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Seals—Evaluation of Elastohydrodynamic

1. Scope—This SAE Information Report is a review of test methods that have been used to evaluate elastomeric
hydrodynamic seals.  The advantages and disadvantages of each method are discussed.  There are ten
methods total which include three suggested methods.  For those interested in more detailed information on
hydrodynamic sealing systems, see 2.2.

1.1 Background for Establishing Evaluation Techniques—Two items must be kept in mind when evaluating
hydrodynamic seals.

1.1.1 PATTERN—The presence of ribs, triangles, or other configurations on the outside lip surface of a seal does
not automatically make a seal hydrodynamic.  These configurations in conjunction with the contact line of the
seal can make a specific contact pattern (Figure 1) on the transparent shaft (Figure 2) in order for the sealing
system to be more effective than a standard sharp lip seal (Reference 3.9).  The specific contact pattern of
the hydrodynamic configuration should be agreed upon between user and supplier.

1.1.2 CONDITION—If there is no shaft or seal damage, improper installation, or abnormal operating conditions, a
hydrodynamic seal functions the same as a plain sharp lip seal in that the dynamic sealing devices are not
required to make the seal function.  This characteristic makes hydrodynamic seals difficult to evaluate.  A
condition in which a plain sharp lip seal would leak must be artificially created in order to evaluate the sealing
capacity and efficiency or improved sealing performance created by a hydrodynamic seal.  Sealing capacity
is defined as the difference in the leakage rates of a hydrodynamic seal (Lh) and a sharp lip seal (Ls), when
operated on a shaft designed to pump fluid through the seal.  Sealing efficiency is then defined as:

(Eq. 1)Ls Lh–
Ls
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FIGURE 1—”ON-SHAFT” CONTACT PATTERNS OF SOME ELASTOHYDRODYNAMIC AIDS

FIGURE 2—PLASTIC SHAFT CONFIGURATION
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3. Evaluation Methods—There are ten methods of evaluation which are being or have been used.  Three of the
ten methods are suggested and discussed in detail in 3.1, 3.2, and 3.3.  They are not listed in order of
preference and are intended to be short type screening tests to determine the effectiveness of designs as new
seals only.  They are not intended to reproduce actual service conditions.  These methods are designed to test
seals with only the primary sealing lip.  Method used should be agreed upon between user and supplier.

3.1 Visual Examination of Seal on Plastic Shaft

3.1.1 METHOD—This test consists of placing a clean dry seal airside first, squarely on a dry plastic shaft (Figure 2)
and observing the contact pattern.  General seal effectiveness can be judged by its contact pattern (Figure 1)
under static conditions and often can be associated with its contact pattern.

3.1.2 LIMITATIONS—Limitations of this evaluation technique are:

a. A pseudo-contact pattern can be produced by fluid at the interface or misalignment of the seal.
b. Visual examination will allow judgment of performance of the seal only at the time of observation.
c. Shaft runout and/or STBM (shaft to bore misalignment) in the application can affect the contact

pattern.

3.2 Roll-Coined Spiral Grooved Mandrel Testing

3.2.1 METHOD—This method is an economical means of evaluating the effectiveness of hydrodynamic seals which
closely simulates shaft damage or conditions that could occur. A 0.02 to 0.08 mm (0.0008 to 0.0031 in)
groove is rolled into a standard test mandrel or application shaft with a helix angle of 4 to 5 degrees by using
a form ground roller (see Figure 3). The groove depth is very closely controlled within a shaft and is also
reproducible from one shaft to another (see Figure 4). Test techniques are similar to those used in 3.1 and
3.9.
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