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Application Guide to Radial Lip Seals

1. Scope—This SAE Recommended Practice is intended as a guide to the use of radial lip type seals. It has
been prepared from existing literature, which includes standards, specifications, and catalog data of both oil
seal producers and users and includes generally accepted information and data. The main reason for the
preparation of the document is to make standard information available in one document to the users of oil
seals.
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3. Sealing Systems—There are two general classes of sealing systems:

a. The standard lip seal operating on a conventional mating surface.
b. Elastohydrodynamic sealing systems which incorporate supplemental sealing devices on the seal.

3.1 Standard Sealing Systems—Seal manufacturers are generally standardized on the bonded construction,
single or double lip, with or without springs, and with or without inner cases. Coated or molded rubber outside
diameters are a variation of each class. Figure 1 depicts the more standard seal types. Seals of an
assembled construction are also used, predominantly with leather or polytetrafluoroethylene sealing elements.
These lip seal designs prevent leakage in dynamic and static applications by controlling interference between
the seal lip and the mating surface. Standard seals will function satisfactorily in an application only if the
following conditions are met:

3.1.1 The seal lip material is chosen for its ability to function under the environmental conditions to be
encountered.

3.1.2 The seal is manufactured to tolerances established herein.

3.1.3 The shaft surface is prepared as in 5.1 and the application's dynamic characteristics, that is shaft roundness
and dynamic run out, shock loading, or deflection, are within limits 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 5.1).

3.1.4 The seal is installed properly as outlined in 5.15.

3.1.5 Maintaining the four basic sealing requirements in production is not always economically feasible. In certain
applications, a supplementary sealing device may be necessary. However, the use of these devices should
not be considered a substitute for a reduction in quality of the shaft and seal.

3.2 Elastohydrodynamic Sealing Systems—These systems utilize supplemental sealing features, generally
protrusions or depressions located on or adjacent to the sealing lip, which transfers lubricant in a
predetermined direction.

3.2.1 UNIROTATIONAL—A seal incorporating helical ribs located on the outside surface which may or may not
terminate in a static lip. Figure 2 illustrates schematics of some of the more popular designs which have
reached the commercial market.

3.2.2 BIROTATIONAL—A seal incorporating configurations located on the outside lip surface which functions
independent of direction of shaft rotation. Fluid transfer capability is generally lower than that of the
unirotational designs, which reduces their potential to tolerate seal and shaft imperfections. Figures 3 and 4
are examples of this type of seal.

4, Factors Affecting Sealing—Environmental conditions dictate the type of material which should be used 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 is generally the governing factor.
Because of the importance of seal material-lubricant compatibility, existing data and experience of both user
and supplier should be fully considered. If adequate information is not available, it is recommended that
candidate seal materials be evaluated for significant changes in properties and in the actual application
lubricant at normal operating temperatures. Particular importance should be given to those properties most
directly affecting 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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FIGURE 1—USES OF STANDARD SEAL TYPES
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MOLDED LiIP

Seals Shown in Figures 2A and 2B have a molded lip. The excess material is removed by tearing the cap from
the molded part on design 2A and by a knife on design 2B. The helical ribs in both designs terminate at the
contact point of the static lip.

Seals shown in Figures 2C and 2D are trimmed lip seals; that is, a knife trimming operation forms the contact lip
as the excess material is removed. The helical ribs protrude at the contact point and must be compressed to
prevent the seal from leaking when the shaft is not rotating prior to initial operation.

FIGURE 2—VARIOUS UNIROTATIONAL ELASTOHYDRODYNAMIC SEAL DESIGN CONCEPTS
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FIGURE 3—BIROTATIONAL ELASTOHYDRODYNAMIC SEAL: RIBS PROTRUDING
IN OPPOSITE DIRECTIONS PRODUCE SEALING IRRESPECTIVE
OF DIRECTION OF SHAFT ROTATION
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FIGURE 4—BIROTATIONAL ELASTOHYDRODYNAMIC SEAL: TRIANGULAR DEPRESSIONS
OR PROTRUSIONS IN CIRCUMFERENTIAL PATTERN IN OUTSIDE LIP SURFACE PRODUCE
SEALING IRRESPECTIVE OF DIRECTION OF SHAFT ROTATION

4.1 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. The temperature
ranges refer to normal lubricant bulk-oil operating temperatures. Acceptable upper and lower temperature
limits may vary based on specific seal material and design, and are subject to substantial variations due to
particular material-lubricant compatibility differences. When conditions approach extreme limits, the seal
supplier should be consulted.
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4.1.1 LeaTHeEr—Leather is satisfactory for applications involving oil, grease, or foreign matter having temperatures
within limits of -55 to +85 °C (67 to +185 °F). Special leather treatments may increase the upper
temperature limit to 107 °C (225 °F). The seal manufacturer must be consulted if operation temperature
exceeds 85 °C (185 °F).

4.1.1.1 Advantages

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

Good low-temperature characteristics
Excellent abrasion resistance

®oo o

4.1.1.2 Disadvantages

a. Poor heat resistance when combined with high shaft speed
b. Nonhomogeneous makeup can cause variations in performance

4.1.2 NITRILE CoMPOUNDS (NBR)—Their operating range is - 45 to +125 °C (- 50 to +257 °F). When compounding
a seal material for a low-temperature limit of - 45 °C (- 50 °F), the upper temperature limit of 125 °C (257 °F)
must be lowered. Conversely, when compounding for the high temperature limit, extreme low-temperature
flexibility is sacrificed. Nitrile is recommended for general use in retaining lubricants and excluding mud, dirt,
water, etc. These compounds have low volume swell in low aniline point oils. The nitriles are in the low cost
range of oil seal compounds.

4.1.2.1 Advantages

Fair dry-running characteristics

Good processing

Good low-temperature characteristics
Good oil resistance

Good abrasion resistance

®ao0 o

4.1.2.2 Disadvantages

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

4.1.3 PoLYACRYLIC ComPOUNDS (Acm)—Recommended for applications where temperatures are within -18 to
+150 °C (0 to +300 °F). If the shaft run out is low, some compounds may be used at temperatures as low as
-40 °C. They are in the medium cost range of seal compounds.

4.1.3.1 Advantages

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

4.1.3.2 Disadvantages

a. Fair low-temperature properties with high shaft run out
b. Poor dry-running characteristics
c. Fairabrasion resistance

4.1.4 ETHYLENE AcRYLIC CoMPOUNDS (AEM)—Recommended for applications where temperatures are within - 40
to +165 °C (- 40 to +329 °F). They are in the medium cost range of seal compounds.
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4.1.4.1 Advantages

a. Good temperature range
b. Reasonable abrasion resistance
c. Good moisture resistance

4.1.4.2 Disadvantages

a. Poor dry-running characteristics
b. High swell characteristics in some fluids

4.1.5 SiLicoNe ComPoOUNDS (VMQ)—Recommended for applications where temperatures are within - 55to +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.

4.1.5.1 Advantages

a. Good temperature range
b. Excellent low-temperature properties

4.1.5.2 Disadvantages

High swell characteristics in some oils

Poor chemical resistance to oxidized oils and some EP additives
Poor dry-running characteristics

Easily damaged during assembly

apow

4.1.6 FLUOROELASTOMER CoMPOUNDS (FKkM)—Recommended for applications where temperatures are within - 40
to +200 °C (- 40 to +392 °F). They are in the high cost range of seal compounds.

4.1.6.1 Advantages

a. Excellent fluid resistance
b. Fair dry-running characteristics
c. Excellent retention of original modulus and hardness in both dry heat and fluid service

4.1.6.2 Disadvantages

a. Use caution with low temperature service since FKM seals will leak, but not crack, under high shaft run
out conditions when subjected to temperatures low enough to cause compound stiffening.
b. Special tooling is frequently required.

4.1.7 POLYTETRAFLUOROETHYLENE COMPOUNDS (PTFE)—Recommended for applications which are chemically
damaging to elastomers and for extreme temperatures within -240 to +260 °C (-400 to +500 °F). Some
flexibility will be maintained down to - 80 °C (- 110 °F). They are in the high cost range of seal compounds.

4.1.7.1 Advantages

Superior fluid and heat resistance

Excellent dry-running characteristics

Low coefficient of friction

Withstands higher pressures than shown in Tables 1A and 1B.

apow
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4.1.7.2 Disadvantages

a. Easily damaged during assembly
b. Limited ability to follow eccentric shafts due to high stiffness
c. Some compounds are abrasive to the point that shaft wear can be a problem

TABLE 1A—OPERATING PRESSURE LIMITS—METRIC

Shaft Speed Maximum Pressure
(Meters/Minute) (kPa)
0 to 300 50
301 to 600 35
601 and up 20

TABLE 1B—OPERATING PRESSURE LIMITS—INCH/POUND

Shaft Speed Maximum Pressure
(Feet/Minute) (psi)
0 to 1000 7
1001 to 2000 5
2001 and up 3

4.1.8 FLUOROSILICONE ComMPOUNDS (FymMQ)—They are recommended for applications where temperatures are
within - 55 to +200 °C (- 67 to +392 °F). The maximum usable temperature is limited by the decomposition
temperature of the lubricant involved. They are in high cost range of seal compounds.

4.1.8.1 Advantages

a. Excellent oil and fuel resistance
b. Good temperature range

4.1.8.2 Disadvantages

a. Fair dry-running characteristics
b. Low abrasion and cut resistance

4.2 Lubricant—Lubricants vary not only in their base stock, but especially in the additives used to achieve
particular lubrication characteristics. It is recommended that material-lubrication compatibility be evaluated on
a number of lubricants adequately representing those that might be used in the application. Lubricant
decomposition as a result of heat, combustion products, etc., should also be considered, since decomposition
products may themselves significantly affect seal materials.

4.2.1 MATERIAL-LUBRICATION COMPATIBILITY TESTS—Shown in Table 2 is a listing of the property change limits

intended to be used by the oil formulator, the seal material manufacturer, and the seal user as a guideline for
determining material/lubrication compatibility.

TABLE 2—PROPERTY CHANGE LIMITS

Spring Load Nonsprung

Seals Seals

Hardness (Shore A) 90 max 90 max
Elongation - 50% max -50% max
Volume Change -5to +25% -5to +10%
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4.2.1.1 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.

4.2.1.2 The seal material formulators must be able to measure the effects of standard lubrication on their
compounds. Examples of standard lubricants are ASTM Oils #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.

4.2.1.3 The seal users must be able to ascertain the compatibility of the fluid/compound combinations that will be
used in particular applications. They must have some insight into the actual temperatures to be
encountered and employ these temperatures in their compatibility testing. The temperature of immersion
must mirror as closely as possible the actual application temperature. The time of immersion testing
should be established by the part longevity required. Properties should be measured at periodic intervals,
such as 70 h, 168 h, etc., to detect trends and/or extrapolate to the desired longevity. However, included in
the preceding is a caution against using higher than actual service conditions as a means of shortening
test duration. Oil oxidation, additive reactivity, and additive depletion are a function of temperature only.
Additionally, water and air (oxygen) ingestion can markedly increase the potency of the effect of oil on seal
compounds. The immersion condition should resemble the application condition as closely as possible,
including the use of the actual media when possible.

4.3 Temperature—Seal material-lubricant compatibility over the normal operating temperature range is generally
the governing choice factor, but adequate consideration must be given to the effects of the possible
temperature extremes (low and high) on both seal material and lubricant itself. Time and temperature
relationships cause irreversible changes in both seal material and lubricant, as well as the interactions between
them. At low temperatures, seal materials will harden temporarily and lubricant viscosity will increase
temporarily. Leakage, seal fracture, or abnormal wear may occur. This stiffening of the seal material may
result in an inability of the seal lip to follow shaft deflections, thus causing low temperature leakage. The effect
of shaft interference and/or pressure on the seal is heat generation at the seal-shaft interface. Higher shaft
speeds and/or pressures result in higher seal lip temperatures and in a greater differential between the lip
contact surface and bulk oil temperatures, thus effectively changing the viscosity of the lubricant under the seal
lip. These factors should also be considered in establishing material-lubricant compatibility.

4.4 Time—Material-lubricant compatibility tests should be of sufficient duration to establish that compatibility is
maintained over the required life of the seal.

5. Applications Design Data—Seal performance is greatly influenced by product design. Proper engineering of
the components which affect the seal assembly is necessary for seal reliability. The following should be
considered at the design stage of a new sealing application or where existing applications are being updated.

5.1 Shaft Surface Roughness—Shaft surface roughness is a prime factor in the proper functioning of a lip seal.
The surface roughness should be specified as 0.25 to 0.50 nm (10 to 20 nin) with zero +0.05 degree (3 min).
This section conforms to ISO 6194/1. (See Section 10 for the recommended shaft lead detection method.)
Refer to Figure 5 for typical traces. (The recommended "cutoff" setting on the surface roughness measuring
machine is 0.75 mm or 0.030 in.) The best known method for obtaining this roughness is plunge grinding. The
following is the recommended manufacturing process for plunge grinding:

5.1.1 The grinding wheel-to-work piece ratio should be a low, nonwhole number ratio. (Example: 10.5:1 not
10.0:1.)

5.1.2 A crush-dress or a cluster head diamond dress should be used for wheel dressing rather than a single point
diamond tool.
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5.1.3 During wheel dressing, the traverse speed should be very low (less than 3 in/min) or very high (at least 10 in/
min).

5.1.4 Always “spark-out” to aid in the elimination of lead transfer even with the nonwhole number grinding wheel-
to-work piece ratio.

ACCEPTABLE AXIAL
SURFACE ROUGHNESS Ra={10AA)}
PROF ILE (BXAMPLE  sHOMN)
Scale: Ra=0.33 micrometers o
VERT.=0.005 nm/Div (13 microinch) = = ———
(0.00002 in/Div) T =" ST T
HORZ.=0.05 mm/Div = - =
(0.002 in/Div) Ra=(20AA) = =EiTSS S = =222
{EXAMPLE  SHOWN) =+
STYLUS SIZE=2.5 micrometers Ra=0.50 micrometers
(100 microinch) (20 microinch) 3+
TIP RADIUS
= X
1. Any plateau where a series of peaks and valleys exceeds an overall
height of U.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
UNACCEPTABLE AXIAL {0 to 31 microinch}
SURFACE ROUGHNESS
PROFILE
VALLEY-PEAK T0 PEAK
ﬂ | AXIAL DISTANCE
0.05 mm plateau
" " (0.003 1inch plateau)

FIGURE 5—TYPICAL TRACES OF SHAFT SURFACE ROUGHNESS PROFILES

5.2 Shaft Diameter—The shaft diameter should be held within the tolerances shown in Tables 3A and 3B,
although greater shaft tolerances may be used when agreed on between user and supplier.

5.3 Shaft Hardness—Under normal conditions, the portion of the shaft contacted by the seal should be hardened
to Rockwell C30 minimum. There is no conclusive evidence that hardening above this will increase the wear
resistance of the shaft except under extreme abrasive conditions. Where the shaft is liable to be nicked in
handling previous to assembly, it is recommended that it be hardened to Rockwell C45 minimum in order to
protect against being permanently damaged during assembly.

5.4 Wear Sleeves—Where the use of wear sleeves is considered, hardened shafts generally are not required.
Wear sleeves, either soft or hardened, can be made from mild steel rings and pressed over a soft shaft. They
are recommended for shafts made of cast iron or other soft materials, and permit the replacement of wearing

surfaces coincident with oil seal changes. New wearing surfaces generally are required with the replacement
oil seal.
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5.5 Offset—Offset is defined as the radial distance between the axis of the seal bore and the axis of shaft rotation.
Offset is normally calculated from the tolerance stackup on the engineering drawings. Seal life can be
shortened by excessive offset. Offset results in uneven wear. From a good practice standpoint, the offset
should be kept under 0.25 mm (0.010 in) TIR.

5.6 Dynamic Run Out—Generally, the shaft run out 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 run out due to the
inability of the seal to follow the shaft high-frequency camming effect.

TABLE 3A—OIL SEAL STANDARD TOLERANCES—MM
SINGLE AND DUAL LIP SPRING LOADED BONDED SEALS

Shaft LOP@ Pressure
Shaft Diameter Tolerance ID Range(l) Range RWV ) Max Radial Load Range

Nominal
pressure
Thru 75.0 +0.08 1.0 +30% with a 0.6 Nominal load +45%
minimum range
of 0.25 bar
Nominal
pressure
75.01 to 150.0 +0.10 1.3 +30% with a 0.8 Nominal load +40%
minimum range
of 0.25 bar

Nominal
pressure
150.01 to 250.0  +0.13 15 +30% with a 1.0 Nominal load +40%
minimum range
of 0.25 bar

1. Tentative inside diameter will be established at the time of the design of a given seal.
Nominal inside diameter will be established based on the analysis of three production
runs.

2. Nominallip opening pressure will be established for a given seal based on the analysis
of a minimum of three significant production runs. Preswelled silicone seals require a
larger range.

3. Radial wall variation (outside diameter-inside diameter eccentricity) will be measured
by the optical or shadowgraph method. Itis measured with the spring removed and the
sealing element allowed to relax for 24 h.
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5.7

5.8

5.9

5.10

TABLE 3B—OIL SEAL STANDARD TOLERANCES—INCHES
SINGLE AND DUAL LIP SPRING LOADED BONDED SEALS

LOP@ Pressure
Range

Shaft

Shaft Diameter Tolerance ID Range(l) RWV @) Max Radial Load Range

Nominal
Pressure
+30% with a
minimum range
of 4 psi

Thru 3.00 +0.003 0.040 0.025 Nominal load +45%

Nominal
Pressure
+30% with a
minimum range
of 4 psi

3.001 to 6.000 +0.004 0.050 0.030 Nominal load +40%

Nominal
Pressure
+30% with a
minimum range
of 4 psi

6.001 to 10.000  +0.005 0.060 0.040 Nominal load +40%

1. Tentative inside diameter will be established at the time of the design of a given seal. Nominal
inside diameter will be established based on the analysis of three production runs.

2. Nominal lip opening pressure will be established for a given seal based on the analysis of a
minimum of three significant production runs. Preswelled silicone seals require a larger
range.

3. Radial wall variation (outside diameter-inside diameter 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 h.

Shaft Lobbing or Out-of-Round—This condition can be caused by mechanical assembly, such as bolting a
flywheel 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 and Seal Tolerances—The bore and seal tolerances shown in Tables 4A and 4B apply only to ferrous
materials. When a nonferrous material such as aluminum is used, the seal manufacturer should be consulted.

Bore Surface Roughness—On applications where a lubricant head is present against the seal OD and the
bore surface roughness is approximately 2.54 mm Ra or smoother, bore leakage should not be a problem if no
tool marks are present. This section conforms to ISO 6194/I.

If the surface is rougher than 2.54 nm Ra, a rubber OD seal (Tables 1A, 1B, 3A, 3B, 4A, 4B, and 5, and
Figures 1 and 6A to 6D) or a case OD sealer should be used to ensure that no outside diameter leakage
occurs. A case OD sealer is usually a resinous or rubber-like material applied by the seal manufacturer to the
outside metallic diameter of the seal (SAE J1947). Most seal manufacturers can supply seals precoated with
an OD sealant. User-supplied cements or sealers should be used with care to prevent contact with the sealing
lip. On grease sealing applications, a bore sealer is generally not required.

Pressure—Standard design radial lip type oil seals should not be used when the operating pressure exceeds
the limits shown in Tables 1A and 1B. When variable surge pressures exceeding these limits are present, a
special condition exists and the seal manufacturer should be consulted. Higher operating pressures are
acceptable if a customer seal design is considered. However, when a pressure seal is used, features such as
the ability to accommodate offset and run out are generally sacrificed. Whenever possible, the design should
be such that the system is vented to atmosphere. This will allow the lip seal to function more efficiently.
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5.11 Shaft Lead Corners—To prevent damage to the seal lip and to facilitate installation, the leading edge of the
shaft should have a chamfer or radius. If the chamfer is used, its dimensions should be such that the seal lip
can be assembled without damage. This is especially critical if the direction of shaft entry through the lip is
from the media side. (See Figure 7.)

TABLE 4A—OIL SEAL STANDARD TOLERANCES—MM
SINGLE AND DUAL LIP SPRING LOADED BONDED SEALS—CONFORMS TO ISO 6194/A

Diameteral Diametral Roundness Roundness
Tolerance® Tolerance™ Tolerance® Tolerance®
Nominal Bore Bore Metal Rubber Metal Rubber
Diameter  Tolerance Cased Covered®@) Cased Covered
Up to 50 +0.039 +0.20 +0.30 0.18 0.25
-0.0 +0.08 +0.15
50 to 80 +0.046 +0.23 +0.35 0.25 0.35
-0.0 +0.09 +0.20
80 to 120 +0.054 +0.25 +0.35 0.30 0.50
-0.0 +0.10 +0.20
121 to 180 +0.063 +0.28 +0.45 0.40 0.65
-0.0 +0.12 +0.25
181 to 300 +0.075 +0.35 +0.45 0.25% of out- 0.80
-0.0 +0.15 +0.25 side diameter
301 to 440 +0.089 +0.45 +0.55 0.25% of out- 1.00
-0.0 +0.20 +0.30 side diameter

chaser.

methods.

1. Seal Outside Diameter—The average of a minimum of three measurements to
be taken at equally spaced positions.
2. Rubber covered seals having a wave profile outside surface are acceptable but
will require different tolerances to be agreed between manufacturer and pur-

3. Rubber covered seals employing certain materials other than nitrile may require
different tolerances to be agreed between manufacturer and purchaser.

4. Out of Round (OOR)—The maximum variance between any of the readings used
in determining seal outside diameter. See RMA publication OS-11 for measuring
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