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SEALS: APPLICATION GUIDE TO RADIAL LIP

1. INTRODUCTION: This recommended practice is intended as a guide,fo the use of
radial| 1ip type seals. It has been prepared from existing 1jterature, which
includes standards, specifications, and catalog data of both,oil|seal
producprs and users and includes generally-accepted information and data.

The malin reason for the preparation of the recommended practice {s to make

standapd information available in one document to thelusers of o]l seals.

2. SEALING SYSTEMS: There are two general classes ofysealing systems:

(a) e standard 1ip seal operating on a conyentional mating surface.

(b) astohydrodynamic sealing systems which incorporate supplemental
spaling devices on the seal.

2.1 Standard Sealing Systems: Seal manufacturers are generally standardized on
The blonded construction, single or’ double 1ip, with or without springs and
with lor without inner cases. _€oated or molded rubber outside djameters are
a varliation of each class. .Table 1 depicts the more standard seal types.
Seald of an assembled construction are also used, predominantly|with leather
or pdlytetrafluoroethylene sealing elements. These 1ip seal designs prevent
leakdge in dynamic and static applications by controlling interference
betwden the seal lipiand the mating surface. Standard seals wifll function
satigfactorily incan’application only if the following conditiops are met:

2.1.1 The seal lipmaterial is chosen for its ability to function upder the
environmerdtal conditions to be encountered.

2.1.2 The seal is manufactured to tolerances established herein.

SAE Technical Board Rules provide that: “This reportis published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1987 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.



https://saenorm.com/api/?name=24be3f5f534ac65c8266851b6c147753

J946 SArE Page 2

®

2.1.

2.1

2.1.

2.2

2.2.

2.2.

3 The shaft surface is prepared as in paragraph 4.1 and the applications
dynamic characteristics, that is shaft roundness and dynamic runout, shock
loading, or deflection, are within 1imits that will establish and maintain
a satisfactory oil film. Special care must be taken to insure that the
shaft surface is free of lead if the standard sealing system is to
function properly (refer to paragraph 4.1).

.4 The seal is installed properly as outlined in paragraph 4.15.

5 Maintaining the above four basic sealing requirements in production is not
always econgmica]ly feasible. In certain applications, a supplementary

sealinﬂﬁu&m@a&mﬂw&mﬂu&aﬁnices should
not be considered a substitute for a reduction in quality of the shaft and

seal.

Elastohydrodynamic Sealing Systems: These systems utilize supplemental
sealingd features, generally protrusions or depressions Jocated on or
adjacent to the sealing 1lip, which transfers lubricant>in a predetermined
directijon.

1 Unirdtational: A seal incorporating helical ribs located on thle outside
surfa:e which may or may not terminate in ajstatic 1ip. Fig. 1

illusitrates schematics of some of the more. popular designs which have

reached the commercial market.

2 Birotational: A seal incorporating configurations located on the outside
11p surface which functions independent of direction of shaft rptation.
Fluid transfer capability is generally lower than that of the
unirotational designs, which neduces their potential to tolerate seal and
shaft] imperfections. Figs..2 and 3 are examples of this type o|ff seal.

FACTORS AFFECTING SEALING: (_Environmental conditions dictate the type of

materiall which should bewused in a specific application, so seal materials
can be fully evaluated-only in terms of the specific operating conditions and
performance requirements. Seal material-lubricant compatibility ik generally
the governing factor. Because of the importance of seal material-flubricant
compatiblility, existing data and experience of both user and suppljiier should
be fully| considered. If adequate information is not available, it| is
recommended that candidate seal materials be evaluated for signifitant
changes [in properties and in the actual application lubricant at nprmal
operating-temperatures. Particular importance should be given to [those
properties most directly arfecting seal performance, such as volume swell (or
shrinkage) and hardening (or softening). These evaluation tests should be of
sufficient duration to establish the long-term effects. It is also
recommended that consideration be given to the effect of potential
temperature extremes, particularly high-temperature compatibility and
low-temperature flexibility characteristics of both new and lubricant-aged
seal materials.
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3.1

Seal Material:

The following paragraphs give general descriptions of the

acceptable uses of elastomeric compounds, plastics, and leather, along with

some of their advantages and disadvantages.
normal lubricant bulk-oil operating temperatures.

The temperature ranges refer to
Acceptable upper and

lower temperature 1imits may vary based on specific seal material and
desian, and are subject to substantial variations due to particular

material-lubricant compatibility differences.

extreme limits, the seal supplier should be consulted.

3.1.1
to
Tim
ope

3.1.1.1 A

(¢

3.1.1.2 D

Leather:

(¢
(d)

t to 107°C (225°F).
ation temperature exceeds 85°C (185°F).

vantages:

Toughness - withstands difficult assembly,
Accommodation of fairly rough shaft finishes.
Good dry-running characteristics.

Good low-temperature characteristics.

2 )

j sadvantages:

Excellent abrasion resistance.

(§

—

3.1.2 Nit

)
D)

~ile Compounds({NBR): Their operating range is -45 to +124

Poor heat resistancé-when combined with high shaft spee

Nonhomogenous makeup can cause variations in performang

+25
-45
Tow
ext
for

etcl

7°F). When compounding a seal material for a low-temperaty
PC (-50°F )5-\the upper temperature 1imit of 125°C (257°F) my
sred. Conversely, when compounding for the high-temperatur
reme 1ow-temperature flexibility is sacrificed. Nitrile is
genéral use in retaining lubricants and excluding mud, dir

These compounds have low-volume swell in Tow-aniline poi

The seal manufacturer must be consult]

When conditions approach

Leather is satisfactory for applications involving oil, grease
or foreign matter having temperatures within limits of -55 to +

85°C (-67
temperature
ed if

d.
e.

°C (-50 to
re Timit of
st be

e 1imit,
recommended
't, water,

nt oils.

The
3.1.2.1

| nitriles are in the low cost range of oil seal compounds.

Advantages:
(a)

(b)
(c)
(d)
(e)

Fair-dry running characteristics.
Good processing.

Good low-temperature characteristics.
Good 0il resistance.

Good abrasion resistance.
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3.1.2.2

3.1.3

Disadvantages:

(a) Lack of exceptional heat resistance.
(b) Tendency to harden during continuous high-temperature usage.

Polyacrylic Compounds (ACM): Recommended for applications where

3.1.3.1

3.1.3.2

3.1.4

temperatures are within -18 to +150°C (0 to +300°F). If the shaft run out
is lTow, some compounds may be used at temperatures as low as -40°C. They
are in the medium cost range of seal compounds.

(a)| Resistant to EP type additives.
(b)| Good moderate-temperature performance.
(c)| Good oil resistance.

Disadvantages:

(a)| Fair low-temperature properties withchigh shaft runout.
(b)| Poor dry-running characteristics.
(c)| Fair abrasion resistance.

Ethylene Acrylic Compounds (AEM):<~Recommended for applications|where

mediulm cost range of seal compounds.

3.1.4.1

3.1.4.2

3.1.5

tempefratures are within -40 to(#165°C (-40 to +329°F). They are in the

Advantages:

(a)| Good temperature range.
(b)| Reasonable.abrasion resistance.
(c)| Good.moisture resistance.

Disadvantages:

(a) Poor dry-runnina characteristics.
(b) High swell characteristics in some fluids.

Silicone Compounds (VMQ): Recommended for applications where temperatures

are within -55 to +175°C (-67 to +345°F). The maximum usable temperature
is limited by the decomposition temperatures of the various lubricants.
Silicone rubbers are in the medium cost range of seal compounds.
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3.1.5.1 Advantages:

(a) Good temperature range.

(b) Excellent low-temperature properties.

3.1.5.2 Disadvantages:

(a) High swell characteristics in some oils.

(b) Poor chemical resistance to oxidized oils and some EP additives.

(c]) Poor dry-running characteristics.

(d) Easily damaged during assembly.

3.1.6 Fludroelastomer Compounds (FKM): Recommended for appl ications| where
temperatures are within -40 to +200°C (-40 to +392%F). They ajre in the
high cost range of seal compounds.

3.1.6.1 Advantages:

(d) Excellent fluid resistance.

(§) Fair dry-running characteristics.

(¢) Excellent retention of original modulus and hardness in both dry
heat and fluid service.

3.1.6.2 Djsadvantages:

(a) Use caution with low-temperature service since FKM sealls will leak,
but not crack, under high shaft runout conditions when |subjected to
temperatures’ Tow enough to cause compound stiffening.

(b) Specia¥'tooling is frequently required.

3.1.7 Polytetrafitoroethylene Compounds (PTFE): Recommended for applications

3.1.7.1

whiEh are chemically damaging to elastomers and for extreme temperatures

mai
seal

compounds.

Advantages:

(a)
(b)
(c)
(d)

Superior fluid and heat resistance.

Excellent dry-running characteristics.

Low coefficient of friction.

within -240 to +260°C (-400 to +500°F). Some flexibility will be
-] s o

range of

Withstands higher pressures than shown in Table 2.
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3.1.7.2 Disadvantages:

(a)
(b)
(c)

3.1.8 Fluorosilicone Compounds (FVMQ):

Easily damaged during assembly.

Limited ability to follow eccentric shafts due to high stiffness.

Some compounds are abrasive to the point that shaft wear can be a

problem.

They are recommended for appl

where temperatures are within -55 to +200°C (-67 to +392°F).

emperature

usabl
Tubri

3.1.8.1 Ady

cant involved. They are in high cost range of seal compod

antages:

(a)
(b)

3.1.8.2 Dig

Excellent 0i1 and fuel resistance.
Good temperature range.

advantages:

(a)
(b)

Lubric4d
the add
recomme
of lubr
applica
product
themsel

3.2

3.2.1 Matern

Fair dry-running characteristics.
Low abrasion and cut resistance:

nt:
Ttives used to achieve particular lubrication character1st
nded that material-lubrication compatibility be evaluated
icants adequatly representing those that might be used in
tion. Lubricant decomposition as a result of heat, combus
s, etc., should also’be considered, since decomposition pr
ves significantly.affect seal materials.

ial-Lubrication Compatibility Tests: Shown below is a 1is

prope
maten
maten

rty changeslimits intended to be used by the 0il formulato
ial manufacturer, and the seal user as a guideline for det
ial/lubrication compat1b111ty

PROPERTY CHANGE LIMITS

ications

The maximum

of the
nds.

Lubricants vary not only,'in their base stock, but especially in

ics. It is
on a number
the
tion
pducts may

ting of the
r, the seal
ennining

Spring Loaded Non-sprung
Seals Seals
Hardness (Shore A) 90 Max. 90 Max.
Elongation ~-50% Max. -50% Max.
Volume Change -5 to +25% -5 to +10%
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3.2.1.1

3.2.1.2

3.2.1.3 T

3.4

The lubrication oil and/or grease formulators must be able to measure
the effects of their product on standard compounds. ASTM D-2934
provides these standard formulations for most polymer systems, as well
as a source for direct purchase.

The seal material formulators must be able to measure the effects of
standard lubrication on their compounds. Examples of standard
lubricants are ASTM Cils #1, #2, #3 and #5, Service Fluid 102, Fuel B,
etc. ASTM D-471 provides pertinent data on these and other standard
fluids, as well as a source for direct purchase. ASTM D-4289-83

describes methods of determining compatibility of greases with
elastomers.

seal users must be able to ascertain the compatibility)of the
fluid/compound combinations that will be used in particujar
applicaticns. They must have some insight into the actual temperatures
td be encountered and employ these temperatures in-their compatibility
tdsting. The temperature of immersion must mirrop-as closely as
pdssible the actual application temperature. Jhe' time of immersion
testing should be established by the part longevity required

Prioperties should be measured at periodic intervals, such as
h| etc., to detect trends and/or extrapolate to the desired
Hgwever, included in the preceding is a caution against usin
tHan actual service conditions as a means of shortening test

(70 h, 168

longevity.
g higher

duration.

011 oxidation, additive reactivity,cand additive depletion are a
fuynction of temperature only. Additionally, water and air (pxygen)
ingestion can markedly increasethe potency of the effect of| oil on seal
cgmpounds. The immersion condition should resemble the appliication
cqndition as closely as possible, including the use of the agrtual media
wHen possible.

ature: Seal material-lubricant compatibility over the normal
Tng temperature vange is generally the governing choice factor, but
te consideration-'must be given to the effects of the possiple
ature extremés—{low and high) on both seal material and lupricant
itself. Time and.temperature relationships cause irreversible changes in
eal material and lubricant, as well as the interactions beftween them.
temperatures, seal materials will harden temporarily and ubricant
ity will increase temporarily. Leakage, seal fracture or bnormal
aytoccur. This stiffening of the seal material may result in an
i1ity of the seal lip to follow shaft deflections, thus causling Tow
temperature leakage. The effect of shaft interference and/or pressurée on
the seal is heat generation at the seal-shaft interface. Higher shaft
speeds and/or pressures result in higher seal 1ip temperatures and in a
greater differential between the 1ip contact surface and bulk oil
temperatures, thus effectively changing the viscosity of the lubricant under
the seal 1ip. These factors should also be considered in establishing
material-lubricant compatibility.

Time: Material-lubricant compatibility tests should be of sufficient
duration to establish that compatibility is maintained over the required
1ife of the seal.
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APPLICATIONS DESIGN DATA:

Seal performance is greatly influenced

design.
is neces

Proper engineering of the components which affect the sea
sary for seal reliability. The following should be consid

by product
1 assembly
ered at the

design stage of a new sealing application or where existing applications are
being updated.

4.1

Shaft Surface Roughness:

Shaft surface roughness is a prime fact

proper

as 0.25~0.50 micrometers (10-20 microinches) with no machine lead.
Section 9 for the recommended shaft lead detection method.)
for typical traces.
roughness measuring machine is 0.75 mm or 0.030 in).

functioning of a 1ip seal. The surface roughness should b

Refe
(The recommended “"cutoff" setting on the sur
The best kn

for ob
recommg

4.1.1 The ¢

ratiq.

4,1.2 A cru

dress

4.1.3 Durin

in/mi

4.1.4 Alway

the n
4.2 Shaft D

3

aining this roughness 1s plunge grinding. The following- 1
nded manufacturing process for plunge grinding:

rinding wheel-to-work piece ratio should be a low,.nonwhol
(Example: 10.5:1 not 10.0:1.)

sh-dress or a cluster head diamond dress should be used fq
ing rather than a single point diamond tools:

g wheel dressing, the traverse speed should be very Tow (1
n) or very high (at least 10 in/min).

s "spark-out" to aid in the elimination of lead transfer e
onwhole number grinding wheel-td-work piece ratio.

iameter: The shaft diameterishould be held within the tol

shown 1
upon be

4.3 Shaft H

n Table 3, although greater shaft tolerances may be used W
tween user and supplier.

ardness: Under nommal conditions, the portion of the shaf

by the
conclug
resista
shaft 1
recomme
against

4.4 Wear S1

seal should be hardened to Rockwell C30 minimum. There i§
ive evidence that hardening above this will increase the w
nce of the shaft except under extreme abrasive conditions.
s liable to _be nicked in handling previous to assembly, i
nded that St be hardened to Rockwell C45 minimum in order
being pe€rmanently damaged during assembly.

eevés: Where the use of wear sleeves is considered, harde

or in the

e specified
(See:

r to Fig. 4
face

own method
s the

e number

r wheel

ess than 3

ven with

erances
hen agreed

t contacted
no
ear
Where the
is
to protect

ned shafts

general
made fr

ly-are not required. Wear sleeves, either soft or hardene

d, can be
re

recommended for shafts made of cast iron or other soft méteria]s, and permit

the replacement of wearing surfaces coincident with 0il seal changes.

New

wearing surfaces generally are required with the replacement oil seal.

4.5 Offset:
seal bo
from th

shorten

Offset is defined as the radial distance between the axi
re and the axis of shaft rotation. O0ffset is normally cal
e tolerance stackup on the engineering drawings. Seal 1if
ed by excessive offset. Offset results in uneven wear. F

s of the
culated
e can be
rom a good

practice standpoint, the offset should be kept under 0.25 mm (0.010 in) TIR.



https://saenorm.com/api/?name=24be3f5f534ac65c8266851b6c147753

Page 9 sar J946

®

4.6

4.7

4.8

4.9

Dynamic Runout: Generally, the shaft runout should be kept below 0.25 mm

{0.010 in) TIR. It must be pointed out that as shaft rpm increases it

becomes more difficult to seal on a shaft with runout due to the inability
of the seal to follow the shaft high-frequency camming effect.

Shaft Lobbing or Out-of-Round: This condition can be caused by mechanical

assembly, such as bolting a fTlywheel onto the end of a shaft, and can cause
seal leakage. Since different seal designs and materials can exhibit
different performance levels related to this condition, it is recommended
that the seal supplier be consulted.

Bore anU‘SEaT—TUTErancEs1——*he—bore—and—sea+—te+efaﬁees—sheWﬂ—4F Table 4
apply |only to ferrous materials. When a nonferrous material sugh as
aluminum is used, the seal manufacturer should be consulted:

Bore Surface Roughness: On applications where a lubricant head [is present

againgt the outside diameter of the seal, if the bore surface rgughness is
approximately 2.54 micrometers (100 microinches) AAcor smoother, no outside
diameter leakage problems should be encountered provided no tool marks are
present. If the surface is rougher than 2.54 micrometers (100 microinches)
AA, a|case OD sealer should be used to insure that no outside diameter
leakage occurs. A case 0D sealer is usually/a resinous or rubbgr-like
materjal applied by the seal manufacturer ‘to the outside diameter of the
seal.| Most seal manufacturers can supply-seals precoated with gn 0D
sealant. User supplied cements or sealers should be used with dare to
prevent contact with the sealing 1ip.~ On grease sealing applications, a
bore kealer generally is not required.

4.10 Preskure: Standard design radial 1ip type oil seals should not be used

4.11

4.13

when| the operating pressurélexceeds the 1imits shown in Table 2. When
varipble surge pressureséxceeding these Timits are present, a special
condlition exists and the~seal manufacturer should be consulted Higher
operpting pressures-are acceptable if a customer seal design i
conslidered. Howeven, when a pressure seal is used, features s ch as the
abillity to accommodate offset and runout are generally sacrificed.
Whenever possible, the design should be such that the system i$ vented to
atmosphere.~This will allow the 1ip seal to function more effjciently.

Shaflt Lead Corners: To prevent damage to the seal 1ip and to acilitate
Tnstallation, the leading edge of the shaft should have a chamfer or
radiuss i i i i uch| that the
seal 1ip can be assembled without damage. This is especially critical if
the diyection of shaft entry through the 1ip is from the media side. (See
Fig. 5).

Bore Lead Corners: The lead corner of the bore should be chamfered to
Tacilitate efficient installation of the seal as shown in Fig. 6. Note
that, when possible, it is preferred that the chamfer be machined during
the bore finishing operation rather than being cast in to maintain
concentricity between the bore and the lead chamfer.

Shaft and Bore Sizes: Whenever possible, shaft and bore sizes should be
sejected from RMA standard size tables. See Tables 3, 4 and 5.
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4.14

Cocked Assembly: A factor in the proper functioning of a 1ip seal is the

installed squareness of the outside seal face with respect to the normal
shaft centerline. Keeping this value within 0.08 mm (0.003 in) for every
25 mm (1 in) of seal outside diameter with a maximum of 0.5 mm (0.020 in)
is considered good general practice. A maximum of 0.25 mm (0.010 in) TIR
when measured at the seal 0D is considered a good general practice for
automotive seal sizes. This squareness is obtained by pressing the seal
flush with the front of the bore or bottoming the seal against the back of
the bore. It is recommended that the seal case be designed so that a seal
of maximum width is pressed approximately flush with the front of the
bore. By doing this, various seal widths can be accommodated if the bore
is suffici i n Fig. 7
should be used to press the seal into place. Whether a seal i3
flush|with the bore face or bottomed on the back of the boré ‘(Fi
9), the surface it is aligned with should always be a machined {
Unfinished surfaces should never be used for alignment purposes
the danger of cocking the seal in the bore.

installed
gs. 8 and
urface.
because of

Seal Installation: A1l surfaces which the seal Tip\must slide qver during

assembly should be smooth and free from rough spots. To prevent damage to
the sg¢al 1ip, special installation tools should-be used if the dealing
element slides over splines, keyways, or holes'or if the seal i9 assembled
toe first. Assembly procedure should be carefully reviewed so that seal
1ips dgre not turned under at assembly. A-light film of grease dr oil
appligd to the shaft or seal 1ip priorto the assembly of elastgmeric seals
will decrease the probability of damage during assembly.

5. SPRING:| A spring is incorporated in the design of most elastomerilc 1ip seals
to provide a uniform load at the(seal lip-shaft interface. There |are two
types of springs currently in use, the garter spring and the finggr spring.

5.1 Garter |Springs: The following are generally accepted terminology, design

criteria, tolerances, and-inspection methods for close-wound gartler springs.

5.1.1 Gartdr Spring Terminclogy:

5.1.1.1 Injtial Tension: The force required to cause initial separatlion of

adjlacent coils of a garter spring.

5.1.1.2 Sprling-Rate: The force, independent of initial tension, required to

extend the length of a garter spring a unit distance.

5.1.1.3 Stress Relieving: A heat treatment of the unassembled coiled spring to

relieve stresses caused by the spring coiling process. It is intended

to insure that the spring force will not change in service due to

exposure to heat.

Stress relieving should only be specified when the

spring is expected to function at temperatures exceeding 100°C (212°F).
The temperature of stress relief must always be higher than the expected

ser

is 200°C (400°F) for carbon steel and 260°C (500°F) for stainless.

vice temperature.

The most common minimum stress-relief temperature

It

must be pointed out that stress relieving reduces the maximum obtainable

ini

tial tension. Because of this, care must be taken in spec

ifying

stress-relieved springs to insure that they can be economically

man

ufactured.
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5.1.1.4

5.1.1.5

5.1.1.6

5.1.1.7

5.1.1.8

5.1.2 Matepial:

5.1.2.1

5.1.2.2

5.1.2.2.1

Compressive Force: The radial force exerted by the garter spring in its
working position, expressed in units of force per unit of inner
circumference.

Spring Load: The total load or tension at a given length which is a
combination of spring rate and initial tension. Load measurements are
convenient for manufacturing and quality control purposes.

Free Length: The unassembled length of the garter spring not including
the "nib" or tapered portion, as shown in Fig. 10. This calculated
dimension is specified for reference only and is obtained by multiplying
pi 314159 ) by the assembtedspring—inner—diameter—plus—the wire
digmeter.

Tept Length: The length to which the spring must be extended to measure
The spring load. Recommended practice is to set this‘at the|design
stretch length or, optionally, at 110% of the free'dength.

Paksivate: To treat (a metal) to render its stirface less reactive
chemically.

Carbon Steel Spring Wire: Acceptable grades are SAE 1050 through 1095
TAIST C-T050 through C-T095).

Sthinless Steel Spring Wire: .Acceptable grades are SAE 3030 through
30304 (AIST Type 302 through ~Type 304).

Coating: Stainless steel spring wire is supplied with a cpating to
decrease coiling die"wear and to act as a lubricant during|the coiling
operation. The most’common coatings are 1ime and soap, lipe and oil,
and copper. Unless copper coating is required for visual
identification| )it is best to leave the choice of coating to the
spring manufacturer.

5.1.2.2.2 [Passivation: Passivation changes a chemically active surface to a

Tesser-reactive state and may be required to insure maximufm corrosion
resistance in stainless steel wire springs. The removal of
nonmetallic coatings with alkaline cleaners is preferred prior to

. } i i itric acid at 60 to
700C (140 to 160°F) for five minutes or until clean. Follow with

a rinse in water. Copper coatings will also be removed. Since
passivation adds to costs, it is recommended that it not be specified
unless absolutely necessary.

5.1.2.3 Other Materials: Springs of other materials are available, for example,

Brass, or inconel, for specialized applications. These materials are
considered special and it is recommended that the designer contact the
spring supplier for design details.
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5.1.3 Tolerances:

5.1.3.1

5.1.3.2

5.1.3.3

Wire Diameter:

possible to meet the required tension specification.

It is recommended that the wire diameter be specified as
a reference dimension to allow the manufacturer as much latitude as

If the wire

diameter must be held, +0.03 mm (0.001 in) is the recommended

tolerance,

The following are the tightest acceptable tolerances and

should only be specified when absolutely necessary:

Whe
raf

Coi

WIRE DIAMETER PLUS OR MINUS
0.15 - 0,25 mm 0,008 mm
(0.006 - 0.010 1in) (0.0003 in)
0.28 - 0.38 mm 0.010 mm
(0.011 - 0.015 in) (0.0004 in)
0.41 - 0.48 mm 0.013 qum
(0.016 - 0.019 in) (0,0005 in)

0.50 - 0.69 mm

(0.020

0.027

0.71 - 0.86 mm

(0.028

0.034

0.015 mm
in) (0.0006 in)
0.18 mm

in) (0.0007 in)

n specified, the wire diameter should be such that a coil4to-wire

1 Diameter:

Var
(0]

AsS

tio of at least 5.3:1 is maintained.

The recommended tolerance is +0.13 mm (0.005

in).

iation in_coil diameter within any one spring must not exdeed 0.08 mm

003 in).

embled>Inner Diameter:

to
mar

The internationally recommended practice is

base‘“the inner diameter tolerance on the diameter of the Wire used to

ufacture the spring.

This is due to the fact that, since

one end of

th

how accurately the I.D. can be controlled.

Spring screws into the other, the diameter of the wire determines

are as follows:

The recommended tolerances
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5.1.3.3 (Continued):
I1.D. TOLERANCE

WIRE DIAMETER PLUS OR MINUS
0.15 - 0.28 mm 0.20 mm
(0.006 - 0.011 in) (0.008 in)
0.30 ~ 0.48 mm 0.30 mm
(0.0TZ = 0,019 1) te-612—m)
0.50 - 0.76 mm 0.40 mm
(0.020 - 0.030 in) (0.015 in)
0.80 - 1.40 mm 0.50 mm
(0.031 - 0.055 in) (0,020 in)
5.1.3.4 ring Load: The tolerance to be appliéd is +0.14 N (0.5 oz) or +20%,

fchever is greater. Note that this tolerance is to be applied to

ring load specified at a given test length, not to a load [at a given
ongation. The reason for the distinction is that specifying a test
ngth forces the spring manufacturer to take into account variations in
ring length while specifying’an extension does not. (A shorter spring
st be stretched more to reach a given test length.)

Em—'mmil_‘_(g

5.1.4 Inspection:

5.1.4.1 Assembled Inner Diameter: Inspection may be accomplished by use of a
taper gauge as shown in Fig. 11. In no case, should a point-to-point
rasuring device, such as verniers, be used because the flexibility of
ne spring makes it impossible to obtain accurate measurements with
nese instruments.

becialized instrument capable of extending the spring to the test
ength with an accuracy of at least 0.02 mm (0.001 in) and measuring the

m
t
t
5.1.4.2 Spring-<load: Measurement of spring load requires the use of a
3
]
r

5.1.4.3 Spring Joint (NIB):

5.1.4.3.1 Joint Strength: Joint strength is not measured or specified as a

iven value but is controlled to a minimum requirement by use of an
inspection gauge similar to that shown in Fig. 11. A spring that has
acceptable joint strength will pass over the largest diameter of the
gauge (1.35 times the nominal I.D.) without disassembly. Note that
this may be a destructive test.

5.1.4.3.2 Allowable Gap: The maximum allowable gap is three wire diameters as
shown in Fig. 10.
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5.1.4.4 Spring Wind-up: Spring wind-up is the tendency of an assembled spring
to deform from a flat surface. Excessive wind-up results in the spring
assuming a "figure eight" configuration. For acceptable springs, the

figure eight must snap back to the original circular form when dropped
approximately 300 mm (12 in) onto a flat, hard surface.

5.1.4.5

Stress Relief:

When stress-relieving is specified, the recommended

method of inspection is to subject an unassembled spring to the
specified temperature for a minimum of 30 min and then, after cooling,

measure the spring load.

specifications.

5.2 Finger

The spring must still meet the original load

Springs: Finger springs are available from some seal man&facturers.

They ai

DRAWING

re generally used in assembled seals and can be subject ‘to
not handled carefully.

DESIGNATION: In the absence of a standardized drawing for

reconmended that the SAE standard drawing (Fig. 12) beltused as def

Section

QUALIFI(

10.2.

ATION TESTS: Refer to SAE J110.

INSPECT ]

ON AND QUALITY CONTROL DATA: This section is intended to

a guide

8.1 Radial

and 1s not to be substituted for either vendor or supplier

Wall Variation: Refer to Fig. I3 for a diagram of radial

dimensi
compara
rotateq
are ta

For the recommended tolerances for elastomeric seals, refer to Ta

8.2

Lip Opening Pressure:

on. Radial wall variation is- checked through the use of §
tor. The seal outside diameter is placed on a base and tH

through 360 deg while the maximum and minimum dimensional
en. Radial wall variation is the difference between thesé

Used as a measure of the consistency of ma

the 1i

established during ¢he first three production runs of that seal.

8.2.1 Reco

opening pressure limits for a given seal design are norma

mended Tolerances: Refer to Table 3.

8.2.2 Air H

low Method for Gaging Lip Opening Pressure: The 1ip openi

of th

betwe

e seal assembly shall be gaged by means of an airflow occy

en)the seal 1ip and a test mandrel when air pressure is ap

the air side of the seal.
commercially.

8.2.2.1

Satisfactory equipment is available
The procedure is as follows:

damage if

mat, it is
cribed in

be used as
procedures.

wall

n optical

e seal is
readings
readings.

ble 3.

nufacture,
My

ng pressure
rring
plied from

The seal case shall be mounted over the mandrel in a retainer fixture

and be held concentric to the mandrel within 0.05 mm (0.002 in) TIR.

8.2.2.2

prevented by means of O-rings or other suitable gaskets.

Air leakage around the seal case and around the mandrel pilot shall be
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8.2.2.3

8.2.¢.

nN
Y

8.2.2.5

8.2.2.6
8.2.2.7

8.2.2.8

8.2.2.9

8.3 Radial| Load:

The test mandrel shall be equivalent to the mean of the shaft diameter
1imits specified on the seal drawing with a mandrel diameter tolerance

of +0.013 (0.0005 in).

The test mandrel shall have a surface roughness of 0.40 micrometers (16

microinches) AA or less.

The seal shall be placed in the test fixture so that air pressure is

applied to the outside face of a single-1ip seal or between

the 1ips of

a double-1ip seal, with care being taken to insure that an auxiliary 1ip

does not interfere with the reading.

The seal 1ip opening shall be gaged at a flow of 10 000 cc/m]

Tol minimize material relaxation effect, the air pressuré sha]
increased from zero at a uniform rate such that the 1ip’ open

shall be read within 3 - 6 seconds.

When both 1ip opening pressure and seal 1ip inside diameter
are to be taken consecutively, the seal 1ip inside diameter

n.
1 be
ng pressure

measurements
shall be

melasured first to avoid errors due to deformation of the material.
Rebeat measurements on the same seal shallvnot be taken withjn 16 h of a

1ilp opening pressure measurement.

Melasurements are to be taken at a room temperature above 16°C (60°F).

THe seal shall be exposed to room temperature for at least
measuring.

Tn the experimental seal stages, but has not yet been generally

a production quality control-measurement.

T h before

This is a measurement that is useful to the seal designer and

accepted as

This measurement shoulld be used

only i|f equipment and procédures have been agreed upon by both seal user and

suppliler.
8.4 Insidd Diameter: Thére are two types of inside diameter presently used in
the sdal industrys’ They are seal 1ip diameter and functional 1ip diameter.
8.4.1 Seall Lip Diameter: Refer to Fig. 13 and Table 3.
8.4.1.1 0ftical Comparator Method: In one technique using an opticall
cdmparator, the seal 1ip diameter is measured in several posfitions and

an average taken.
speed.
more rapid involves the determination of the average radial
dimension. The seal 1ip diameter is then equal to the seal
diameter minus twice the average radial wall dimension.

The main disadvantage of this technique is lack of
A technique using the optical comparator which is automated and

wall
outside
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8.4.1.2 Tapered Shaft by Light Method: This is an acceptable method of
approximating the seal Tip diameter. While it does not measure diameter
in the free state, it does give an acceptable approximation of the seal
1ip inside diameter. In this method, a shaft with a taper-to-length
ratio of approximately 1:25 is used with a Tight source below. The seal
is lowered until no light can be seen between the seal 1ip and the
shaft. The seal 1ip diameter is read from markings on the shaft.

8.4.2 Functional Lip Diameter:

8.4.2.1 Airflow Method for Gaging Functional Lip Diameter: The functional lip
diameter of the seal assembly can be measured by means of an airflow
between the 1ip and a mandrel of known size when the air is applied at a
standard pressure. The procedure is as follows:

8.4.2.1.1 he seal case shall be mounted over the mandrel inra retaiping fixture

nd be held concentric to the mandrel within 0.05.mm (0.00R in) TIR.
8.4.2.1.2 Apir leakage around the seal case and around the’ mandrel pijot shall be
revented by means of 0-rings or other suitable gaskets.
8.4.2.1.3 The test mandrel diameters shall be the same as specified for maximum
nd minimum 1ip diameters with a mandrel tolerance of +0.0]3 mm

0.0005 in)., The measurement using.the minimum diameter mandrel shall
e made first.
8.4.2.1.4 The test mandrel shall have a.surface roughness of 0.40 mi¢rometers
16 microinches) or less.
8.4.2.1.5 The seal shall be placed in the test fixture so that air pressure is
pplied to the outsideCface.

8.4.2.1.6 An air pressure of 3.5 kPa (0.50 psi) shall be used.

8.4.2.1.7 The airflow between the seal 1ip and the minimum diameter test mandrel
hall be equal”to or less than 10 000 cc/min.
8.4.2.1.8 MWhen bothy"\1ip opening pressure and seal 1ip diameter measurements are
0 be taken consecutively, the seal 1ip diameter shall be measured
irstito avoid errors due to deformation of the material. |Repeat
easurements on the same seal shall not be taken within 16 [h of a lip

§.4.2.1.9 Measurements are to be taken at a room temperature above 16°C (60°F).
The seal shall be exposed to room temperature for at least 1 h before
measuring.
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8.4.2.2

8.4.3 Recommende

Light Box Method: In this method, the seal outside diameter is held

concentric to a test mandrel. High and lTow limit functional inside
diameter mandrels are arranged with 1ight sources underneath them. Test
seals are then positioned into the fixtures, noting the 1ight passing
between the seal 1ip and the test mandrel. On the high 1imit mandrel,
the seal 1ip must preclude all light to be acceptable (indicating that
it is smaller than the mandrel); while on the lTow 1imit mandrel, the
seal 1ip must allow light to pass. By using mandrels in increments of
0.13 mm (0.055 in), the actual seal functional 1ip diameter can be
determined.

pstomeric

Tip [seal diameters are shown in Table 3. Functional inside-digmeter

tolerance ranges are frequently the same as those for seal \lIip| diameter;
however, under certain conditions, the functional 1ip diameter| tolerance
ranges may be greater.

8.5 Sprind Axial Position: The spring axial position is)the axial diistance

betwedn the projected intersection of the inside gnd>outside 1ip| surface and
the ceanterline of the spring coil diameter (center plane of the ppring) with

the spring in position and the seal located ona shaft.

8.5.1 MetHod of Measurement: The primary method to be used is desigpated "On

8.5.1.1

8.5.1.2

Shafit Casting and Sectioning Method"._ An alternate, nondestrugtive method

escribed as the "Electrical Continuity Spring Location".

Shaft Casting and Sectioning:' The seal to be measured is placed in a

xture that simulates the shaft and housing bore assembly. | This

xture can be constructed.of various materials suitable for] polishing
d adhesion to a potting-material. The shaft is to be concentric with
e housing bore within-0.05 mm (0.002 in) TIR. The seal and fixture

e then encapsulated—in a potting material such as a dentall casting
aster or an epoxy having a shrinkage or not more than 2%. | The

sembly is then _cross-sectioned through its center in a ventical plane
d polished. “Care must be taken not to distort the seal during the
ctioning operation. The spring axial position is now measured by

ewing thé cross-section using either a reflective optical comparator
a toolmaker's microscope. This method is the most accurate but is

t practical for measuring large quantities of seals.

SO< N VT U ck V ~Hh—HoO

red is

placed on a device equivalent to the one described in SAE Paper No.
740204, "Spring Position Measurement", presented at the 1974 SAE
Automotive Engineering Congress and Exposition. The spring axial
position is determined by adding the correction factor to the micrometer
reading. This method is suitable for single case seals having
sufficient clearance for a probe.
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8.5.2 Recommended Tolerance:

The recommended tolerance for spring axial

position trom seal to seal is 0.5 mm (0.020 in) total for molded contact
1ine seals, and 0.6 mm (0.024 in) total for trimmed contact line seals.
The recommended tolerance for spring position within one seal is 0.25 mm
(0.010 in) total for molded contact line seals, and 0.40 mm (0.015 in)

total

for trimmed 1ine seal.

employing a variable spring axial position as a design feature.
supplier should be consulted for spring axial position tolerances for

these designs.

The spring axial position tolerance should not

These tolerances do not apply for seals

The

allow the

centerline of the coil diameter (center plane of the spring) to shift from
one side of the projected intersection of the inside and outside 1ip

surfgees—to—the—others
8.6 Contact Line Height Variation: Contact line height variation s |the
differdnce between the maximum and minimum axial dimensions ‘from|the seal
contact line to the outside face. See Fig. 14.

8.6.1 Measyrement: The recommended method of measuring.contact 1ine |height
varigtion is the use of a microscope and prism arranged as shown in Fig.
15. |In this method, the contact line height variations read directly as
the qeal is rotated above a fixed center. The'method is easy flo use and
offens a good degree of repeatability. Necessary equipment is |inexpensive
and does not require tooling for each seal:size. Since the sedl contact
line |is viewed in its free position, handling should be minimiZed to avoid
distdrtion. One method of minimizing-distortion is to insert 4 shaft-size
mandnel concentric with the seal 0,D. prior to measuring.

8.6.2 Recommended Tolerances: Recommended tolerances for limiting cdntact line
height variation shall be within and shall not exceed the maximum
allowable spring position tolerance. See paragraph 8.5.2,

8.7 Sealing Edge Roughness: Sealing edge roughness refers to the condition of

the sun

8.7.1

Determination:

face on the seal‘‘that forms the seal to shaft interface.

Optical examination using magnification is rec

determine seal «edge roughness.

used.

8.7.1.1 Avd

8.7.1.2 Sur

A minimum of 7X magnification
Conditions that should be noted are the following:

rage contact line roughness.

See Fig. 16.

ended to
ould be

ine, such

as defects due to dirty mold surfaces, inclusions in the compounds, and

voi

8.7.1.3

ds.

Angular marks on the outside 1ip surface adjacent to the contact line.

These marks may be part of the design on elastohydrodynamic seals.

8.7.1.4
len

"co
16.

gth (approximately 6 mm or 1/4 in).
ntact line height variation" and "contact 1ine roughness".

Any deviation that exists in a small increment of seal contact line
This differentiates between

See Fig.
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8.7.2

Production Measurement: The method above will not lend itself to volume

8.8 Vi

seal examination. If volume examination is required, it may be
accomplished by the use of a suitable mechanical measuring device with a
reasonable degree of confidence. When using these devices, they should be
periodically referenced against some optical method.

sual Radial Lip Variations:

8.8.1

Identification of Visual Radial Lip Variations: The variations described

8.8.2

and shown in this section are the result of manufacturing and handling
variations and in no way are intended to describe variations as a result
of Seryices . , A A ial Jip type
sealls are shown in Fig. 17. These variations are shown in the|areas where
they| normally occur. They may occur at other places on the'seal and on
other seal types. Reference radial seal nomenclature and{glossary SAE
J111| for definition of terms.

Location of Visual Elastomeric Variations: The location of an|elastomeric

8.8.2.1

variation is very significant. Figure 17 shows the surface arga on a
single-1ip and a dual-1ip seal by letter. EachCarea is define.

Area A - Primary Lip Contact Area: The 4ip of any single-1ip seal is
the primary 1ip. If a multiple-Tip seal is used for fluid retention,
the fluid-retaining 1ip is the primary-1ip and contaminant-excluding
1ips are secondary 1ips. If a multiple-lip seal is not used to retain a
fluid, the primary 1ip would be the most critical 1ip. A sepl could
have two primary lips if two fluids are separated by a multiple-Tip
sdal. The maximum wear anticipated on the primary 1ip estab]lished the
bdundaries of Area A.

8.8.2.2 Area B - Seconday Lip Contact Area: The secondary lip or lips are

wdar anticipated oh.the secondary 1ip or 1ips establishes the boundaries

i%tended for dirt, dust, or other contaminant exclusion. The maximum
off Area B.

8.8.2.3 Arnea C - Flex!Sections and Other Critical Areas: The flex section, the

8.8.2.4

8.8.2.5

rdmainder _of the primary and secondary 1ips not included in Areas A and
B, and any’other flexing and critical areas constitute Area (.

Adea D~ Seal 0.D.: The seal outer diameter where contact ils provided
with the mating bore constitutes Area D.

Area E - Seal Endface: The endface of the seal which serves to locate
The seal axial in the mating bore constitutes Area E. On some
applications, Area E and G could be reversed from that shown in Fig. 17.

8.8.2.6 Area F - Interior Areas: A1l nonfunctional interior areas constitute

Area F.

8.8.2.7 Area G - Exterior Areas: A1l nonfunctional exterior areas constitute

Area G. On some applications, Areas E and G could be reversed from that
shown in Fig. 17.
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8.8.3 Primary Function of Seal: The primary function of a seal is determined by
the purpose of its primary 1ip. The primary functions are defined.

8.8.3.1 Fluid Retention: The primary function of the seal is considered to be
fluid retention if the primary 1ip is used to retain fluid.

8.8.3.2 Grease or Other Semifluid Retention: The primary function of the seal
is considered to be grease retention if the primary 1ip is used to
retain grease or some other semifluid material.

8.8.3.3 Dirt or Other Contam1nant Exc]us1on The pr1mary Funct1on of the seal

is considered to b to exclude
dirt or some other nonliquid contaminant.

8.8.4 Significance of Visual Elastomer Variations: Visual vari@tions can have
significance depending upon:

1. The primary function of the seal.
2. Their location on the seal.

3. The magnitude of the variation.

Tabl¢ 6 provides a 1ist of all variationsishown in Fig. 17. The list is
divided into three sections with one section provided for each type of
primgry seal function. Figure 17 isiused in conjunction with Table 6 to
determine the significance of the .wvariation. The steps required are
outlined below:

a. ldentify variations using-Fig. 17.

b. Determine variation(locatien using Fig. 17.

¢c. Determine primary:function of seal using paragraph 8.8.3.
d. Determine significance of variation using Table 6.

This |procedure will establish the variation as critical, major,| or minor.

The gignificance of these terms is as follows:
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8.8.4.1 Critical: The designation "critical" means that the variation is

detrimental to fluid or grease retention and/or contaminant exclusion.
Usage of seals with critical variations is not recommended.

8.8.4.2 Major: The designation "major" means that the variation may or may not

be detrimental to the primary function of the seal. Usage of seals with
major variations must be determined by a careful review of:

1. Service requirements.

2. Magnitude of variation.

3.| Consequences of seal failure.

Al designations in Table 6 listed as "major" should be'revigwed prior
td initiation of inspection standards. Those areas deSignated "major"
wHich are detrimental to the specific application under consiideration

should be redesignated as “critical". The decision as to the
ddtrimental nature of each variation should be: predetermined by testing
arld not left to the judgment of the inspectors

8.8.4.3 Minor: The designation "minor" means the variation is not detrimental

Td the primary function of the seal. Usage of seals with mijor
vdriations is permissible.

8.8.5 Optical Magnification: It is not the intent of this section to encourage

or discourage the use of opticalcmagnification to view the varjiations
depicted in Fig. 17. The variations shown are intended to be [identifiable
with the naked eye. Optical'magnification, however, can be a valuable

too] in evaluating the typé-and significance of variations observed.

8.8.6 Customer Supplier Relationship: Special care should be taken before a

9.
9.1

variation in area A.Js classified "critical" on a specific sedql design.
As $tated above, visual variations can have a varied significance. The
only positive way of determining if a variation is critical i to subject
the|seal to operating conditions. Several types of pneumatic |devices now
in Use attempt to define whether or not a variation in Area Alis
critical. The use of these or other inspection devices to replace or
supplement visual inspection is determined by agreement between supplier
and| customer.

SHAFT LEAD DETECTION METHOD:

Shaft Lead: Spiral grooves can be generated on a shaft surface by the
reTative axial movement of the finishing tool during the finishing
operation. This condition, known as shaft lead, can have an effect on the
sealing properties of a mating radial 1ip type 0il seal. Lead may be
detected and quantified by placing a thread (220 deg - 240 deg wrap angle)
and a suspended weight (28 g (1 o0z)) around a leveled shaft and slowly (60
rpm) rotating the shaft. If the thread transverses back and forth as the
direction of rotation is reversed, shaft lead is present.
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9.2 Equipment Required to Detect Shaft Lead: The shaft can be checked for lead
by chucking it in a lathe that can be reversed. Special test machines can
also be constructed with small reversible variable speed electric motors to
drive the test piece. In some cases, the unit has been mounted on a
comparator. The surface of the shaft and the thread are magnified on the
screen of the comparator. This magnified view is helpful in measuring the
rate of thread advance when the shaft is rotated.

9.3 Procedure to Detect Shaft Lead:

9.3.1 Mount shaft or sleeve in holding chuck, then check and adjust to insure
shaft4 i t be level.

9.3.2 Lightly coat the shaft or sleeve with a 5 to 10 cst viscosity gilicone oil.

9.3.3 A thnead ](Be]ding, Lily - Article #3288, 100% extra strong quilting
thregd 0.23 mm (0.009 in) diameter is recommended) i$-draped over the
surfgce of the shaft and a 28 g (1 0z) weight is attdched at a|distance
beloy the shaft to create a string-to-shaft contact arc of 220 |to 240 deg.

9.3.4 Adjugt rotational speed to 60 +5 rpm,

9.3.5 Obsenve the axial movement of the thread while the shaft rotatds. Reverse
the direction of shaft rotation. Place“the thread both at the |center and
edgeq of the shaft to observe for movement.

9.4 Interpretation of Results:

9.4.1 CW on Right Hand Lead (Fig. 18a): The tread will advance from [the fixed
or arbor end of the shaft towards the free end when the shaft is rotating
clockwise (CW). The thread’will move from the free end of the [shaft
towands the fixed end for/counterclockwise (CCW) rotation.

9.4.2 CCW dr Left Hand Lead (Fig. 18b): The thread will advance from the fixed
or arpor end of the shaft towards the free end when the shaft ils rotating
counter clockwise (CCW). The thread will move from the free end of the
shafy towards{the fixed end for clockwise (CW) rotation.

9.4.3 No Ledad: . Thread remains stationary at the center and ends of the shaft
for both directions of shaft rotation.

9.4.4 Tapered Shaft (Fig. 18c): Thread moves across the surface in the same
direction for both directions of shaft rotation. Remounting the shaft
end-for-end reverses the direction in which the thread moves across the
shaft.

Tunwaxed dental floss or a monofilament line of approximately 0.13 mm
(0.005 in) may be substituted for quilting thread.
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9.4.5 Non Level Shaft: Thread moves across the surface in the same direction

9.4.6

9.4.7

9.5 Definition of Lead Angle:

9.6

]0.
10.1

10.2

tor

both directions of shaft rotation.

Remounting the shaft end-for-end

does not reverse the direction in which the thread moves across the shaft.

Crowned Shaft (Fig. 18d):

directions of shaft rotation.

Cup

ped Shaft (Fig. 18e):

directions of shaft rotation.

Thread moves away from the center for both

Thread moves toward the center for both

The lead of a shaft can be compared with other

shaft

is the

the p
requi

For e
30 s

A 50

in 30|s at 60 rpm) will have a lead angle of 0.0970 = 5 min 49 s

Lead $pecification:

g4 of different diameters by calculating a lead angle.
angle whose tangent is found by dividing the string adva
Y
rted to advance the string the measured amount.

String Advance

lead angle = Arctan

oduct of the shaft circumference (in) and the numbercof re

The [lead angle

e (in) by
volutions

n a 100 mm (3.937 in) diameter shaft rotating at 60 rpm.

Lead angle = ArCtanif_TTgﬁg_T3UT = 0,049 deg = 2 min

m (1.968 in) diameter shaft with the same advance (8.0 mm

zero
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ith a tolerance of +0¢05 deg (+3 min).

IX:

btandards:
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appl
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Seal
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1ine
just

Stan

d be utilized to the fullest extent possible on new radial
jcations. Availability of parts conforming to all listed g
velope(dimensions is not presently guaranteed by members g
Division of RMA. It is their intention, however, to be gd
h standards in the continuing expansion of their individual

ample, it is found that a string will advance 8.0 mm (0.31

It is recommended that the T1ead angle of th

These standards embody current optimum design

77 (Shaft Diameter]) (Number: of Revolutigns)

5 in) in

56 sec

(0.315 in)
ec.

e shaft be

ractice and
lip seal
ombinations
f the 0il
verned by
product

sCas more widespread acceptance of standard bonded radial 1

ip seals

ifies expenditures for mecessary tootings

dard SAE Drawing Form:

This SAE recommended oil seal drawi

Takl n Q
See—Tabtes—2,—3; and 5.

ng format

(Fig. 12) is a composite of all the engineering applications and seal

spec

ification data that might be required to assure functional

compatibility of an elastomeric radial 1ip seal with a specific

appl
requ

ication,
ired that it be followed precisely as shown.

This format is intended only as an example and it is not
It is understood that

standard engineering practices as employed by some users will not require
that this amount of detailed information be shown on the print since it may
be recorded elsewhere in their engineering standards, material

spec

ifications, etc.

In those cases, it is recommended that the format

and/or sketches be suitably altered to meet the user's requirements.
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10.2

10.3
10.4
10.5
10.6

(Continued):

The seals specification data shall be furnished by the seal supplier in
conjunction with the user. This data and information must be such that
they are compatible with the engineering application data as supplied by
the user.

Seals - Testing of Radjal Lip: See SAE J110.
Seals - Terminology of Radial Lip: See SAE J111.
Seals -F Evaluation of ETastohydrodynamic: See SAE J1002.

Fluid pealing Handbook - Radial Lip Seals: See SAE J1417.
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1cap

TRIMMED L#P / FRIMMED LW /
KNIFE KNIFE

c 0

SEALS SHOWNIN BIGS. 1A AND 18 HAVE A MOLDED LIP. THE EXCESS MATERIAL IS REMOVED
BY TEARING (THE CAP FROM THE MOLDED PART ON DESIGN 1A AND BY A KNIFE ON DESIGN
18. THE HELICAL RIBS IN BOTH DESIGNS TERMINATE AT THE CONTACT POINT OF THE STATIC
UPp.

SEALS . SHOWN IN FIGS. 1C AND 1D ARE TRIMMED LIP SEALS; THAT IS, A KNIFE TRIMMING
OPERATION FORMS THE CONTACY LIP AS THE EXCESS MATERIAL IS REMOVED. THE MEUCAL
RI8S PROTRUDE AT THE CONTACY POINT AND MUST BE COMPRESSED TO PREVENT THE SEAL
FROM LEAKING WHEN THE SHAFT IS NOT ROTATING PRIOR TO INITIAL OPERATION,

FIG. 1 - VARIOUS UNIROTATIONAL ELASTOHYDRODYNAMIC SEAL DESIGN CONCEPTS



https://saenorm.com/api/?name=24be3f5f534ac65c8266851b6c147753

J946

d
»
an

Page 26

-l A

PORTION OF SEAL 'LI®

ATM SIDE ’

PATTERN

XIS TTT

SECTION A-A

FIG. 2 - BIROTATIONAL ELASTOHYDRODYNAMIC SEAL: RIBS
PROTRUDING IN OPPOSITE DIRECTIONS PRODUCE SEALING
IRRESPECTIVE OF DIRECTION OF> SHAFT ROTATION

CONTACTING. SHAF T _.‘ l.._ LIP

OIL SIDE

ARROW "A"

[

LIP CONTACT PATTERN AS VIEWED
IN DIRECTION OF ARROW "A"

FIG. 3 - BIROTATIONAL ELASTOHYDRODYNAMIC SEAL: TRIANGULAR
DEPRESSIONS OR PROTRUSIONS IN CIRCUMFERENTIAL PATTERN
IN OUTSIDE LIP SURFACE PRODUCE SEALING IRRESPECTIVE
OF DIRECTION OF SHAFT ROTATION
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ACCEPTABLE AXIAL
SURFACE ROUGHNESS RE=( 108A)
PROFILE (EXAMPLE SHOMN)
Scale: R3=0.33 micrometers

VERT.=0.005 mm/Div
{0.00002 in/Div)

HORZ.=0.05 mm/Div
{0.002 in/Div)

STYLUS SIZE=2.5 micrometers
(100 microinch)
TIP RADIUS

(13 microinch)

H1
- H

Ra=(20RA)

(EXAMPLE SHOMWN)

Ra=0.50 micrometers
(20 microinch)

T
) S o e

"

UNACCEPTABLE AX]AL

1880

SURFACE ROUGHNE$S
PROFILE

1. Any plateau where a series of peaks and valleys exceeds an overall

height of V.78 micrometer (31 microinch) for an axial distance

greater than 0,076 mm (0.003 inch)

2. Any one (2) valley where:
0 to 0.78 micrometer
(0 to 31 microinch)

THESE CORNERS

MUST BE BURR
FREE

1
i

1.75 - 3.00
—(0.069 - 0.118)

0.05 mm plateau
(0.003 inch*plateau)

VALLEY-PEAK. MO PEAK
AXIAL DISTANCE

FIG. 4 - TYPICAL TRACES OF SHAFT SURFACE ROUGHNESS PROFILES

A\~

|

g

\'5/30 DEG

MUST BE SMOOTH AND FREE OF NICKS AND ROUGH SPOTS
omensions ake mm (inch)

FIG. 5 - RECOMMENDED SHAFT LEAD CORNERS
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13/30 DEG
!

1.50 - 2.30
—~ — (0.059 - 0.090)

W\Q/— B s e o

FIG. 6 - RECOMMENDED BORE LEAD CORNER

FACE MACHINED
SQUARE WITH BORE

INSTALL ATION
TOOL

FACE MACHINED INSTALLATION
SQUARE WITH BORE TOOL

A SEAL FLUSH WITH BORE FACE

§

FIG. 7 - THROUGH BORE:

BORE
B. SEAL INSERTED BEYOND BORE FACE

INSTALLATION TOOL BOTTOMS ON MACHINED BORE FACE
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BACK MIN R

MACHINED AS CAST BORE FRONT
SQUARE WITH
BORE

INSTALLATION
TOOL

T2
/|

FIG. 8 - BOTTOM BORE: SEAL BOTTOMS ON MACHINE BORE SHOULDER

AS CAST GORE FRONT

| )

§
C
/

A

INSTALLATION
TOooL

BORE

FIG. 9 - _THROUGH BORE: INSTALLATION TOOL BOTTOMS ON SHAKT

1

o— FREE LENGTH —e
— ke 3T0 342

1 70 2 TAPERED —— STRAIGHT
coiLs PEReD : ‘. ACTIVE cons

;i‘-o T0 11/2

‘ W m ggEESRSIZE
L— -

FREE LENGTH: (FREEID+ @)

COIL DIAMETER = D
WIRE DIAMETER PRIOR TO COILING: ¢

FREE 1 D* FREE LENGTH - o o ;J‘.QSEIDEEASSIEM.EBT%%D* 10

FIG. 10 - SPRING NOMENCLATURE
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[—— Min, Assembled I.D.

}—— Max. Assembled I.D.

1.35 wxnominal I.D.

2

FIG. 11 - SPRING INSPECTION GAUGE
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RADIAL WALL
DIMENSION
“ e
+ SEAL 0D i»— L SEAFDLIP
]
Lea SECTION AA
FIG., 13 - RADIAL WALL DIMENSION
CONTACT LINE

&

— %)

wer om—I

\—— OUTSIDE FACE

FIG. 14 - CONTACT LINE HEIGHT VARIATION

REF WT

- NCROSCOPE_ WITH
WTEDEEYEHECE FOR

T MEASUREMENT

/— PRISM

b

-

a3

77

/

IFIG., 15 - MEASUREMENT OF CONTACT LINE HEIGHT VARIATION

DIMENSIONS ARE mm (IN)

INCREMENT FOR OBSERVING CONTACY
LINE VARIATION DEFINING CONTACT

LINE ROUGHNESS

FIG. 16 - SEALING EDGE ROUGHNESS
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KNIFE TRIMMED DUAL LIP SEAL

MOLDED SINGLE LIP SEAL

®

Bl L
\ A
© E
UNBONDED ©
BLISTER e
P 4
C "’\;\ =
N\
SCOOP =
[TRIM TEAR
POROSITY A 4
FLASH
INCOMPLETE TRIM A —_J booR
INCLUSION woLo—l/ BOND
™~ DEFORMATION I I IMPRESSION
SURFACE CONTAMINAT t
KNIT LINE AREAS D
STEP TRIM hoLoen %
PERTAIN
NON FILL \ e,
ROUGH TRIM
CuUT OR N/
CRACK
SPIRAL, TRIM
SCRATCH

FIG., 17 - VISUAL ELASTOMER VARIATIONS

E, F, AND G ON THE
NGLE LIP SEAL

0 THOSE SURFACES
Y BONDED FLASH
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THREAD
THREAD ADVANCE
ADVANCE Q Free
. End
Fixed or E;ﬁe Fixed or
Chucked End Chucked End
' Rotation
C O (o)
\\;¥ \ ~ = Rotation
(CCW)
FIG. 18a - CW OR RIGHT HAND LEAD
THREAD
ADVANCE THREAD
Fixed or Free ADVANCEH
Chucked End Fixed 6r Free
End Chucked End
Rotation
(CCH) ()
Rotation
(CW)
FIG. 18b.- CCW OR LEFT HAND LEAD
ADVANCE Q ADVANCE
Fixed or e Free , Fr
hucked >, End A Fixed or ee
“e Chucked / End
Rotation End
(CW) (
Rotation
(CCw)

FIG. 18c - TAPERED SHAFT
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THREAD
O THREAD ADVANCE
ADVANCE .
Fixed or DVA Free Free
Chucked End Fixed or End
End [/ [\ Chucked End//
C L\
\ Rotation \
Rotation
(CW) (CCW)
FIG. 18d - CROWNED SHAFT
THREAD THREAD
ADVANCE ADVANCE Q
Fixed or Free Fixed or Free
Chucked End f End Chucked End
f Rotation End /
(CW)
\
Rotation

!

FIG. 18e - CUPPED SHAFT
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TABLE 1

USES OF STANDARD SEAL TYPES

Cross Section

Type

General Appl

ication

].

Bonded
loaded

single 1ip,

non-spring

Low cost design

for viscous

fluid and grease retention

ilakialy

o
.
g
]
"’

™,
N

Bonded
loaded

Bonded
loaded

Bonded
loaded

Bonded
case

Bonded
cdse

8. Assembled
construction

double 1lip,

single lip,

double 1ip,

single \lip,

double Tip,

non-spring

spring

spring

with inner

with inner

loaded rubber 0.D. - can also
be supplied in designs 1,
2, 3, 4 and 5

Single and multiple 1ip with

and without springs

Low cost, design
fluid or grease
with dust, dirt,
moisture exclusi

011 sealing appl
and severe greas
applications

General o0il seal
cations and seve
sealing applicat
dust, dirt, and
exclusion

for viscous
retention
and

on

ications
e sealing

ing appli-
re grease
ions with
moisture

Provides all st
features plus a
inner case for
structural rigi

Provides all sta
features plus a
inner case for

ndard
ditional
reater
ity

dard

structural rigidity

aluminum

and magnesium housings

Special applications
dependent upon the material

selected
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TABLE 2
OPERATING PRESSURE LIMITS
TABLE 2a TABLE 2b
SHAFT SPEED MAXIMUM PRESSURE SHAFT SPEED MAXIMUM PRESSURE
FEET/MI‘IUTE P.S.l METERS/MINUTE kPa
0TO u{oo 7 0TO 300 50
1001 TO 00O 5 301 TO 600 35
2001 AND UP 3 601 AND UP 20
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TABLE 3a
OIL SEAL STANDARD TOLERANCES - INCHES
SINGLE AND DUAL LIP SPRING LOADED BONDED SEALS
Shaft ;| LOP? Pressure|
Shaft Diameter | Tolerance| I.D. Range Range RWV™ Max | Radial Load Range
Thru 3.000 | +0.003 0.040 Nominal 0.025 Nominal Load +45%
= Pressure -
3.001 to 6.400 | +0.004 0.050 +30% with a 0.030 Nominal Load +40%
minimum range -
6.001 to 10.400 | +0.005 0.060 of 4 psi 0.040 Nomilnal Load +40%

1. Tentative

I.D. will be established at the time of the -design of a g

iven seal.

Nominal l.D. will be established based upon the analysis of three production

runs.

2. Nominal 1|ip opening pressure will be established for a given seal b

the analysis of a minimum of three (3).significant production runs.

silicone

seals require a larger range.

3. Radial wal1 variation (0.D.-I.D. eccentricity) will be measured by

or shadowgraph method.
element allowed to relax for 24 h.

It is measured with the spring removed and

TABLE 3b
OIL SEAL STANDARD TOLERANCES - mm
SINGLE AND DUAL. ETP SPRING LOADED BONDED SEALS

ased upon
Preswelled

the optical
the sealing

LOP2 Pressure

Shaft 1 3
Shaft Diameter | Tolerance| I.D. Range Range RWV™ Max | Radipl Load Range
Thru 75.0 +0.08 1.0 Nominal 0.6 Nomipal Load +45%
- Pressure -
75.01 to 150.0 +0.10 1.3 +30% with a 0.8 Nomipal Load +40%
- minimum range ' -
150.01 to 250.0 +0.13 1.5 of 0.25 Bars 1.0 Nominal Load +40%

1. Tentative I.D. will be established at the time of the design of a given seal.
Nominal I.D. will be established based upon the analysis of three production

runs.

2. Nominal 1ip opening pressure will be established for a given seal based upon
the analysis of a minimum of three (3) significant production runs.

silicone seals require a larger range.

Preswelled

3. Radial wall variation (0.D.-1.D. eccentricity) will be measured by the optical
or shadowgraph method.

It is measured with the spring removed and the sealing
element allowed to relax for 24 hours.
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