacturing
st ep Bubsbguentethod he rtstribed ethi Unsoobdtegt No.

r ss, Furthernore, .the joinjng pethod 20 introduces
Soatts BR4I SPSdid BRI T Ined BiSEBR ceBcket @

FEsESh BBQyFBﬁ ResmpeRdy iR Biq  hato kP83 to the method
interfere wth nethods used to join the piston onto

previeasl igdssicppded. Bébass evasthadchnt léspreveeraivei and can
B8 Al ILCEL g3 WL, S G, BRLTD cpe
neastHteuring bashipmphec Wdirdietdd b e€hé OBap and body is
nmol ding is that a desirec shape may be created by

T3 hGe 1 NeSEREPE VAL BnAWS DS KN 01T iFeceTh| sedvings an
A0 RS ULISE L BOE R e L9 BB mecas
ingpedt eoth ymoséingoprothes. Furthermore, the joining method
introduces 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 techniques, making hydraulic components with these
techniques has become feasible. The basic process of metal
injection molding is that a desirec shape 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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interior of the product. Metal powder and non-netallic
bi nding material are then injected into the nold and
heated to formthe shape dictated by the nold and the
insert. After renmoving the product fromthe nold,

debi ndi ng of the 35 product occurs. The debi ndi ng
process separates the netallic particles fromthe
non-netal particles. After 2 5 debinding, the product
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to mnimze the amunt "of hydraulic fluid that flows

inoeghoadedosedpreducayiat yiepi stlorsdarsbdyaviey mbetber
obj e th present |nvent|ani
our f abiTgeone: FPed BELIBEY CH0 it b NP ARay Lapantion
tenthrepide ai fewi 8lesbandiard thhe oMo Qﬂﬁﬂwimpf@@égeﬁpon the
obj ect of the present inventionis to provide a 25

t?% ©"@ @8p-that can capture magnetic particles

Presetf o hdr SohYLLLSEAL LU 'rrese\ﬁet‘:t ARANES PP £CL o Ohi nimize
t he present I nvention i1s to
the amount of hydraulic fluld that flows through a closed

cavity piston body.

Yet another cbject of the.present invention 1is 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
method of manufacturing a closed cavity piston that is
inexpensive.

Yet another object of the present invention is to
provide a method of manufacturing a cloged cavity piston

that can be made with great speed and efficiency.
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metal injection nolding process and sintering to

i nprove upon the state of the art. 30 Anot her object
of the present invention is to provide a nethod of
manuf acturing a closed cavity piston that is

i nexpensi ve. Yet another object of the present
invention is to provide a nethod of manufacturing a
cl osed cavity piston 35 that can be made with great

speed aa@ A idH-RNGY .o 8 éhé@ﬁf@§én9bhﬁ9EnQEthQS to provide a
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These and other objects, features, or advantages of the
present invention will become apparent from the

specification and claims.

BRIEF SUMMARY OF THE INVENTION

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 techniques.

"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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are manufactured using netal injection nolding

techni ques. The piston body includes a central holl ow

stem and spherical 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

nmetal lurgically bonds the piston body and end cap

contacting surfaces. The sinterbondi ng process nay

13k iPAeRydHd Nedre DUNRIng! PLET 5B ARENAL oMy Aed

in the processing of the 35 nmetal injection nolding

eonpemangs pricsET ity Biing efhe fcanyanddbptiyonalco contact and
.o sing . time, -Speci,al_fixturing and_.4 5 l.oadin
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pbagess to bring the cap and body into contact and to
ensure a conpl ete bondi ng between the end cap and the
body. 10 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

BRIBPEBELYR TWAMNCIoR e lifefeayi ty piston and end
cap. Fig. 2 is a sectional view of a closed cavity

pi st oFiigand ski ppeersyest iatlongidw nef 2tha tigesed taviby
Fig. 3 is.a Bgrspective view of a netal injection

%%a?ﬂgaﬁgl 8“DESERI PTI ON OF THE PREFERRED EMBODI MENTS
The pregend iBVankeeh At 88 dw ¥ @A OSPYsE@VELYity piston
piston 20 10 for reciprocation in the rotating

T4 | pHEPPer obRken alomadldsieatd drurfitguseich- as a punp

or a or Lg cl.ased cavit iston.10. .
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mdlohigay edobddy 14 that receives end cap 12 at open

end 15. The piston body 14 nmay include tapered 25

surface 16 at the open end 15, an end with a spherica

DESCRIPTION OF THE 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 portion 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 procesg. End

cap 12 alsc has an opening 23 that aligns with hollow stem
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cavity 18, and a hollow stem 20. The tapered surface
16 is wused to align the end cap 12 and the body 14
together and to naxim 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 nade as

508 rbYR i SSTRONGRS: A drLegriat e P ]
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path through the piston. Opening 23 and stem 20 have
BRFREE pEnBrRTrApSe P hdthaerdirgaires2 Ta¥ ahdockp umed for
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FERY peSwashetdHet beRtbh Jhte itRd Lafnddefi #HB fhet Block bore.
ensure that contaim nates do not cone between the

pi st obt oslhendd dilapeber appdadiatsddhdfortn 4n shoekdative

p iated that .in _an,alternative 15 .
MERBPPERE Bh8°sal" 12 2a R Rt Covee Fjp tha
dtaimi s | the e§ebhetgeerebriteedetimerncidec-ghdiagnd2the body
and the body 14 to create a matingly fit to enhance _
Ihditierbondi RgtipPoresddt Figenhagimmsthe ofbakerbonding

' of a closed cavity piston 20 10 that can be

manuf act ured using metal injection nolding and
si nt @ipnd? nghawms eadceapsl2ett ibhe diody dosddiecpvstpnpiston

19Pg é:%%st aca“f’rll ! k?g erglai%gf gg%&%gg' Yxs?_tntc_:ja(r:n%%%lt oirgjheecip Jj.gzg orrr:élding
and sinterbonding an end cap 12 to the body 14. The piston
10 has a slipper 26 pivotably attached to the piston. The
glipper 26 can include a portion of a gpherical 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 spherical 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 fluidly
connects with hollow stem 20.

The hollow stem 20 extends longitudinally throughout
the entire body 14. Closed cavity piston 10 also has one or
more 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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slipper 26 can include a portion of a spherical bal
that engages a ball socket recess in the piston body
14, or one 25 skilled in the art will appreciate that
the slipper 26 could be equipped with a ball socket
recess and the matingi 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
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hol | ownc eppantaiRIT% 34 MWd broddss beEY B4ay324Fhad he end
shows a typical netal injection nold 60. Tﬁe nmol d 60
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Interior o ston e’en
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2..1n e manufacturin ocess the body 14 and the
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SeParahel Y518rmenuf aelubed gy 2 MeFRb & PEEET I PRe only
mol di ng process. Next the body 14 is sintered to ?orm
fhelidropeterethel pésbondilfig hasDurd rghtdush prlve espening 23,
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the rest of the piston 10 is plugged. |t should also
WY Sfpr i B LAl pHatcpRBAGYE SOl ithd aused Finydiaghining of the

1RO P H 10 Gh s LEABILAYES deliilh@d T aihe MRAN [ ect
of the g?ntered plstonyassengl 'S reqU|f% . g PQJECtlon
meatdaing rprett $ omt e nbbud hggapdosentsersberidiowy fFOcesteste
%gowf r a more . .
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 various 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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20 efficient and cost effective process for creating a
closed cavity piston. Thus all of the objects of the
present invention have been acconplished. It will be
appreci ated by those skilled in the art that other
various nodifications could be nade to the device 25
W t hout departing fromthe spirit and scope of this
invention. Al such nodifications and changes f al

whibi B s e iseRPpg of the clainms are intended to be
covered thereby. 7 5 What is clained is: 1. A closed

éaviﬂyCQDﬂﬁﬂwqaﬂﬁﬂHsﬂiﬁyomun@mpngaiag cylindricm

d i fir.st. end receive
KRR e BB 18Pt SarharRy 2nd Bapred o
el ong&beélh@ low1agRar t eniecdid aehal eahanatt udibre! ke

di sposed t hrough _the elongated [indri cal body; an
end caprgétifddaldd vt s &@fb@m peMBRERGENEd

r n
O bR P RO p2Nd Y S RSP 1608 e
of clayhnmdwheaélboﬁbe el ongat ed cyllndrlcal body is
created usin ection_ nol roce
SR G erB BoBaB: T op it PRt i 10 bhEhe, ALoRa-ERd
cap bgl sequl edl1t Bolihe aelongatied Csvléé}%f&ﬁ' oﬁeﬁyngythat
sinterbonding the end cap to the body. 4. The cl osed

cavi t§l pgBEoNiER Ehai kokewher ein the openi ng 25 of
the end cap is circular. 5. The closed cavity piston
of claim6 wherein the perinmeter of the circular
Dperiig cbosedpoadstiyoptiB@on 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 6 wherein the

perimeter of the circular opening corresponds to the

perimeter of the bore.

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

is a washer.

7. The closed cavity piston of claim 1 wherein the closed

cavity piston is a male piston.
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perimeter of the bore. 30 6. The closed cavity piston
of claim1l wherein the end cap is a washer. 7. The

cl osed cavity piston of claiml1 wherein the closed 35
cavity piston is a male piston. 8 5 8. The cl osed
cavity piston of claim1l wherein the closed cavity
piston is a female piston. 9. The cl osed cavity piston
of claim1l wherein the end cap is nmade of magnetic
gt eril c1theld o (';tg%st%n”@ﬁ“éi‘gﬁrﬁr hNG12-Ei058%e closed
cavity piston steps c rising: nmetal injection

relvdicyg pds telmonigatedayiadrisabnbody having a first

end adapted to receive a slipper, a second end, 15

and at | east one longitudinally elongated holl ow
oonpahemeNbisediAti et o &Pl d188gmal GREre3R the end cap
having a central opening; sinterbonding the end cap

i8 mﬁ%eepéngmt@w inedre %l body. 20 11. The nethod

of claim 10 wherein the end cap has a tapered surface

that matingly engages the second end of the el ongated

t9l i Admethbdbody namudiadturime $idtesdbandagcof pikhen steps
end cag.to the el ongated cylindrical body. 25 12. The
FEHDE"OPIEl ai m 10 wherein the end cap has a lip that

B¢ 4 D04 ¥ 8PE288S mbh e i '
cyIindri%aI body to%gﬁgﬁ?ﬁﬁfﬁgﬁgﬁﬁ?%$Sgﬁ%?ﬁ%ﬁ%?Q%hgody having
end capfirstt hadehrdagpitedd toyldawivala beliyppdr, a second end,

and at least one longitudinally elongated hollow
compartment ;
metal injection molding an end cap having a central opening;

sinterbonding the end cap to the elongated cylindrical body.

11. The method of claim 10 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 c¢ylindrical body.

12. The method of claim 10 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.



