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LIP FORCE MEASUREMENT, RADIAL LIP SEALS

1. SCOPE:
( R)

This SAE Recommended Practice defines radial lip force for shaft seals. The
principle of lip force measurement is described and the types of radial force
measuring devices are discussed. A type of radial force measuring device and
procedure for use is recommended.

2. REFERENCES:

2.1 Applicable Documents:

SAE Jlll, Seals - Terminology of Radial Lip

2.2 Definitions:

2.2.1 LIP FORCE DEFINITION: Lip force, radial lip force, radial force, or
radial load are all terms used to describe the characteristi£ of a radial
lip seal, that is, the force it exerts on the mating shaft. SAE Jlll
defines this as "lip force." However, regardless of terminology, it is
important to understand how it is measured and the units in which itis
expressed.

I 3. PRINCIPLE OF LIP FORCE MEASUREMENT:

3.1 Method:

The majority of devices used for obtaining lip force measurement utilize the
split shaft design. One-half is rigidly mounted and the other half is
attached to a measuring system so that forces on it perpendicular to the
split may be determined. One-half of the split shaft should have a gap of
0.75 to 1.50 mm to prevent the two halves from exerting a force on each
other. This gap is considered small enough so as not to affect the
measurement. The various measuring devices differ in the methods with which
the force exerted on the split shaft is determined.
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3.2 Principle:

Figure 1 illustrates the split shaft principle. A radial lip seal exerts an
incremental lip force F, expressed in appropriate force units per unit of
shaft circumference. The force components perpendicular to the split are
balanced for force P, which the instrument actually measures.

rr/2
p = 2 J F'rd~'Sin~ = 2 Fr = FD (Eq.1)

0

F P T F rr 0 (Eq.2)-

0

where:

r = shaft radius

o = 2r = shaft diameter

~ = the angle from the center of the shaft split to any, point on
the shaft surface

d~ = the incremental angle over which the incremental force (F) .).
acts .

Therefore, the lip force per unit of circumference (F) is obtained by
dividing the force sensed by the ir:Jstrument (P) by the shaft diameter (0).
The total radial force of the seal (T) is the lip force per unit of
circumference (F) multiplied by the shaft circumference (nO).

D

.FIGURE 1
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(; 3.3 Conversion of Units:

SAE J190l Revision SEP90

The conversion units for the values determined are as follows:

a. F-lip force per unit of circumference
b. oZ-in x 0.109 = N/cm
c. N/cm x 9.137 = oz-in
d. T - Total radial force of P-measured force
e. oz x 0.278 = N
f. N x 3.597 = oz

4. TYPES OF RADIAL LOAD MEASURING DEVICES:

4. 1 Me chan i cal :

The moveable half of the split shaft is supported by a calibrated leaf
spring and its movement is shown on a dial indicator. The spring is
calibrated to show force versus deflection. The dial indicator reading, the
result of force P against the spring, is converted to F or T by the
equations.

Units can be English or 51 depending on the calibration of the spring and
the particular dial indicator used. This type of measuring device is
subject to several facto~s that could affect measuring accuracies.

4.1.1 System Stiffness: In order to measure the deflection of the leaf spring
mechanically. the system is designed to deflect significantly. This can
introduce measurement errors due to effective shaft size change as the
moveable half deflects.

4.1.2 Size Effect: Large shaft sizes tend to deflect the leaf spring due to
excessive weight and cause measurement errors.

4.1.3 Distance from Fulcrum Point: Large variations in tooling or positions of
the lip on the shaft can introduce measuring errors.

4.2 Pneumatic:

Force P is balanced by air pressure through a pneumatic cylinder attached to
the moveable half of the split shaft. The air pressure gauge may be
calibrated to read directly in force P rather than in pressure units and may
be in either English or SI units. There are two significant factors related
to this type of device:

4.2.1 System Stiffness: Since a pneumatic cylinder is used to counteract the
radial force, there is, in effect, no shaft deflection. The system
stiffness is effectively perfect.

4.2.2 Suspension: In some devices, the method of suspending the moveable half
can require some force and, therefore, introduce some measuring errors.

-)
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4.3 Electronic:

An electronic transducer (strain gauge) senses the force P against the
moveable half of the shaft. A variable "diameter divider" in the electronic
circuit is set to the proper shaft size, D, and the readout is directly in
F, N/cm. With the diameter divider switched out of the circuit, the readout
is P in ounce or Newton. The significant factors here are as follows:

4.3.1 System Stiffness: Due to the sensitivity of electronic transducers, very
small shaft deflections can produce accurate measurements.

4.3.2 Moveable Half Suspension: Many of the electronic devices are designed
with the moveable half of the shaft suspended on a system of stiff leaf
springs to produce a friction-free movement insensitive to variation~ in
the vertical position of the seal lip. This allows-the use of multiple
step split shafts.

5. FACTORS AFFECTING DESIGN:

The following factors are important in the design of a radial load device:

5.1 System Stiffness:

Stiff measuring systems will have low measuring errors due to shaft size
effect. A typical electronic device has a stiffer system and lower (~
measurement errors, due to the shaft size change effect, than a typical ~
mechanical device (see Figure 2). Therefore, electronit devices are
preferred.

DEFLECTION CL"1t':E
TOTAL 1I0VE:1ENT VS TOTAL FORCE READING

Iii'
.0; .075 .100 .125
DEFLECTION'lllIlI:)

FIGURE 2
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5.2 Shaft Suspension:

The majority of the devices evaluated used a multiple leaf spring
suspension. For- the moveable half of the shaft, this is a friction-free
configuration, which appears to be durable and insensitive to variations in
the vertical position of the seal lip.

5.3 A digital readout that locks the reading after a set time delay is essential
for accurate readings. This is due to stress relaxation of the sealing
lip(s) on the shaft which results in a constantly changing reading.

5.4 Calibration:

The unit must be capable of dead weight calibration. Most units evaluated
were easily calibrated. This calibration should be done monthly.

6. FACTORS AFFECTING MEASUREMENTS:

The following factors can affect the measurement of radial load:

6.1 Stress Relaxation:

When a seal is placed on a shaft, the radial force the lip exerts decreases
exponentially as a function of time (see Figure 3).

~ Tests were run by the Rubber Manufacturers Association (RMA) with seals
produced in four basic polymer types. The approximate time to reach a
constant decay rate (0.0055 N/cm/s) at a constant temperature is as follows:

a. Nitrile: 25 s
b. Polyacrylate: 10 s
c . Si 1i cone: 3 s
d. Fluoroelastomer: 30 s

It is recommended that a standard time delay be established at 30 s for all
materials.

I
w
o
~u..
..oJ
<o
<a:

TIME --o
FIGURE 3 - Stress Relaxation Curve
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6.2 Seal Temperature:

Seals are sometimes stored in areas that may get very hot or cold.
Measuring these seals before they reach a standard temperature can have a
significant effect on the results. Measurements were made with seals
produced in four basic polymer types. The approximate differences based on
a ±lloC temperature differential from 21°C were:

a.
b.
c.
d.

Nitrile:
Polyacrylate:
5i 1i cone:
Fluoroelastomer:

±6%
±8%
±3%

±12%

It is suggested that the seals be stored at 21°C ± 3 for 24 h'prior to­
measurement. Room temperature has been chosen for convenience of handling,
inspection, and measurement. To determine the effects of application
cQnditions on radial load, the seals may be tested after a hot oil soak at a
temperature and time mutually agreeable to both user and manufacturer.

6.3 Time Interval Between Readings:

It is known that certain types of seal materials, such as preswelled
silicone, experience a significant change in radial force with time (days)
due to the effects of the preswell lubricant. An offset in the
specification between seal supplier measurement and seal user measurement
may be required in these cases. Also, when making multiple readings on the
same-seals to establish a mean, the seals must be allowed to'relax for 8 h
between readings.·

7. SIGNIFICANCE OF LIP FORCE MEASUREMENT:

Radial force values are dependant on the materials and the design of a given
oil seal. At the present time, these values should be u~ed as a design and
development tool rather than a production inspection procedure.

The (R) is for the convenience of the user in locating areas where technical ~

revisions have been made to the previous issue of the report. If the symbol is ~
next to the report title, it indicates a complete revision of the report.
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RATIONALE:

Not applicable.

RELATIONSHIP OF SAE STANDARD TO ISO STANDARD:

Not applicable.

APPLICATION:

This SAE Recommended Practice defines radial lip force for shaft seals. 'The
principle of lip force measurement is described and the types of radial force
measuring devices are discussed. A type of radial force measuring device and
procedure for use is recommended.
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