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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 gvalpate elastomeric
hydrodynaniic seals. The advantages and disadvantages of each method are discussed.| There are ten
methods totpl which include three suggested methods. For those interested in more\detailefl information on
hydrodynamic sealing systems, see 2.2.

1.1 Backgroundg for Establishing Evaluation Techniques—Two items must bekept in mind yhen evaluating
hydrodynanic seals.

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

1.1.2 ConbiTioN—If there is no shaft or seal damage, improper installation, or abnormal operat|ng conditions, a
hydrodyngmic seal functions the same as a plainésharp lip seal in that the dynamic sealing| devices are not
required t9 make the seal function. This characteristic makes hydrodynamic seals difficult to evaluate. A
condition ih 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. Bealing capacity
is defined jas the difference in the leakage rates of a hydrodynamic seal (Lh) and a sharp lig seal (Ls), when
operated @n a shaft designed to pump fluid through the seal. Sealing efficiency is then defiped as:

LSL;S”‘(mO) (Eq. 1)
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2.

References

2.1 Applicable Publication—The following publication forms a part of this specification to the extent specified
herein. Unless otherwise indicated, the latest issue of SAE publications shall apply.

2.1.1

2.2

SAE PusLicaATION—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
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Roll-Coined Spiral Grooved Mandrel Testing

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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3.2.2 LiMITATIONS—Limitations of this evaluation technique are:

Some application shaft materials are too hard to be roll-coined.

Higher than normal seal wear will occur.

Typically is not used for application testing with reciprocating shafts.

Depending on length of test and sealing lip material (such as PTFE) wear particles can plug the
grooves at lip contact surface thus distorting results. Use of method(s) for these type seals should be
agreed upon between user and supplier.

apop

3.2.3 MANUFACTURING ROLL-COINED SPIRAL GROOVED MANDRELS—Hydrodynamic spiral grooves are added to a
standard plunge ground seal test mandrel or, in some cases, an apphcatlon shaft by aprocess known as roll-
coining. Tre-meandreterapphes 6 v into the surface

ground, hardened steel roller.

The form ground roller is mounted on the tool post of the lathe by utilizing a special-adapfer. The roller is
mounted gt a specific helix angle. The lathe is then set up to produce a spiral graeve in the mandrel with a
helix anglg of 4 to 5 degrees. (See Figure 5.) Shoulders which are part of thé|roller configyration regulated
the groovg depth (Figure 3). The action of the roller will produce a raised ridge of displacedq metal on either
side of thg groove. These should not be removed as they simulate application shaft damape. (See Figure
4.) Groove depth variation in one shaft is approximately +0.005 mm\0.0002 in); from ghaft to shaft the
variation cpuld be +0.0010 mm (£0.0004 in).

VIEW "A" ENLARGED

+0.50
(+0.020)
SHARP POINT
Pt — — ]
83,53
W3b0) DA \
2bo i 0.005 (+$.0002)
Q2o - T 2540 { 0.000 (-q.0000)
& (10}
b+ — — I 90°
10°TYPICAL L0.13 (0.005) R
i 1 3 MAX TYPICAL
L.._LJLW_
1588 ___|
(0.625) ~
MATERIAL: CARBIDE OR HIGH-SPEED STEEL VARORECTTPE ' ¥ "
. ROLL GROCVE DEPTH .02 {0.0010) Q.05 {0.002) 0.08 (0.003}
NOTE: DIMENSIONS ARE mm (in) DIMENSION "Y* 0.030 {0.0012) 0.056 (0.0022) 0.081 (0.0032)

FIGURE 3—ROLL-COINING ROLLER DETAILS
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FIGURE 5—ROLL-COINING APPARATUS
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3.2.4 HYDRODYNAMIC SEAL EVALUATION USING ROLL-COINED SPIRAL-GROOVED MANDRELS—The following techniques
are used in evaluation of hydrodynamic seals

3.2.4.1 Leak Rate Determination—This technique is used for comparing various hydrodynamic seal designs with
each other or against the leak rate of plain sharp lip seals. Figure 6 for typical seal leakage curves. Seals
of various designs are run on a roll-coined hydrodynamic spiral shaft of a given groove depth at normal
application speed for a specified length of time, and the leakage is measured and compared to determine
the relative sealing efficiency. Sealing efficiency is determined by dividing the sealing capacity by the
leakage rate of a sharp lip seal (Reference 1.1.2).

3.2.4.2 Application Testing—This technique is used for evaluating a hydrodynamic seal's ability to seal a damaged

shaft ungereactaal-appheationconditions:

Applicatjon shafts are roll-coined to a depth which compares with the damage that, cotild occur during
manufagturing, handling, and installation.

Hydrodyinamic seals and the roll-coined shafts are installed in the applicatioh) ,Ifthere is np leakage, it can
be assumed the sealing efficiency is great enough to overcome a given ameunt of shaft damage.
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FIGURE 6—TYPICAL SEAL LEAKAGE CURVES ON ROLL-COINED SPIRAL-GROOVED
MANDRELS HYDRODYNAMIC VERSUS SHARP LIP SEAL LEAKAGE RATES



https://saenorm.com/api/?name=989b7307a7deafab1a286fb42ee9a832

SAE J1002 Cancelled OCT2002

3.3 Oil Drop Testing

3.3.1 MeTHOD—This is a method of evaluating the ability of a properly functioning seal to pump oil from the air side
of the lip contact surface to the oil side. The test consists of running a seal under application conditions
either on a horizontally or vertically mounted shaft.

a. Horizontal shaft—With seal mounted vertically, a small metered quantity of oil is placed as close as
possible to the lip contact surface at the 12 o'clock position by means of a hypodermic needle.

b. Vertical shaft—With seal mounted horizontally (face up), a small metered quantity of oil is placed
uniformly around seal lip circumference at shaft interface.

The meniscus formed for each type setup is observed by means of an ultraviolet light and the time for its
disappearfince is recorded.

The verticgl shaft method yields very consistent results.
3.3.2 LimITATIONs—Limitations of this evaluation technique are:

a. Plain sharp lip seals can transfer oil.
b. Difficulty of uniform application of oil to the interface (with horizontabshaft only).
c. Minlite variations in shaft, presence of shaft lead and seal geaometry can affect oil transfer rate.

3.4 Accelerated Test Parameters

3.4.1 MeTHOD—One of the first methods used to evaluate hydrodynamic seals was to increase [the shaft speed,
shaft runoit, offset, or the temperature of the medium:being sealed to a point that a plain sharp lip seal could
not tolerate.

3.4.2 LiMITATIONs—This test method evaluates the sealing material rather than the sealing concept. This method
typically dpes not correlate with application’eonditions and, therefore, evaluates a design not necessarily
representative of that required for actual-service conditions.

3.5 Life Testing

3.5.1 MeTHoD—{This method consists of testing plain sharp lip seals under application conditions|(SAE J110) and
establishing a mean life ar time to failure. If hydrodynamic seals of the same design tested|under the same
conditions| had an increased mean life, it could be attributed to the increased sealing efficiency of the
hydrodyngmic design.

3.5.2 LimiTATIONs—The Jlimitations of this evaluation technique are: (a) the length of time; (b) the amount of
equipment reguired to conduct a test program; and (c) the difficulty of obtaining plain shgrp lip seals and
hydrodyndmi i ic aj designs are not
equivalent, the difference in sealing efficiency could be attributed to factors other than hydrodynamic
capability.

3.6 Pumping Capacity Testing

3.6.1 MEeTHOD—This is a variation of method 3.3 (oil drop testing). The seal is mounted backwards in the test
head (so that the outside lip surface is exposed to the oil in the head). The test may be run with the oil at
midshaft or a full head. The shaft is then run at a given speed for a specified length of time and the amount
of oil transferred to the air side is measured.
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3.6.2

3.7

3.7.1

3.7.2

3.8

3.8.1

3.8.2

3.9

3.9.1

3.9.2

Damaged Sgal Testing

LimiTATIONS—The limitations of this evaluation technique are:

a. It does not accurately simulate oil transfer that may occur in the application because it is not pumping
against a head of oil on the normal oil side of the lip.

b. A seal with a damaged lip can appear to be more efficient than an undamaged seal.

c. Minute variations in shaft, presence of shaft lead, and seal geometry can affect oil transfer rate.

Etched Spiral Grooves Shaft Testing

MeTHOD—This method is a means of comparing plain sharp lip seal leakage rates with hydrodynamic seal
leakage rates when run on a hydrodynamic shaft. The spiral grooved shafts are produced by a photoetching
process. Fhey-are-approximately i3 He - FA-(6-00868-t6-.0031 in) deep.
The helix @

A plain shhrp lip seal is run on the spiral grooved shaft at a given speed for a specified length of time. The
leakage isl measured. A hydrodynamic seal is run at the same position on the shaft for the same length of
time. Theldifference between the leakage rates is called the sealing capacity.(Reference 1.[..2).

LimiITATIONs—The limitations of this evaluation technique are:

a. The|grooves in the shafts used to date have been much more severe than the actual damage the seal
would see in an application and could also alter sealing capacity by lip distortion.
b. The|process for etching the shaft produces variable.geometry. Some application shaft materials
canmot be etched at all. Itis also a costly procedure,

The previqus limitations could be reduced subsequently-or eliminated with improved etching techniques.

MeTHOD—Another method of evaluating the'sealing capacity of a hydrodynamic seal is to famage the seal
by removipng a section of lip at the contact-line. The seal is then run on a plain shaft with damage at the
60'clock ppsition to determine if hydredynamic aids will prevent leakage.

Many methods have been tried{o'produce reproducible nicks in seal lips:
a. Triapgular jeweler's fileJembedded in a shaft size mandrel.

b. Heated nichromewire embedded in a shaft size mandrel.
c. Notghing the seals'with a razor blade under a microscope.

12

LimiTaTIONs— This, method of evaluation has been quite widely used, but there are limitation

a. It is difficult to notch a group of seals ||nifnrmly
b. In some cases, the test results are erratic due to vibration of the lip at the notch.

Damaged Application Shaft Testing

MeTHOD—This method of evaluation has been used for seals in the actual application. Application shafts are
damaged by etching, filing, scratching, or grinding grooves in them. These are installed in the application
with the hydrodynamic seals. If the seals do not leak, it is assumed that they have enough sealing capacity
to counteract the damaged shafts.

LimiTaATIONS—The limitations of an evaluation technique such as this are the same as for damaged seals,
lack of uniformity, and reproducibility of the damage.
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3.10 Flatted Shaft Testing

3.10.1 MeTHOD—This method is another form of damaged shaft testing. A series of evenly spaced flats 0.04 to
0.08mm (0.0016 to 0.0031 in) deep are ground on a test mandrel. The number of flats is increased in a
geometric progression along the shaft. A set of leak rate curves for the various numbers of flats at various
speeds is established with a plain sharp lip seal. Then a hydrodynamic seal is run on the same shaft. The

difference

3.10.2 LIMITATION

in leak rate curves establishes the sealing efficiency of the hydrodynamic seal.

s—The limitations of this evaluation technique are:

a. The flats on the shaft are more severe and of a different configuration than the seal would normally

expetrence-t-the-appheation:

b. The|leak rate curves are not linear and tend to indicate that the seal lip is unstabl
spegd.
c. Distprtion of the seal lip caused by the flats may impair or assist the hydrodynami

bein

g evaluated.

PREPARED BY THE SAE MOTOR VEHICLE COUNCIL

2 at a particular

C sealing device
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