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a seal between relatively novable parts. Mre particularly, the present
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sval | 1B. Also typically, at.|east one of the side walls 14, 16 neets the
base wall 18 at a generally inwardly rounded surface 19. It is well known
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20 is shownséawglg}l and is usually fornmed in a nol ding proc 2%12?45

Accordingly, the prior art seal elenment 20 generally has a pair of nold
flashing or parting points 22a, 5 22b generally oppositely situated on
the surface 24 thereof at the point where-tRe two halves of the nold net.
Due to the nature of the nolding process, one of the nold flashing points
22a naturally resides on a part of the surface 24 external to the groove 10

and in direct contact mﬁth fl in Fig. 1).
VWhile the prior art seal el eﬂé‘ﬂ?r Balséghgsﬁaﬁy#\%t%?%e constructed and
di mensi oned to provided effective sealing, certain sealed fluids have been
known to degrade the prior art seal elenment 20 at the points 22a, 22b and
15 cause the prior art seal elenent 20 to fa|I Such seal ed fluids

I ncl ude several different plasnheSEEONS eHE Y Sadds S| Nng gases)
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art seal elenen
movable parts. More particularly, the present invention

relates to a seal element for an annular dove-tail groove

that positions the mold flashing or parting lines on the

seal element away from a sealed fluid, and that prevents
10 unwanted toroidal rotation of the seal element.

Providing a seal between adjacent annular surfaces
such as a piston and a surrounding cylinder and a plugging
member and a surrounding housing is generally well known in
the art. Such a seal is usually accomplished by employing a

15 seal element formed from a relatively regilient, deformable
sealing material, such as synthetic or natural rubber. The
seal element is generally annular and often is generally
circularly shaped in toroidal cross-section. The seal
element is usually positioned in an annular groove or gland

20 on either the central member or the surrounding member.

For certain applications, it is known to employ a
groove that has a dove-tail shape in toroidal cross-section.
As seen in Figs. 1-3, such a dove-tail groove 10 typically
has an opening or mouth 12, first and secqnd side walls 14,

25 16, and an axial base wall 18 that extends between the side
walls 14, 16. The dove-tail shape of the groove 10 is
obtained by having the side walls 14, 16 extend toward each
other as each side wall 14, 16, respectively, approaches the
mouth 12 of the groove 10. Thus, each side wall 14, 16, is

30 at an angle of less than 90 degrees with respect to the base
wall 18. Also typically, at least one of the side walls 14,
16 meets the base wall 18 at a generally inwardly rounded

surface 19.
It is well known to employ a seal element having a

35 generally circular toroidal cross-section in connection with



instal l ati on and operation of the prior art seal elenment 20 can result in

toroidal rotationa

novenent thereof. Such toroidal rotational npbvenent

causes i nproper seating of and unwanted internal stress within the prior

art seal el enment

0. As aresult, the toroidal rotatlonal novement

causes undue wear anga?allure of the prior art seal elenent 20. @mﬁ¥@§ﬁnt
I nvention conprises a seal elenent for installation in an annul ar

dove-tail -shaped groove in which the seal elenent is positioned to avoid
contact between nold 30 fl ashing points therton and a seal ed fl uid.
Additionally, the seal elenent of the present invention has a toroidal
cross-sectional shape that prevents toroidal rotational novenent during
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as an exte
ts 22a naturally resides on a part of the surface 24

external to the groove 10 and in direct contact with a
sealed fluid (not shown in Fig. 1).

While the prior art seal element 20 seen in Fig. 1
may be constructed and dimensioned to provided effective
sealing, certain sealed fluids have been known to degrade
the prior art seal element 20 at the points 22a, 22b and
cause the prior art seal element 20 to fail. Such sealed
fluids include several different plasmas (combinations of
processing gases) employed in semiconductor processing
applications, for example.

Further, due to the generally circular toroidal
cross-gection of the prior art seal element 20, the
installation and operation of the prior art seal element 20
can result in toroidal rotational movement thereof. Such
toroidal rotational movement causes improper seating of and
unwanted internal stress within the prior art seal element
20. As a result, the toroidal rotational movement causes
undue wear and failure of the prior art seal element 20.

The present invention comprises a seal element for
installation in an annular dove-tail-shaped groove in which
the seal element is positioned to avoid contact between mold
flashing points thereon and a sealed fluid. Additionally,
the seal element of the present invention has a toroidal
cross-sectional shape that prevents toroidal rotational
movement during installation and operation.



surface that in toroidal cross-section includes first and second arcual
portions and a pair of flashing points. The 15 first arcual portion has
o fi , : . . .

to allowthe first arcual portion to contact the side walls and the base
wall and to partially protrude through the nouth of the groove. The second
ar cual portigﬁ’ 9424814 second radius smaller than 20 t he PCTPSYREASus and
a second radial center, where the. second radius is sized and the second
radial center is offset fromthe first radial center to allow the second
arcual portion to be conplenentarily receivedl by a portion of the inwardly

rounded surface of the groove. The pair of 25 nold flashing points are
oppositely situated on the surface, and each flashing point is positioned
on a part of the external seal sugface |ocated gwa om contact with a
sealed fluid. Brief Description The
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extend toward each other as each side wall respect*:ely

approaches the mouth. Within the groove, the first side
wall meets the base wall at a generally inwardly rounded
10 surface. .

The seal element is an annularly shaped element
formed of an elastomeric material and has an external
surface that in toroidal cross-section includes first and
second arcual portions and a pair of flashing points. The

15 first arcual portion has a first radius and a first radial
center, where the first radius is sized to allow the first
arcual portion to contact the side walls and the base wall
and to partially protrude through the mouth of the groove.
The second arcual portion has a second radius smaller than

20 the first radius and a second radial center, where the.
second radius is sized and the second radial center is
offset from the first radial center to allow the second
arcual portion to be complementarily received by a portion
of the inwardly rocunded surface of the groove. The pair of

25 mold flashing points are oppositely situated on the surface,
and each flashing point is positioned on a part of the
external seal surface located away from contact with a

sealed fluid.

Brief Description of the Dxawinas

30 The foregoing summary, as well as the following
detailed description of the invention, will be better
understood when read in conjunction with the appended
drawings. For the purpose of illustrating the invention,
there is shown in the drawings an embodiment which is

35 presently preferred. It should be understood, however, that




Fig. 1 is a toroidal cross-sectional view of a prior art seal elenent
positioned in an annul ar dove-tail 5 groove; Fig. 2 is a toroidal
gfoss-sectional view of a seal element of the present invention positioned
wi thin the dove- gfove, where the seal elenment has a |obe %*5ﬂﬁghﬂﬁ”
toward a corner of the groove; and 10 Fig. 3 is a toroida
cross-sectional view of the seal elenent of Fig. 2 conpressed by a surface
extendi ng across the nouth of the groove. Detail ed Description of Preferred
Enbodi ment Certain term nology nmay be used in fhg follow ng 15

description for convenience only and is not limting. The words "left",
"right", "uppers and "l ower" designate directions in the drawings to which

B_eferte_nce its rradg- Tl?ﬁe“@ﬁ&’?meiid?xv‘@rsdh&ﬁtPﬂﬁ'iltl.'éwtt\ﬁirt@efbrabﬁ:séUﬁfhﬁiﬁger?enztos and
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indicate |like elements throughout, 25 there is shown in Fig. 2 a seal

el ement 26 construct 88°PYe4ccordance with a preferred enbodi nent of the
present invention. As shoul d Rigundeistaocthreidalssxiossl-eschionsl giew of a
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the elastoneric material conprises a perfluqro- 3 e S%OHEFI or a
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the present 19 Fig. 3 is a toroidal cross-sectional view of the

seal element of Fig. 2 compressed by a surface extending
across the mouth of the groove.

Detajiled Depcription of Preferred Embodiment

Certain terminology may be used in the following
1s description for convenience only and is not limiting. The
words "left", "right", "upper* and “lower" designate
directions in the drawings to which reference is made. The

words "inwardly®" and "outwardly" are further directions
toward and away from, respectively, the geometric center of

20 the referenced element. The terminology includes the words
above specifically mentioned, derivatives thereof, and words
of similar import.

Referring to the drawings in detail, wherein like
numerals are used to indicate like elements throughout,

25 there is shown in Fig. 2 a seal element 26 constructed in
accordance with a preferred embodiment of the present
invention. As should be understood, the seal element 26 is
annularly shaped and is formed from an elastomeric material.
Preferably, the elastomeric material comprises a perfluoro-

30 elastomeric or a fluoro-elastomeric material, although it
will be recognize that other materials may be employed
without departing from the spirit and scope of the present
invention.

In toroidal cross-section and as seen in Fig. 2,
3s the external seal surface 28 of the seal element 26 has



I nvention. In toroidal cross-section and as seen in Fig. 2, 35 t he
external seal surface 28 of the seal elenent 26 has WO 96/ 21814

PCT ty—arcuat—portT oS30, 32— 1he 1St
general ly arcual portion 30 has a first nmean radius R err] extending from
t he surface lyst radial center 34, and the first radi 34 is
situated app@gfgﬁ&f{al y inthe 5 center of the groove 10%’@%%%’%&
el enent 26 is positioned in the groove 10. Preferably, the first nean
radius Rlerr] is sized such that the first arcual portion 30 contacts the
side walls 14, 16 and the base wall 18 of tHe -groove 10, and such that the

first arcual portion 30 10 protrudes through the nouth 12 of the groove
10. The second generally arcual portion 32 has a second nean radius R2

smaller than th LS [ R %?EH t4@y @ 43$€C0 radi al
center 36. Pref gr%ﬁ%y,gngﬁ%g%‘ge'g%r#%regéﬁép 82%?%?% |sd}%f P?ét 3?$omqﬁre1e first
radial 15 c&iret ganexakl anrual Rarsion, 30 nkRs & firate meenoradius R,
groove 10 when lelk@efi@hqg cf fdieNthe? @urFapestbi antirst tdtial eentet034A and

pre erably. e R SRR YA kel 08 Turifoiely Uipleolinasigdnagsn
i nwardl y roundegenteraef tive grpaye 1Phwhsacbhe g8l AleRent 3F 32 outlines a
| obe of the sealpoglielBhRéd 26 @t RFcdTel Quar dpfefaxalsliy Oft Heh€ igstomeahO.
Simlar to the Q&hgﬁsaﬁ} f%e%kzghegggﬁ éggéﬂgﬁﬂ1ff}st arcual pertion 30
contacts the side walls 14, 16 and the base wall 18 of the
groove 10, and such that the first arcual portion 30
10 protrudes through the moutﬁ 12 of the groove 10.
The second generally arcual pertion 32 has a
second mean radius R, smaller than the first mean radius R,
and extending to a second radial center 36. Preferably, the
second radial center 36 is offset from the first radial
15 center 34 toward the inwardly rounded surface 19 of the
groove 10 when the seal element 26 is positioned in the
groove 10. Also preferably, the second mean radius R, is
sized such that the second arcual portion 32 is
complementarily received by at least a portion of the
20 inwardly rounded surface 19. Thus, the second arcual
portion 32 outlines a lobe of the seal element 26 extending
toward a corner of the groove 10.
Similar to the prior art seal element 20 shown in
Fig. 1, the seal element is formed by a molding process
25 which often results in the creation of a pair of mold
flashing or parting points 38a, 38b. As seen, points 38a,
38b are generally oppositely situation on the surface 28 of
the seal element 26. Because of the unique shape of the
seal element 20, it is preferable that the flashing point
30 38a be positioned on the first arcual portion 30 and that
the flashing point 38b be positioned on the second arcual
portion 32. Also preferably, and as may be seen in Fig. 2,
the flashing points 38a, 38b and the first and second radial
centers 34, 36 are all positioned in a relatively straight

35 line.



Fig. 1, the seal elenent is forned by a nol ding process 25 whi ch often
results in the creation of a pair of nold flashing or parting points 38a,
8b. As seen, points 38a, 38b are generally oppositely situation on the
surface 28 of they§eadgfal enent 26. Because of the unique shape 9%1&:?&155%?'
element 20, it is preferable that the flashing point 30

positioned on the first arcual portion 30 and that the flashlng poi nt 38b
be positioned on the second arcual portion 32. .Agso preferably, and as nmay
be seen in Fig. 2, the flashing points 38a, 38b and the first and second
radial centers 34, 36 are all positioned in a relatively straight 35
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posi tions shown in 38a, 38b is in contact with the sealed fluid 41.
10 Accordingly, undue wear and failure of the seal element: 26
' is significantly reduced or prevented.

Preferably, the seal element 26 is molded with the
flashing points 38a, 38b offset to the positions shown in
shown in Fig. 2. The process for such molding is well known

15 and further discussion is not necessary. Thus, in an
unstressed state, the second arcual portion 32 and the
flashing point 38b of the seal element 26 is complementarily
received by the rounded surface 19, and the flashing point
3Ba is moved toward the mouth 12 of the grocove 10, and the

20 seal element 26 need not be toroidally rotated during
installation for proper seating.

Preferably, the surface 28 of the seal element 26
also has first and second generally linear portions 42, 44
interposed between the first and second arcual portions 30,

25 32. More particularly, and as seen in Fig. 2, the first
linear portion 42 extends between one end-of the first
arcual portion and a corresponding end of the second arcual
portion, and is oriented generally parallel with respect to
and contacts the first gide wall 14. Similarly, the second

30 linear portion 44 extends between the other end of the first
arcual portion 30 and the other end of the second arcual
portion 32 and is oriented generally parallel with respect
to and contacts the base wall 18. Accordingly, the first
and second arcual portions 30, 32 and the first and second

35 linear portions 42, 44 combine to form the surface 28 of the



shown in Fig. 2. The process for such nolding is well known 15 and
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second arcual portion 32 and the flashing point 38b of the seal elenent 26
i's conpl enen ' 8{l‘eceived by the rounded surface 19, and the fl ashing
point 38a is noved toward the mouth 12 of the groove 10, an§CTREsAas3s

seal elenent 26 need not be toroidally rotated during installation for
proper seating. Preferably, the surface 28 of the seal elenent 26 al so has
first and second generally |linear portions-42,- 44 interposed between the
first and second arcual portions 30, 25 32. More particularly, and as
seen in Fig. 2, the first linear portion 42 extends between one end of the
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52, respectively. Preferably, the radial center 50 of the
first arcual sub-portion 46 is offset from the first radial
10 center 34 a relatively small distance as compared to the
first mean radius R, and toward the mouth 12 of the groove
10, and the radial center 52 of the second arcual sub-
portion 48 is offset from the first radial center 234 a
relatively small distance as compared to the first mean
15 radius R, and away from the mouth 12 of the groove 10.
Thus, the first arcual sub-portion 46 protrudes through the
mouth 12 of the groove 10 and the second arcual sub-portion
48 contacts the base wall 18 of the groove 10. As will be
recognized, although the mean radii R,, and R,; are
20 substantially equal to the first mean radius R,, they are of
necessity slightly smaller than the first mean radius R,.
The subdivided first arcual portion 30 also has a
generally linear portion 54 that extends between the ends of
the first and second arcual sub-portions 46, 48 that are
25 more distant from the second arcual portion 32. Preferably,
the linear portion 54 extends a relatively small distance as
compared to the first mean radius R,. More preferably, the
linear portion 54 extends a distance substantially equal to
a distance between the radial centers 50, 52 of the first
30 and second arcual sub-portions 46, 48. Also preferably, the
linear portion 54 is oriented generally perpendicularly with
respect to the base wall 18 of the groove 10 when the seal
element 26 is positioned in the groove 10.
With the asymmetrical geometry of the seal element
35 26 of the present invention, the seal element 26 is
prevented from rolling and twisting in the groove 10 during



bé subdivided to include first and second arcual sub- 5 portions 46,
48. The first and second arcual sub-portions each have a nean radi Us
Rlerr], Rlerr], respectively, substantially equal to the first nean radius
Rlerr], and radi s 50, 52, respectively. Preferably, th | al
center 50 of thea*?rs g{cual sub-portion 46 is offset fromthegﬁﬁgéﬁms
radi al 10 center 34 a relatively snmall distance as conpared to the
first nean radius R err] and toward the nmouth 12 of the groove 10, and the
radi al center 52 of the second arcual sub- porti®n-48 is offset fromthe
first radial center 34 a relatively small distance as conpared to the first
mean 15 radius R err] and away fromthe nouth 12 of the groove 10.
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without departing from the broad inventive concepts thereof.
It is understood, therefore, that this invention is not
limited to the particular embodiment disclosed, but is
15 intended to cover all modifications which are within the

spirit and scope of the appended claims.



Wth the asymmetrical geonmetry of the seal elenent 35 26 of the present
I nvention, the seal elenent 26 is prevented fromrolling and twisting in

t he groove 10 durring WO 967 21814

PCT/ US95/ 12535 -8- installation and operation. Accordingly, the seal

el ement 26 rag@b&ssid operly seated in the groove 10 and doe

unwanted internal stress or twi sting. Mreover, the offset parting points
38a, 38b of the seal elenment 26 of the 5 present invention are not
exposed to the sealed fluid 41, and result[p% degradation and failure is
avoi ded. Fromthe foregoing description, it can be seen that the present

I nvention conprises a seal elenent for installation in an annual dove-tai
groove. It will be 10 recogni zed by those skilled in the art that
changes may be nmade to the above-descri bedcggpgeli ment of the invention

wi t hout departing fromthe broad inventive concepts thereof. It is
understood, therefore, that this invention is not limted to the particul ar
enbodi nent di sclosed, but i1s 1A seal elemdntl for cinataldlationdihi aatammslar
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base wall axially extending between the side walls, the side

5 walls extending toward each other as each side wall
.. respectively approaches the mouth to form a dove-tail shape
in toroidal cross-section, the first side wall meeting the
base wall at a generally inwardly rounded surface, the seal
element for sealing a sealed fluid and comprising a
10 generally annularly shaped element formed of an elastomeric
material and having an external seal surface including, in
toroidal cross-section:
a first generally arcual portion having a
first radius and a first radial center, the first radius
15 being sized to allow the first arcual portion to contact the
side walls and the base wall and to partially protrude
through the mouth of the groove;
a second generally arcual portion having a
second radius smaller than the first radius and a second
20 radial center, the second radius being sgized and the second
radial center being offset from the first radial center to
allow the second arcual portion to be complementarily
received by a portion of the inwardly rounded surface of the
groove; and
25 a pair of mold flashing points generally
oppositely situated on the external seal surface, each
flashing point being positioned on a part of the external
seal surface located away from contact with the sealed

fluid.

30 2. The seal element ag recited in claim 1
wherein one flashing point is positioned on each of the
first and second arcual portions.

U 0



1 A seal elenent for installation in an annul ar groove having a nouth,
first and second side walls, and a base wall axially extending between the
SQFF wal | s, thelside 5 ] maILs extendi ng toward each ot her as each side
wa respectively roaches the nmouth to forma dove-tail shape_in

t or oi dal cross-se‘c‘%&gﬁ%l?he first side wall neeting the base \NQIYC%{?”Q“H”
generally inwardly rounded surface, the seal elenent for sealing a sealed
fluid and conprising a 10 general ly annul arly shaped el enent forned of
an el astomeric material and having an external” sal- surface including, in
toroi dal cross-section: a first generally arcual portion having a first
radius and a first radial center, the first radius 15 being sized to

allow the first arcual portiomto qﬁgtgggltggéﬁg Mallsipld thecbass yal |
and to partially protrude_throu%ﬁ the nouth of t ; ond

f e groqye; a sec )
general |y arcual por ¥h8ReRRVERRY a§§&Bﬁdp?%Rﬁim?Qﬂn§%%e2lfﬁﬁnaPﬁe’?F?%? radial
radi us and a second 2énters raak gosdiedbred imea sedardvedd ssrbéghy dimed and
the second radial center being offset fromthe first radial center to allow
the second arcual portion to be conplenenjarjly received,by. a,porfipn of
the inwardly rounded surface - thg:gﬁr Bﬁﬁi;eiﬁ%@% a5 recitéa’iR’clain 3
pair of nold fBashi nghepein stlgeretarhal opepakisutfiace fuxtbdroanchedest fanal

seal surface, each fl:é?%l&':gl 'J%-ngﬂﬂoﬂoéifixpé@ teﬁx'&f%é@?ﬁiﬂ&ai—hﬁortion

external seal surface cated away fromcontact w . Seal ed fluid. 30
2. The seal el enenfX5erdiRg haFwesncrae end e iy T35t PESHRAGPPET IR i3nd 2

positioned on each otothesponding end of the second arcual portion and a second
generally linear portion extending between the other end of
10 the first arcual portion and the other end of the second
arcual portion.

S. The seal element as recited in claim 4
wherein the first linear portion is oriented generally
parallel with respect to and contacts the first side wall,

15 and wherein the second linear portion is oriented generally
parallel with respect to and contacts the base wall.

6. The seal element as recited in claim 1
wherein the first arcual portion includes:
a first arcual sub-portion having a radius
20 substantially equal to the first radius and a radial center
offset from the firgt radial center a relatively small
distance as compared to the first radius and toward the
mouth of the groove, the first arcual sub-portion being
sized to contact the side walls and to partially protrude
25 through the mouth of the groove; and
a second arcual sub-portion having a radius
substantially equal to the first radius and a radial center
offset from the first radial center a relatively small
distance as compared to the first radius and away from the
30 mouth of the groove, the second arcual sub-portion being
sized to contact the base wall.
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first and second arcual portions. WO 96/ 21814
PCT/ US95/ 12535 -10- 3. The seal elenent as recited in claim2 wherein the
fl ashingpoi-ats and the first and second radial centers are positioned in a

relatively straight line. 4. The seal elenent as recited in claiml1 5
wherein the external seal surface further includes in toroidal

cross-secti or'V@%31B: generally |inear portion extendi ng betreresesmsaend of
the first arcual portion and a correspondi ng end of the second arcual
portion and a second generally linear portion extendi ng between the other
end of 10 the first arcual portion and tile-other end of the second
arcual portion. 5. The seal elenent as recited in claim4 wherein the
first linear portion is oriented generally parallel with respect to and
contacts the first side wgll wherel n ond |lJjnear_portion
is oriented generally par aI I el.iL arf:sgg'eé“[erit agn% ﬁﬁ? ct? Tifthdse wal | .
6. The seal el'Bifimashecéiret ws:talamzpmeternhenehn ratgemexadily

portion includestireslr potrtaos uskt Enthineoral lr@nah.avemg ama 2Ll dSstdhce as
S T coipaita DG, Ehd il dbust o BLk e ot Spd de Fnel 0T

first radial center atrvel
radi us anostowarad""("!"l‘é ﬁHHt‘H°6‘Fithéﬁgﬂt&iv@1‘ONh§hFl pecond Argualy porgdicnoand
bei ng sized to eorrrespbrdSngeendildss tded seeopar atébay AIigdsdbGon distal

from the second arcual portion.

8. The seal element as recited in claim 7
wherein the linear portion extending between the first and
10 second arcual sub-portions is oriented generally

perpendicularly with respect to the base wall of the groove.
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25 t hrough the nouth of.the groove; and a second arcual sulQ,
hawi ~W=Ya subst antd-adtby - equs St @ fid St Bdi-al e -
Yoffset fromthe first radial center a relatively small a
to the first radius and away fromthe 30 nout h of the ;.‘-“_,:'f.;f;
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