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(57) ABSTRACT 
A shaft seal (and method for making the same) of the 
type having an annular elastomeric body, a molded lip, 
and the molded lip having a liner of sintered polytetra 
fluoroethylene bonded thereto. The elastomer is 
molded simultaneously with the polytetrafluoroethyl 
ene liner being formed and bonded to the elastomer. 
The method for making the seal employs the same mold 
used to make common, molded lip elastomeric seals. 

28 Claims, 2 Drawing Sheets 
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METHOD OF MOLONG AN ELASTOMERC 
SHAFT SEAL WHA 

POLYTETRAFLUOROETHYLENE LNER 
SMULTANEOUSLY FORMED THEREON 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of application Ser. Na. 
313,273, filed Oct 21, 1981, and now abandoned, and 
which is a reissue application for U.S. Pat No. 4,171,561 
which was issued on Oct 23, 1979 on application Ser. No. 
746,392. Application Ser. No. 746,392 was filed on Dec. 1, 
1976. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to shaft seals and in particular 

to elastomeric molded lip shaft seals having a polytetra 
fluoroethylene wear surface. 

2. Description of the Prior Art 
Polytetrafluoroethylene seals are presently being 

manufactured for severe sealing applications, however, 
these polytetrafluoroethylene seals require new mold 
tooling in order to be manufactured. Some of the advan 
tages of the polytetrafluoroethylene seal are obtained 
by applying a polytetrafluoroethylene coating to 
molded elastomeric seals. For example, it is also known 
to form a molded elastomeric shaft seal and then to coat 
the sealing element with a thin layer of polytetrafluoro 
ethylene as by spraying or dipping (see U.S. Pat. No. 
2,932,535). A process for allegedly forming a multiple 
material seal having an inside made of a less expensive 
material and a liner of Viton or allegedly Teflon is 
described in U.S. Pat. No. 3,493,645. It is also known to 
form an annular shaft seal of the type having a trimmed 
lip by using a standard mold and placing a polytetraflu 
oroethylene ring in the mold with a pre-form of elasto 
ner on top of the ring, such that when the mold closes 
the elastomeric material forms the polytetrafluoroethyl 
enering into a liner. After the molded seal is removed 
from the mold cavity it is trimmed at a critical location 
to produce a trimmed lip at a predetermined point; the 
polytetrafluoroethylene liner will therefore exist 
bonded to the molded elastomer from the contact point 
of the sealing lip axially outwardly in one direction only 
away from the lip. A method for making shaft seals 
having a trimmed lip (but without a polytetrafluoroeth 
ylene liner) is shown generally in U.S. Pat. No. 
3,276,115 wherein the trimming is done along line X-X 
in FIG. 6 thereof. 

It is an object of the present invention to provide an 
elastomeric shaft seal of the molded lip type and a 
method for making such seals using only the same tool 
ing used in making common molded lip elastomeric 
seals. 

SUMMARY OF THE INVENTION 
An annular molded elastomeric shaft seal of the 

molded lip type (and method for making the same) 
having a bonded liner of sintered polytetrafluoroethyl 
ene formed from a ring of sintered polytetrafluoroethyl 
ene, the molding, forming, and bonding all being done 
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2 
simultaneously using a standard mold of the type used 
to mold a common elastomeric molded lip seal. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be more fully understood 

by reference to the following detailed description 
thereof, when read in conjunction with the attached 
drawings, wherein like reference numerals refer to like 
elements and wherein: 
FIGS. 1 and 2 are partial cross-sectional views 

through a mold showing the method of the present 
invention; and 

FIG. 3 is a partial cross-sectional view of a molded lip 
seal with a polytetrafluoroethylene liner according to 
the present invention. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODMENT 

With reference now to the drawings, FIGS. 1 and 2 
show the method of the present invention and FIG. 3 
shows a seal in accordance with the present invention. 
Referring first to the seal of the present invention, FIG. 
3 shows a shaft seal 10 of the type having a molded lip 
20 and a liner 26 of sintered polytetrafluoroethylene. 
These are the basic features of a seal according to this 
invention; thus, while the preferred seal is shown, the 
present invention is not limited thereto but encompasses 
all molded lip seals. 
The seal 10 also comprises an annular metal shell 12 

to which a molded elastomeric body 14 is bonded. The 
elastomeric body 14 includes a heel portion 16, a flexi 
ble portion 18, and an auxiliary or dust lip 24 and carrys 
a garter string 22. The liner 26 can have hydrodynamic 
pumping elements 28 of any known shape, size or con 
figuration, if desired. The pumping elements 28 are 
formed on the liner 26 during the molding process of 
the present invention, as described below. 
The method of the present invention will now be 

described with reference to FIGS. 1 and 2 showing the 
molding technique of the present invention. FIGS. 1 
and 2 show a standard mold for a conventional elasto 
meric molded lip shaft seal including a mold core 30, a 
lower die member 32, a centering ring 34 and a move 
able upper die member 36. The mold is shown in its 
open position in FIG. 1 and in its closed position in 
FIG. 2. The mold defines a mold cavity 38 having a 
molded-lip groove 40 for forming the molded lip of the 
seal 10. Adjacent the molded-lip groove 40, one or more 
recesses 42 (one of which appears in dotted line in 
FIGS. 1 and 2) can be provided if desired, for forming 
hydrodynamic pumping elements 28. 

In the process of the present invention, a ring or 
washer 50 of sintered polytetrafluoroethylene is placed 
on the mold core 30 as shown in FIG. 1 and a pre-form 
52 of elastomeric material is placed on top of the ring 
50. The ring 50 includes a portion 54 that extends radi 
ally out into the cavity 38 a sufficient distance such that 
the portion 54 will extend past the molded-lip groove 40 
when the mold is closed and the ring 50 is formed into 
the liner 26. When the mold is closed, as shown in FIG. 
2, the upper die member 36 is forced to move down 
wardly by a standard press causing the elastomer in the 
pre-form 52 to flow down into the cavity 38 behind the 
ring 50, causing the ring 50 to move down and against 
the mold core 30 under the hydraulic pressure (illus 
trated by the arrows 56 in FIG. 2) exerted thereon by 
the flowing elastomer. It is noted that the polytetrafluo 
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roethylene ring 50 is "formed" as contrasted to the 
elastomer which "flows” under pressure. The sintered 
polytetrafluoroethylene of the ring 50 will not flow 
(although it may stretch slightly). The hydraulic pres 
sure forms the ring 50 into the liner 26 and forces a 
portion of the ring 50 into the groove 40 to form the 
molded lip 20. The excess elastomer and liner material 
are removed by trimming along line X-X in FIG. 2. 
The elastomer is molded and simultaneously therewith 
the polytetrafluoroethylene liner is formed and bonded 
to the elastomer. The mold is then opened, the seal 10 is 
removed, and the process is repeated. 
As will be understood from the above description, the 

shaft seal 10 can be manufactured utilizing the same 
identical tooling that is used for making common elasto 
meric type seals (such as, for example, the seal of FIG. 
3 but without the liner 26). The present invention can be 
used to make any seal of the type having a molded lip, 
for example, whether or not the lip is on the I.D. or the 
O.D. or it is a wafer seal. While the polytetrafluoroeth 
yiene liner 26 preferably covers that portion of the 
elastoner shown in FIG. 2, such is not essential, how 
ever, the liner should cover the molded lip 20 on each 
axial side of the lip to a distance of at least about twice 
the thickness of the ring 50. The thickness of the ring 50 
used in the present invention is from about 0.010 inch to 
0.050 inch, and is preferably between 0.015 and 0.030 
inch thick. Thus, if the ring has a thickness of about 
0.030 inch, the liner 26 should extend axially at least 
0.060 inch on each side of the lip 20. The ring 50 can be 
treated as known in the art to aid in bonding it to the 
elastomer, such as by a chemical etch and cement if 
desired. As stated above, the present invention is appli 
cable to any shape or design of a shaft seal having a 
molded lip and is not limited to particular designs 
shown in FIGS. 1-3. For example, the metal shell 12 is 
not essential to the present invention nor are the hydro 
dynamic pumping elements 2, although they can be 
formed, if desired, using the same tooling recesses 42 as 
would be used for producing a common molded elasto 
meric seal without a polytetrafluoroethylene liner. The 
thickness of the liner 26 according to the present inven 
tion is closely controlled and is very uniform. This is an 
advantage especially in high speed and in dry applica 
tions in which prior seals having a polytetrafluoroethyl 
ene coating of varying thickness would fail due to fail 
ure at the thinnest areas of the coating. The term “liner' 
as used in the present invention is hereby defined to 
means a separate, integral element bonded to the elasto 
merbacking, in contrast to a thin, sprayed-on or dipped 
on coating, for example. In addition, as will be under 
stood by those skilled in the art, the term "form' is 
hereby defined for use in the present specification and 
claims to mean bent and reshaped (and to exclude 
"flowing') as is the case with the sintered polytetrafluo 
roethylene ring used in this invention, in contrast to the 
flowing of the elastomer pre-form 52. 
The invention has been described in detail with par 

ticular reference to the preferred embodiments thereof, 
but it will be understood that variations and modifica 
tions can be effected within the spirit and scope of the 
invention as described hereinabove and as defined in the 
appended claims. 
We claim: 
1. A method for making a shaft seal of the molded lip 

type including an annular elastomeric body, having a 
molded lip and the molded lip having a sealing edge and 
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4. 
axial sides on opposites of said sealing edge and a liner of 
sintered polytetrafluoroethylene, comprising: 

(a) molding, at a temperature in the range of from 
about 300' to 450 F., an annular elastomeric 
body at a temperature at which the elastomeric body 
will flow and the polytetrafluoroethylene will not; and 

(b) simultaneously with said molding step, forming a 
ring of sintered polytetrafluoroethylene into a liner 
on said elastomeric body in the shape of a the 
molded lip and bonding said liner to the surface of 
both axial sides of the molded lip of said elastomeric 
body by hydraulic pressure exerted by the elastomer 
of the elastoneric body during formation of the 
molded lip during said molding step, 

2. The method according to claim 1 wherein said 
simultaneously forming step comprises lining said body 
for at least 0.060 inch on each axial side of said molded 
lip. 

3. The method according to claim 1 wherein said 
simultaneously forming step includes forming hydrody 
namic pumping elements on a shaft-engaging surface of 
said liner. 

4. The method according to claim 1 wherein said 
simultaneously forming step comprises placing said ring 
of sintered polytetrafluoroethylene in a standard mold 
cavity having a molded-lip groove of the type for use in 
making an elastomeric, molded lip seal, and forcing 
elastomeric material into said mold cavity from behind 
said ring to force said ring against and into said molded 
lip groove to for in said ring as a polytetrafluoroethylene 
liner with a molded lip. 

5. The method according to claim 4 wherein said 
placing step comprises placing said ring in said mold 
cavity at a location spaced away from said molded-lip 
groove such that said ring is out of contact with said 
molded-lip groove. 

6. The method according to claim 4 wherein said 
placing step comprises placing a polytetrafluoroethyl 
enering having a thickness of about 0.010-0.050 inch in 
said mold cavity. 

7. The method according to claim 4 wherein said 
placing step includes placing said ring in said cavity 
such that at least a portion thereof extends radially out 
into the cavity a sufficient distance such that said por 
tion will extend past said molded-lip groove during said 
forcing step. 

8. The method according to claim 7 wherein said 
simultaneously forming step comprises lining said body 
for at least 0.060 inch on each axial side of said molded 
lip. 

9. The method according to claim 8 wherein said 
simultaneously forming step includes forming hydrody 
namic pumping elements on a shaft-engaging surface of 
said liner. 

10. The method according to claim 9 wherein said 
placing step comprises placing a polytetrafluoroethyl 
enering having a thickness of about 0.010-0.050 inch in 
said mold cavity, 

11. The method according to claim 10 wherein said 
placing step comprises placing said ring in said mold 
cavity at a location spaced away from said molded-lip 
groove such that said ring is out of contact with said 
molded-lip groove. 

12. The method according to claim 1 wherein said 
molding step comprises compression molding said elas 
tomeric body from a pre-form of elastomer, and said 
forming step comprises forming a flat ring of sintered 
polytetrafluoroethelene into said liner. 
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13. A method for making a shaft seal of the molded lip said elastomer to flow against said ring and hydrauli 
type including an annular elastomeric body, having a cally force said ring against and into said at least one 
molded lip, and the molded lip having a liner of sintered recess to form said inter with a ridge, having axial 
polytetrafluoroethylene, comprising the steps of: sides on opposite sides of an edge thereof and corre 

(a) compression molding, at a temperature in the 5 sponding to the shape of the recess in the mold surface 
range of from about 300 to 450 F., said elasto- that defines the shaft engaging surface of said seal 
meric body from an elastomer pre-form, at a ten- and 
perature at which the elastomer pre-form will flow (d) opening the mold and removing the seal therefrom. 
and the polytetrafluoroethylene will not, while simul- 16. The method according to claim 15 wherein said at 
taneously foning said liner and bonding said 10 least one recess includes a hydrodynamic pumping element 
formed liner to on the surface of said elastomeric groove and wherein said ridge is a hydrodynamic pumping 
body, and w element 

(b) said forming step comprising: 4. 17. The method according to claim 16 wherein said at 
(1) placing, beneath said pre-form a ring of sin least one recess is a plurality of hydrodynamic pumping 

ered polytetrafluoroethylene in Engld cavity 15 element grooves and whereinsaid corresponding ridge is a 
having a wall surface with a molded-lip ' plurality of hydrodynamic pumping elements. 
formed therein with at least a portion of said ring 18. The method according to claim 15 wherein said 
extending radially out into the seal cavity a suffi- surface of said core is a conical surface. 
cient distance such that it will extend from a 19. The method accordin p g to claim 15 including placing 
portion of said wall surface located on a first side of an annular metal shell in said moid cavity and bonding 
said groove past said groove onto a second portion said elastoneric body to said shell. 
of said wall surface located on an opposite side of 20. The method according to claim 15 wherein said at 
the groove when formed in the direction of said least one recess includes at least one edge where two flat 
groove, and w surfaces of said recess meet with a y-shaped cross-section. 

(2) closing the mold to cause said elastomer to flow 25 21. The method according to claim 15 wherein the cross 
and force exert a hydraulic pressure forcing s 
said ring against and into said ve, forming t g g till innermost portion of said at 
is: ...E." with a having the 22. The method according to claim 15 wherein said ring 

14. The method according o claim 13 wherein said 30 placing step includes placing said ring in said cavity such 
laci id ring in said mol that at least a portion thereaf extends radially out into the 
i. tri e..." cavity a sufficient distance such that said portion will ex 

oove such that said ring is out of contact with said tend past said recess during said forcing step. 
ring 1s out of con W. Salt 23. The method according to claim 22 wherein said 

15. A method for making a shaft seal of the type includ. 35 simultaneously forming step comprises lining said body for 
ing an annular elastomeric body and a liner of sintered at least 900 inch on each acial side of said recess. 
polytetrafluoroethylene on a shaft engaging surface of said 24. The method according o claim 23 wherein said ring 
seal, comprising the steps of placing step comprises placing said ring in said mold cavity 

(a) placing a ring of intered polytetrafluoroethylene on at a location spaced away from said recess such that said 
a core that forms a portion of a mold cavity of a mold, 40 ring is out of contact with said recess. 
said core having at least one recess, with axial sides, in 25. The method according to claim 24 wherein said 
a surface thereof which contacts and defines the shaft pre-form placing step comprises placing said pre-form di 
engaging surface of said seal rectly on top of said ring. 

(b) placing a pre-form of elastomer in said mold cavity 26. The method according to claim 25 wherein said 
above said ring said pre-form having a volume greater 45 surface of said core is a conical surface. 
than the volume of the mold cavity when closed 27. The method according to claim 25 including placing 

(c) compression molding said elastomeric body from said an annular metal shell in said mold cavity and bonding 
pre-form, at a temperature at which the elastoner will said elastomeric body to said shell. 
flow and the polytetrafluoroethylene will not, while 28. The method according to claim 27 wherein at least 
simultaneously forming said liner from said ring and 50 one said recess includes at least one edge where two flat 
bonding said formed liner onto a surface of said elas- surfaces of said groove meet with a v-shaped cross-section. 
tomeric body, said forming step comprising forcing B sk 
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