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(57) Abregée/Abstract:

A one-plece piston assembly Including a frusto-conical piston is secured to a crankshaft ring via a joint or waist member.
Preferably the joint or waist member is frusto-conically shaped as well. Additionally, the piston and joint member preferably are
hollow.
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QESTBACT-OF THE DISCLOSURE
A one-piece pistbn assembly inqluding a:f:ustoe
COnical piston is securedto-a crankshaft_ringviaa
joint,br waist member. Preferably the:joint or‘waist
membef is frusto-conically shaped'aS]welle : '
Additionally, the piston_and joint menber préferably 

are hollow.' 
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SPECIFICATION
 TITLE: |
"CONICAL ROD PISTON"

BACKGROUND OF THE INVENTION

.The present'inventiongeherally relates te”'
pistens. More spe01flca11y, the 1nventlon relates to
wobble—type piston and rod assemblleS'whereln the'
plston is statlcally flxeghto the'plston rod. N

Wobble-type plston and rod assemblles are old and |
well-known in the art. 'ihese assemblles are
extensively employedin'airecompressorsanddiaphragm
pumps. * o ' '

One problemlaSSociated‘With such assembiies-is
the dlstrlbutlon of stress and straln forces along the
connectlon between the plston and the rod.. The-rod-

and pliston generally are connected together at a jOlntf”'

hav1ng T-shaped Cross sectlons.. As the rod

'fre01procates, 1t exerts angular stresses at the jOlnt

 and may cause weakenlng of the jOlnt and unacceptable.-

flex1ng of the assembled parts.'-'a’ .
o SUMMARY OF THE INVENTION |

The present 1nvent10n prOV1des an. 1mproved

," _wobb1e—type plston and rod assembly The assembly

1ncludes a frusto-conlcal or infundlbularly shaped

plston that is capable of w1thstanding non—axial
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stress and strain forces induced by reciprocation of

the crankshaft ring.

To these ends, in an embodiment, the invention
provides a crankshaft ring and a subetantially
conically or infundibularly shaped piston, an apex of
which is attached tolthe ring. o

In another embodiment, the-invention-provides‘an
infundibularly or conically-shaped«piston attaChedfto
a crankshaft ring by means of a'piSton rod formed as a
plurality of axial ribs, the ribs‘flaring outwardly
from the apex of the piston to the ring.

In another embodiment, the invention providee a
conically-shaped piston attached to a crankshaft ring
by means of a plston rod formed as a flattened beam -
with two rlbs/flns that flare outwardly W1th1n the  '
plane of the beam.

In an embodlment -the inVention-prOVides
unitary piston assembly comprlslng a crankshaft'rlng,.

a frusto~conlcally shaped piston, and a frustom

'conlcally.shaped waist of.301nt member connectlng the:

piston_to-the;crankshaft ring.
‘ In'an'embodiment,.the.frustoaeenically shaped
piston is hollow. . N ' .
In.another embodlment the frusto~conlcally

shaped walst or 301nt member 1s hollow.. 



10

15

20

25

CA 02058308 2000-12-13

64181-68
- 3 -

A broad aspect of the invention provides a unitary
piston assembly comprising: a crankshaft ring molded about a
bearing; a piston formed by a hollow infundibular body that
diverges outwardly from an apex at one end and to an outturned
annular lip at 1ts other end that defines the piston head outer
diameter; and a joint member that integrally joins the apex of

the piston body to the c¢rankshaft ring.

In one embodiment, the piston body, joint member, cap

member and crankshaft ring are formed of plastic.

An advantage of the 1nvention 1s an improved wobble-
type piston and rod assembly that i1s better able to withstand
non-axial stresses and strains exerted at the joint joining the

piston to the assembly.

Another advantage of the invention is the provision
of a unitary wobble-type piliston and rod assembly that 1is easily

formable as a unitary body.

These and other advantages and embodiments will
become more apparent below 1n the detailed description of the

presently preferred embodiments and accompanylng drawlngs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of an infundibular

piston and rod assembly embodying principles of the invention.

FIG. 2 1s a perspective view of a modified version of

the infundibular piston and rod assembly of Figure 1.

FIG. 3 1s a cross-sectional view of a conical rod and

piston assembly embodying further principles of the invention.

FIG. 4 1s a sectional view of a manifold with a

downwardly extending cylinder and an elevational view
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of the invention.

FIG. 5 is an exploded view of the piston assembly

of FIG. 4.

FIG. 6 is a sectional view ofthepistonaseembly
of FIG. 4 generally taken along the 11ne‘VIHVI. .
DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS '
For the purposes of this descrlptlon and.for the
appended claims, it is to be understood that the term
conical, when used with'reference'to'a-piston}
includes'both solid conical shapes as Well*as; 
infuhdibuler'(hollow cone or funnel) shapesfﬁhless
speeifically stated otherwise It can be appre01ated

that an 1nfund1bular shape is preferred because of its |

-lesser welght-and/or mass. A frusto~conlca1.shape is

- a shape deflned by a cone lntersected by two planesif

thereby cuttlng off the actual apex of the cone pad
prov1d1ng a pseudo flat apex,'"apex" therefore meanlng ‘
the top of the narrow end of ‘the frustowconlcal shape. -

A plston and rod assembly 10 embodylng prlnCAples R

of the 1nventlon 1s 111ustrated in Flgures 1 and 2.

'The assembly 10 1ncludes a crankshaft rlng 12 and a

conical combined piston end.plston.rod 14. In,FIG.-lgef
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the assembly 10 is illustrated in conjunctioa with a
diaphragm‘pump 16, .

As illustrated in cross-section in FIG. 1, the
conically shaped plston 14 has a-V~shape and the apex
18 1s joined to the crankshaft ring 12 by means of a
jOlnt 20. _The point at which the-jolnt.zo meets,the.
apex can also be considered.a waistfeection;. The
joint 20 comprises a relatively thicker regien’that
may, as illustrated in modified version in'FIG.'z, or
may not include reinforcing ribezz.Ineither event,
the joint 20 has a substantially conical profileithat‘
flares outwardly from the apex to the-ring 12F' '

As illustrated in FIG. l, the pistoh rod aSSembly

10 is adapted-for use in a diaphragm>pump 16 that'._

includes a manifold 30 haV1ng intake and output _

- chamber 32 and 34, respectlvely '.A dlaphragm 36 is

p081tloned below reed valve openlngs 38 and 40 to

.create a pumplng chamber 42. The dlaphragm 36 15-

approprlately attached to a cyllnder 44 so as to seal

.the pumplng chamber 42.

The plston 14 1ncludes a radlal flange 46 that  . .

provides support to the underside of the dlaphragm 36._f 

'It can be appre01ated that re01procatlon of the plston

_W1ll cause flex1ng of the dlaphragm 36 whlch 1n turn'

provides the,:equlslte pumplng_actlon,-  |



10

15

20

25

The diaphragm 36 is secured to piston 14 by means
of a retainer plate 47. This plate may be secured to
piston 14 by means of ultrasonic welding or.other
conventional means, i.e., threaded, screwéd, bonded,
étc. .

It can also be appreciated that,bebause the
piston 14 1is a‘wobble tYpe piston and.does:not
reciprocate along a linear path, asthepistOn 14 1is
caused to reciprocate, stress and stréin forces.are
exerted at angles to the axis of the conical piston 14
as well as along the axis of the coné. Thesefdrces
vary as the piston 14 is caused to tilt back.and_forth
as it reciprocates in wobble fashion; |

- Due to the cohical shape of the piston 14, the
wall 24 of thepiston 14 is capable of,reactihg‘to the
angular forCeS.'.Thé slope of the wall 24 aligns the ’.-
wall 24 with some of these angular forces.

In'FIG. 3, there_iS,illuStrated another piston

and rod assembly 50 thatfis constructed in accordance

with the invention. The assemb1y 50 is_ShOWn,emplOYed ‘
in a typical air compressér'SQ. “
The air ccmpressor.sz includes a manifold 54

having an air inlet chamber 56 and an air outlet

- chamber 58. Réed.valve_Openings 60 and'62'provide-'

fluid communication_between these.chambers and a
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compression chamber 64. A cylinder 66 attached to a
base 68 of the manifold 52 provides the compression
chamber 64. '

‘A piston head 70 of the assembly 50 is received
within the cylinder 66. The piston head 70 is typical
of most wobble~typé pistons in that it'inclndes a
working surface 72 and'a'cup seal 74about.the-
periphery Qf the wOrking;Shrface 72, . .

As illustrated, a piStOn 80 of theassembly.SO is
conically shaped and has its apex 82 attached to a
crankring 84. In contrast to the assembly 10, in the

assembly 50, the conical piston 80 is attached to the

ring 84 by means of a flattened beam 90”that serve as

a piSton rod. The flattened.beam includes twb flared

ribs 92 that flare'outwardly within the p1ane_of the:

beam 90.

As the piston and rod assembly Sogis caused to
reciprocate, the strQSSes.and strainsjexerted on the
jOint between the pistdn 80 and the flattenéd}beam 90

with flared ribs 92.are.eXértéd along the'ribs and'the'

wall of the piston 80 at an angle to the axis of the

piston. This angular exertioh'of”fbrCQS is.1éss '
stressful on the,joint than if the.point WeréiTwshaped

in cross-section and therefore, the joint is less

likely to fail.
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It can be appreciated that in all of the
embodiments 1illustrated in FIGS. 1-3, a jointorwaist
section in cross-section defines an X-shape in
profile. The outer wali of the piston comprises the
upper poftion of the xeshape. The buter edges of the
flared ribs lying‘within a plane of the crankshaft

ring comprise the lower portion of.the Xéshapé. It is

this x—éhape‘that provides triangulated_aCtion and: |

counteraction to relieVe the joint:from'failure;due'to

the affects of the stress and strain_fdrces.

In FIGS. 4-6, a particular conidal rod piston
assembly is illustrated wherein apérticular‘waist
section or joint membér comprises a hollow frusto-
conical member. . '

~ As illustrated, in'this-particular"embbdiment, a

conical rod pistcn assembly'100_inc1udés'a ffugt°;f

conical pistonnloz Securéd'to a crankshaftring'104 by
means of a frusto-conical joint.member'or'waist  .
section 106.- Thé pistbnhead102_andwaist.sec£ion
106 preferabif.are.hOllow; .

Asfﬁtther illustrated,'the'crankshaftring‘104:‘ 
is constructed to be molded about a bearing member 110 ?.-
during.formation of the'crankshaft:rihg.The:piston
102, crankshaft ring 104; and waist section 106 are

simultaneously molded"in_é.unitary constructibn.'
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As also illustrated, the top end of the piston
102 is defined by an annular wall 112. The annulax
wall 112 is constructed to include an interior

circumferential 1edge'er shelf 114 and a circular bead

‘or rib 116 formed at the very top surface or edge of

the wall 112; The ledge'or shelf 114:15 used to
support a cap-member'llssecured to:the top end of the

piston 102 while the bead 116 is used during

ultrasonic welding ef'the cap%memberellsito'the top

end, as exPlained below.

In the embodiment of FIGS; 4-6, the cap'member
118 forms part of the piston assembly 100 and provides
the piston werking surface used to compress'ﬁluid in a
surrounding cylinder 101. To this ehd the eap member
118 1s secured to the plston 102, preferably
ultrasonlcally so that the resultlng assembly 100 is .
of a unltary constructlon. '

Due to;the nature_of ultrasonicewelding,*the cap

member 118'and piston;102fwi1l fuse together at the

'top-end of the piston 102'thereby ferming'a-continu0u3~,-

member. To ensure good fu51ng between the cap'member"

118 and the plston 102 the cap member 118 is
constructed to include a dlsc~like surface 122 and a f
concentrlc downwardly dependlng annular wall 124, The

wall 124 rests on the ledge or shelf 114 when the cap
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member 118 is placed on the top emd of the piston 102,
while the diSc surface 122 extends outwardly to form a
flange whose edge-126 preferably is flush with the
outside surface 128 of the piston 102.

Additiomally, as illustratedbest_inFIG. 6, a
circumferential recess.130 is provided.ih the‘
underside of the disc surface 122 and adjacent the
outside 132 of the‘downwardlydependimganmﬁlar'wall.
124, This'recess 130 serves to grasp an inner edge'
134 of an annular seal 136 Secured between.the cap
member 118 and the piston 102dufingweldingof the
cap member 118 to the piston 102. The bead 116 also
serves to dig.into the seal thereby to further eecure_
the seal 136 in the plston assembly . .. ‘

An addltlonal feature of the cap member 118 is

illustrated in FIGS. 5 and 6. As lllustrated the cap |

member preferably 1ncludes a central c1rcu1ar recess

or bore 150 formed in the-upper 81de thereof | The-'

recess or bore 150 is prov1ded to reglster w1th a

screw 152 used to secure a leaf valve 154 on the
under51de.of the manlfold. It can be appre01ated that
the reoess 150 allows the plston 102 to extend oloser
to the manlfold wlthout fear of hlttlng the sorew‘lsz
because the screw 152 merely w1ll be captured'w1th1n

the recess 150 and thus never hlt by the plston 102.
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The use of the hollow piston 102 and hollow waist
section 106 reduces the weight of the piston and.makes
the piston assembly 100 easier to assemble. Further,
the frusto-conical shape ofthe‘piston 102énd waist
section 106 gives the piston asSembly.greatsirength
to combat the varipus forces encountered duriﬁg'wbbble
action. . ‘

While preferred embodiments have been shown,
modifications and changes maybecomeapparentfto those
skilled in the art which shall fall within the'spirit
and scope of the invention. It is intehded'that-such
modifications'and changes be covered by the attached

claims.
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CLAIMS:

1. A unitary piston assembly comprising:

a crankshaft ring molded about a bearing;

a piston formed by a hollow infundibular body that
diverges outwardly from an apex at one end and to an

5 outturned annular lip at its other end that defines the

piston head outer diameter; and

a joint member that integrally joins the apex of
the piston body to the crankshaft ring.

2. The piston assembly of claim 1 wherein the joint
10 member is infundibularly shaped and extends in converging

fashion from the apex of the piston body to the crankshaft

ring.

3. The piston assembly of claim 1 wherein the joint

member 18 a flattenec beam.

15 4, The piston assembly of claim 3 wherein the

flattened beam has projecting stiffening ribs.

5. The piston assembly of claim 1 wherein the joint

member has radially projecting stiffening ribs.

6 . The piston assembly of claim 1 together with a
20 cap member at its outer end that closes the hollow interior

cof the piston.

7. The piston assembly of claim 6 together with an

annular seal secured between the cap member and the lip.

8 . The piston assembly of claim 6 wherein the piston
25 body, joint member, cap member and crankshaft ring are

formed of plastic.
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9. The piston assembly of claim 7 together with a
pump manifold having inlet and outlet valves, and a cylinder

communicating with the valves, the piston being disposed in

the cylinder with the seal sealing against the wall of the
cylinder.

10. The piston assembly of claim 6 together with a
diaphragm secured between the cap member and the lip.

11. The piston assembly of claim 10 together with a

manifold having inlet and outlet valves, and a cylinder

communicating with the valves, the diaphragm being attached
to the cylinder.
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