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RADIAL SEAL
NOMENCLATURE AND GLOSSARY—-SAE J111b

SAE Recommended Practice

Report of Nonmetallic Materials Committee approved May 1959 and last revised by

Transmission and Drivetrain Committee November 1976.

Scope—The purpose of this SAE Recommended Practice is to provide a
glossary of radial seal terms and nomenclature which are normally encoun-
tered in the design. manufacture, installation, testing, inspection. and failure
mode analysis of radial seals. The information will aid in the understanding
and communication of those people associated with radial seals.

Glossary

Angle, Helixseal Rib (2-9)!—The angle formed by the leading edge of
the rib and a line perpendicular to a plane tangent to the outside lip surface at
the centerline of the rib base.

Angle, Molded Toe (1-30)—The angle between the toe face of a seal lip
and the seal axis.

Angle, Contact Approach (1-25)—Synonym: angle, seal outside lip.

Angle Helix (2-2)-—The angle between a helical rib and the lip line of
contact.

Angle, Helix Contact (2-3)—The angle formed by the rib leading edge
and the lip line of contact.

Angle, Inside Lip (1-19)—The angle between the inside lip surface and
the axis of the seal case.

!Numbers in parehtheses refer to figure and item number in that order.
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Angle, Outside Lip (1-20)— [ he angle between Jhe outside lip surface

and the axis of the seal case.

1 CASE WIDTH 18 HEAD SECTION|

2 OUTER CASE 19 INSIDE LIP ANGLE

3 HOUSING 20\JOE FACE

4 INNER CASE 21 INSIDE FACE INNER DIAMETER
5 OUTSIDE FACE 22 ,OUTER CASE INNER DIAMETER
6 LIP LENGTH 23 SECONDARY LIP

7 INSIDE FACE 24 OUTSIDE LIP QURFACE

8 RADIAL WALL DIMENSION 25 OQUTSIDE LIP 4NGLE

9 SEAL QUTER DIAMETER 26 RIB (HELIX SEJAL ONLY)

10 HOUSING BORE 27 CONTACT LIN|

11 SPRING POSITION 28 STATIC LIP

12 SPRING GROOVE 29 INSIDE LIP SURFACE

13 GARTER SPRING 30 MOLDED TOE ANGLE

14 AXIAL CEEARANCE 31 LIP DIAMETER

15 HEEL SECTION 32 UNSPRUNG LIF DIAMETER

16 FLEXN\SECTION 33 CONTACT LINE|HEIGHT

17 SRRING RETAINING LIP 34 LIP HEIGHT

FIG: I-NOMENCLATURE FOR DETAILS OF RADIAL LIP SEAL
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CONTACT WIDTH
HELIX ANGLE

HELIX CONTACT ANGLE
HELIX CONTACT WIDTH
INSIDE LIP SURFACE
CONTACT LINE
OUTSIDE LIP SURFACE
RiB

RIB ANGLE

RIB HEIGHT

RIB LEADING FACE

RiB8 PITCH

RIB WIDTH

STATIC LIP CONTACT WIDTH

lip and the seal
Assembly, §
visions for initial
modates the radi
tion.
Base, Seal (
Bedding-In-

hxis.

-5)—Synonym: face, outside seal.
-Synonym: run-in.

pal—A group of parts, which includes sealing surfaces, pro-
loading, and a secondary sealing mechanism which accom-
hl and axial movement necessary for installation and opera-

SECTION AA

(@]

ENCLATURE FOR OUTER LIP SURFACE AND CONTACT SURFACE. DETAILS OF.RADIAL LIP S
VIEW IN PLANE OF QUTSIDE LIP SURFACE, (B) VIEW OF CONTACT SURFACE, (C) CROSS SHCTION OF RIB

¢Blister—A raised cavity or sack that deforms a sufface of the seal

ing (1-19)—The angle between the trimmed face of a seal ' material.
i Bond--Refers to\the strength of bond or vulea
elastomer surfaces{ or between cured elastomer suj

surfaces.

Bore, Housing (1-10)—A cylindrical surface wh

side diameter of the outer seal case.
Bore,"Seal Case—Synonym: diameter, outer-cage inner.
Buna-N—See: nitrile.

GARTER SPRING SEALS

.\‘\‘\“‘\ N\

L 2 Z L)

MULTIPLE LIP SEALS

FIG. 3—COMPONENTS

NO SPRING SEALS

SEALING ELEMENT
OUTER CASE

. INNER CASE
. BONDED CASE
. MOLDED CASE

6. GARTER SPRING
7. FINGER SPRING
8. BONDED WASHER
9. SPACER
10. CLINCH

FAL (HELIX SEAL

hization between cured
face and nonelastomer

ch mates with the out-
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Diameter, Unsprung Lip (1-32)—The inner diameter of the seal lip,

measured without the spring installed.

Diameter, Seal Outer (1-9)—The external diameter of a lip-seal as-
sembly. which normally corresponds to the outer diameter of the outer seal

case.

Diameter, Assembled Spring Inside-—The inner diameter of the garter

spring, with the ends securely joined.

Diameter, Spring Mean Coil—The spring coil diameter minus the spring

wire diameter.

Diameter, Spring Outside Coil-—The outer diameter of an individual

helical coil of a garter spring.
Diameter, Trimmed Lip—The lip diameter in t

he free state (no spring)

developed by knife trimming the molded portion of the sealing element to

form the contact line.

s 3 Rads Theadict L

METAL METAL AND RUBBER
RUBBER HARC RUBBER, FABRIC,
OR RESIN

FIG. 4—PRESS FIT SURFACF

Cap—That
ming.

Case, Bondgd (3-4)—A design feature of a type of radial lip seal wherein
the heel of the gealing element is attached to the seal case by an adhesive

part of the seal head section which is removed during trim-

during the moldjng operation.

Case, Clindhed (3-10)—A design feature of a type of radial lip seal
wherein the heel|of the sealing element is attached to the seal case by clamp-
ing it between tjvo convolutions, or folds, of the case.

Case, Inney (1-4, 3-3)—A rigid, cup-shaped component of a seal as-
sembly, which ig placed inside the outer seal case. It has one or more of the
following functigns: reinforcing member, shield, spring retainer, lip-clampirg
device.

Case, Mold¢d (3-5)—A design feature of a type of radial lip seal wherein
the lip and case|are made integral in the molding process.

Case, Seal-1-A rigid member to which the seal lip is attached:

Case, Outer] (1-2, 3-2)—The outer thin-wall rigid structurg of the lip-seal
assembly which |contains the inner case, the primary-seal ring, the spring
parts, and the sqcondary seal.

Cavity, Mold—A single unit or assembly of contoured parts in which a
material, such a$ an elastomer, is shaped into agparticular configuration.

Cavity, Seal—The annular area between athousing bore and a shaft, into
which a seal is ipstalled.

Checking—Bhort axial cracks on thé lip-¢ontact surface.

Clearance, [Axial (1-14)—The gap between the toe face of the head
section and the Inside surface of the.inner case.

Cocked Assgmbly—An instatlation in which the plane of the outside seal
face is not perpgndicular to th€ shaft axis.

Coil-—One furn of the toiled wire garter spring.

“¢Crack—A sharp break of fissure in the sealing element.
Creep—Th¢ time dependent part of a strain resulting from stress.
Cure Time}—The time required to produce vulcanization at a given

temperature.

1A e ll£1-2)
Ay 7

line and the seal outside diameter measured in a radi
seal in the free state.

Dry Running—Operation of a seal without lub
interface.

Durometer—An instrument which‘measures th
the penetration (without puncturing) of\an indentor
rubber.

Eccentricity, Lip ID to OD—S8e¢: variation, ra

Eccentricity, Shaft—Thewradial distance which 4
shaft is displaced from the axis of shaft rotation.

Elasticity—The pfoperty of a material which
original shape after deformation.

Elastomer—An elastic rubberlike substance, suc
rubber.

Element; Sealing (3-1)—See: lip, seal.

Elongation—The increase in length of a specim
expressed, as a percentage of the original specimen I

End'Play—A measure of axial movement enco
ally, in'reference to the shaft on which the seal lip g

Extrusion—Permanent displacement of part of
the action of fluid pressure.

Face, Inside (1-7)—That surface of the inner
usually in contact with, the fluid being sealed.

Face, Molded Toe—Synonym: face, toe.

Face, Outside (1-5)—The surface of the seal caj
shaft axis, which is not in contact with the fluid be

Face, Rib Leading (2-11)—The face of the helix
to the fluid side of the seal.

Face, Toe (1-20)—The annular surface of the §

Face, Trim (1-29)—The seal inside lip surface
ming operation.

Factor, pv—An arbitrary term which is the prog
relative sliding velocity. The term is normally cons
measure of severity of service or seal life.

Filler—A solid compounding ingredient which
finely divided form, in relatively large proportions,

Finish, Shaft Surface—See: texture, shaft surfa

¢Flash—Thin extensions of the elastomer formej
parting lines in the mold cavity or vent points.

Flashing—A rapid change in fluid state, from
dynamic seal, thi§ can occur when frictional energy is

een the seal lip contact
I direction on a finished

ication at the seal-shaft

hardness of rubber by
boint into the surface of

ial wall.
he geometric center of a

huses it to return to its

h as natural or synthetic

n due to a tensile force
kngth.

ntered or allowed, usu-
bontacts.

b seal into a gap, under

ase which faces, and is

ke, perpendicular to the
ng sealed.
seal rib which is closest

pring-retaining lip.
vhen formed by a trim-

uct of face pressure and
idered to provide some

hay be added, usually in
o a polymer.

Ce.

i by extrusion at the

liquid to gaseous. In a
added to the fluid as the

latter passes between the primary sealing faces. of

when fluid pressure is

Curing Temperature— I he temperatur Wi = T J pressure drop across the

uct is vulcanized.
¢Cut—A deep discontinuity in the seal material whereby no material is re-
moved.
Cut, Trim—Damage to the elastomeric portion of the seal during trim-
ming.
¢Deformation—A stress induced change of form or shape.

Diameter, Free-Lip—See: diameter, seal unsprung lip.

Diameter, Functional Lip—The apparent inner diameter of the seal lip -

when the seal case is concentric with the outer diameter of the sizing mandrel
in an air gage, light box, or similar inspection equipment.

Diameter, Inside Face Inner (1-21)—The inner diameter of the inner
case of a radial lip seal.

Diameter, Lip-Inner—See: diameter, seal lip.

Diameter, Molded Lip—The lip diameter in the free state (no spring)
developed by the molding operation of the sealing element to form the contact
line.

Diameter, Quter Case Inner (1-22)— The inside, or smallest. diameter of
the outer case on a lip-seal assembly.

Diameter, Lip (1-31)—The inner diameter of the seal lip, measured with
the spring installed.

sealing faces.

Flexibility, Cold—Flexibility of a material during exposure to a predeter-

mined low temperature for a specific length of time.
Flinger—Synonym: slinger.

Fluid Side—That side of the seal which in normal use faces toward the

fluid being sealed.

Fluoroelastomer—A saturated polymer in which hydrogen atoms have
been replaced with fluorine. It is characterized by excellent chemical and heat

resistance.

Force, Lip—The radial force exerted by an extension spring and/or lip of
a seal on the mating shaft. Lip force is expressed as force per unit of shaft

circumference.
Groove, Spring (1-12)—A depression formed in

the head section of the

seal. It is generally semicircular in form and serves to accommodate and locate

the garter spring.
Hardness—The resistance to indentation.

Measured by the relative

resistance of the material to an indentor point of anyv one of a number of

standard hardness testing instruments.

Hardness, Durometer—An arbitrary numerical value which indicates the


https://saenorm.com/api/?name=f3da88acd5de302d5e9bc5451dd7408c

4

resistance 10 penetration of the indentor point into the rubber surface. Value
may be taken immediately or after a very short specified time.
- Hardness, Shore—The relative hardness of an elastomer obtained by use
of a Shore durometer instrument.

Head—Synonym: section, head (1-18).

Heel-—Synonym: section, heel.

Height, Contact Line (1-33)—The axial distance from the outside seal
face to the lip contact line.

Height, Helix Seal Rib (2- 10)—The height of the helical ribs, measured
perpendicular to the outside lip surface.

Height, Lip (
toe face.
Housing (1-3

1-34)—The axial distance from the outside seal face to the

)—A rigid structure which supports and locates the seal

assembly with respect to the shaft.
Hydroseal—A sealing system having helically disposed elements formed
on the shaft surface.

¢Inclusion—~For

¢Incomplete Teffi—A trimmed surface Which does not hiave all designated  COTTAITT e WTace and are S0 centered tav e radiat

material removed|
Index, Spring
of a garter spring.
Interface—T)
which there is con
the primary seal.
Interference,
Interference,
eters.
International
to indicate the re|
sents a material
material of infinit

¢Knit Line—A Y

eign matter included in the seal material.

—The ratio of the mean coil diameter to the wire diameter

he region between thé static and dynamic sealing surfaces in
tact, or which experiences the closest approach and effects

Lip—See: interference, seal.
Seal—The difference between the seal lip and shaft diam-

Rubber Hardness Degrees (IRHD)—A standard unit used
ative hardness of elastomeric materials, where zero repre-
aving a Young’s modulus of zero, and 100 represents a
E Young’s modulus.

lemish of the sealing element created by premature cur-

_ ing during molding operation.

Lead, Shaft
movement of grin|
Leakage—Sy
Length, Deflq
ured on spring cer
normal (designed
Length, Lip
flex section and t.
Length, Spri
garter spring, it W
Life, Flex-—1
ability of a mater
test conditions.

Line, Contac}

inside lip surfaces
is illustrated as a
Lip, Auxiliar
Lip, Dirt—Sg¢
Lip, Dust—S|
Lip, Molded-|
contact line.
Lip, Primary
assembly, which o
Lip, Static (1
contact line.
Lip, Second3
outside seal face of

-Spiral grooves on a shaft surface caused by relative axial
ding wheel to shaft.

honym: rate, leakage.

cted—Refers to the working circumferential length (meas-
terline) of the garter spring with the seal lip assembled on a
shaft diameter.

1-6)—The axial distance between the thinnest part of the
e contact line,

hg Free—The total unconfined length of a spring~For a
ould not include the nib length.

he length of time to failure which indicates the relative
al to withstand dynamic bending or flexing under specific

(1-27)—The line of intersection between' the outside and
f a radial lip seal. In a cross-sectional view, this intersection
point.

—See: lip, secondary seal.

e: lip, secondary seal.

ee: lip, secondary seal.

--A type of seal lip which.requires no trimming to form the

—The normally.fiéxible elastomeric component of a lip seal
des against, the rotating surface and effects the seal.
-28)—That-section of the helix seal lip incorporating the

ry (1:23)—A short, nonspring-loaded lip, located at the
d radial lip seal to prevent ingress of atmospheric contam-

inants. Synonym

Lip=dirt: Lo _auxiliarz: Lo _dust
r r T

reduction in the coil diameter used to join the two ends in forming a garter

spring.
¢Nick—A void created in the seal material after m

olding.

Nitrile—A general term for the copolymers of butadiene and acrvlo-

nitrile.
¢Nonfill-A void in the scal material.

Offset—The radial distance between the axis of the seal bore and a<is of

shaft rotation. (Synonym: shaft-to-bore misalignment.
Qil Resistance—The measure of an elastomer’s al

)
bility to withstand the

deteriorating effect of oil on the mechanical properties.
Oil Seal—A seal designed primarily for the retention of oil.
Qil Swell—The change in volume of a rubber material due to absorption

of oil.
O-Ring—A toroidal shaped seal.

Qut-of-Round, Shaft—The deviation of the shaft cross section from a
true circle. Qut-of-round is measured as the radial distance, on a polar chart
recording, between concentric, circumscribed and inscribed circles which just

Packing, Mechanical—A deformable material'us
the passage of matter between surfaces which move in

Pitch, Helix Seat Rib (2-12)—The circumferentia)
adjacent helical ribs of a lip seal.

Plasticity—The degree or rate ap which unvul
elastomeric compounds will flow when subjected to
shear, or extrusion.

Plasticizer—A material which}” when incorporal
polymer, will change its hardness, flexibility, processah

Plunge Ground-—The surface texture of shaft or
presenting the grinding<wheel perpendicular to the
axial motion.

Polyacrylate<_A type of elastomer characterized Y
and being a cdpolymer of aikyl acrylate and some
chloroethyl ginyMether or vinyl chloroacetate.

Polymer~Generic term for an organic compoy
weight and, ‘consisting of recurrent structural groups.

Polymerization—The ability of certain organic ¢
getfier to form a single molecule of higher atomic wel

¢Poor Bond—The adhesion established by vulcani
cured elastomer surfaces, or between one cured elast
nonelastomer surface.

¢Porosity—A multitude of minute cavities in the se

Position, Spring (1-11)—The axial distance bet
line” and the centerline of the spring groove of a rag
referred to as the “R” value.

Precure—Partial cure. A term frequently used to
of a material that is given more than one cure in its

Pressure, Contact—The average pressure exerte
This pressure is computed by dividing the total lip)

contact area. Sometimes referred to as radial pressur¢.

Pressure, Lip Opening—The pressure necessy
10,000 ¢cm?/m between the contact surface of a radial
mandre! under the following conditions: the seal case ¢
1o be concentric with the mandrel and the pressuri
outside lip surface.

Pressure, Radial—See: pressure, contact.

Pressure, Seal Cavity—The pressure of a fluid H

Pressure, Spring—The contact pressure which
load.

Rate, Leakage—The quantity of fluid passing th
length of lime,

distance is minimized.
d to prevent or control
relation to each other.
displacement between

tanized elastomer and
forces of compression,

ed in elastomer or a
ility, and/or plasticity.
ear sleeve produced by
rotating shaft without

an unsaturated chain
her monomer such as

nd of high molecular

ompounds to react to-
ght.

ation between two
bmer surface and onc

pl material.
veen the “seal contact
ial lip seal; commonly

designate the first cure
manufacture.

by a seal on a shalt.
force by the total lip

ry for flowing air at
ip seal and a shaft-size
uter diameter clamped
Fed air applied 1o the

N

eing sealed.
csults from the spring

fough a seal in a given

Lip, Spring Retaining (1-17)—The portion of the primary lip that re-
stricts the axial movement of the extension spring from a predetermined

positon.

Load, Radial—The total force (load) acting on the seal lip which tends to
maintain contact of the lip on the shaft. It is the sum of the forces developed
from seal interference and the garter spring.

LOP—See: pressure, lip opening.

Lubricant, Mold—The substance used to coat the surfaces of a mold to
prevent the elastomer from adhering to the mold cavity surface during vulean-

ization.

Lubricant Starvation—Lack of proper lubrication at the scal interface

which may cause
Modulus, Ru

ure of resistance t

premature wear and early failure.
bber--The tensile stress at a specitied elongation. \ meas-
o deformation.

Modulus, Young’s—The ratio of the stress to the resulting strain (the

latter expressed as
of the force).

a fraction of the original height or thickness in the direction

¢Mold Impression—A molded imperfection on the surface of the seal.
Monomer—A single organic molecule usually containing carbon and
capable of additional polymerization.

Nib, Spring -

-A short end section of an extension spring formed by a

Rarc—Sprimy=Fte—force—md it

tension, which is re-

quired fur extending the worklng length of a spring a unit distance.

Rate, Wear—The amount of seal contact surface

wear per unit of time.

Relaxation, Stress—A characteristic of an elastomer wherein a gradual

increase in deformation is experienced under constan
deformation.

t load, after the initial

Resilience—In elastomer or rubberlike materials subjected to and re-

lieved of stress, resilience is the ratio of ¢nergy given u

p on recovery from the

deformation to the energy required to produce the deformation. Resilience fin

an elastomer is usually expressed in percent.

Resistance, Cold — The ability of a seal or sealing material to withstand
the effects of a low temperature environment without loss of serviceability

Resistance, Heat—The ability of a seal or scalin
deteriorating effects of elevated temperatures.

Resistance, (Ozone—The ability of a material t
orating effects of ozone {surface cracking).

¢ material to resist the

» withstand the deterr

Rib (1-26, 2-8) —A long, narrow projection which is normally triangutar
in cross-section and which is molded into the outside lip surface of a helix seal.

It is oriented at an angle to the shaft axis. One end of t
seal-lip contact surface.

he rib forms part of the

Roughness—-Irregularities in shaft surface texture which result from the

production process. {See SAE J448.)
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