7= The Engineering Society
== For Advancing Mobility
=] Land Sea Air and Spaceg,

Cj\ Product of the
Cooperative Engineering Program

SAE J1901 JUNS8S

Lip Force
Measurement, Radial
Lip Seals

SAE Recommended Practice|
Issued June 1988

S.AE
LIBRARY

Submitted for Recognition as
an American National Standard



https://saenorm.com/api/?name=fee0f7927ef7ca89f281cb2e26fbf276

No part of this publication may be reproduced in any form,
in an electronic retrieval system or otherwise, without the
prior written permission of the publisher.

Copyright 1988 Society of Automotive Engineers, Inc.


https://saenorm.com/api/?name=fee0f7927ef7ca89f281cb2e26fbf276

SAE J1901

‘I!l The Engineering Society

‘ E For Advancing Mobility HIGHWAY

“ Land Sea Air and Space ® VEH'CLE

400 COMMONWEALTH DRIVE, WARRENDALE, PA 15096 PRACTICE Issued June 1988

Submitted for recognition as an American National Standard

LIP FORCE MEASUREMENT, RADIAL LIP SEALS

1. LIP FORCE DEFINITION:

Lip florce, radial lip force, radial force or radial load.are all terms used
to delscribe the characteristic of a radial 1ip seal, (that is, the|force it
exertls upon the mating shaft. SAE J111c defines this as "Lip Forge."

However, regardless of terminology, it is important to understand|how it is
measured and the units in which it is expresseds

2. PRINCIPLE OF LIP FORCE MEASUREMENT:

2.1 Methpd: The majority of devices used for obtaining 1ip force measurement
utilfize the split shaft design. One<half is rigidly mounted and|the other
half| is attached to a measuring system so that forces on it perpéndicular to
the split may be determined. Ong=half of the split shaft should|have a gap
of Ol.75 to 1.50 mm to prevent the two halves from exerting a forge on each
othejr. This gaﬁ is considered small enough so as not to affect the
measurement. The various measuring devices differ in the method$ with which
the [force exerted on thé split shaft is determined.

2.2 Principle: Fig. 1 illustrates the split shaft principle. A radjal lip seal
exerts an incremental 1ip force F, expressed in appropriate force units per
unit| of shaft circumference. The force components perpendicular|to the
splift are balanced for force P, which the instrument actually megsures.
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“where: r = shaft radius -
D = 2r = shaft diameter
« = the angle from the center of the shaft split to any point on the

shaft surface

Therefore, the 1ip force per unit of circumference (F) is obtained by
dividing the force sensed by the instrument (P) by the shaft diameter (D).
The total radial force of the seal (T) is the 1ip force per unit of
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calibrated leaf spring and its movement is shown on a dial indicator.
spring is calibrated to show force vs. deflection.

The dial indic

Page 3 SRE, J1901
3. TYPES OF RADIAL LOAD MEASURING DEVICES:
3.1 Mechanical: The moveable half of the split shaft is supported by a

The
ator

reading, the result of force P against the spring, is converted to F or T by
the above equations.

Units can be English or SI depending on the calibration of the spring and

the particular dial indicator used.
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This type of measuring device
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re Effect: Large shaft sizes tend to deflect the Teaf spring
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System Stiffness:

Since alpneumatic cylinder is used to counter

ragial force, there is,in effect, no shaft deflection.
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follows:

3.3.1

small shaft deflections can produce accurate measurements.

3.3.2

Moveable Half Suspension:

Many of the electronic devices are de

System Stiffnéss: Due to the sensitivity of electronic transducers, very

signed

with the moveable half of the shaft suspended on a system of stiff leaf
springs to produce a friction-free movement insensitive to variations in

the vertical position of the seal Tip.

step split shafts.

This allows the use of multiple
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4. FACTORS AFFECTING DESIGN:

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

4.1 System Stiffness: Stiff measuring systems will have lTow measuring errors
due to shaft size effect. A typical electronic device has a stiffer system
and lower measurement errors due to the shaft size effect than a typical
mechanical device (Fig. 2).
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FIGURE 2

4,2 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.
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(:, 4.3 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
1ip(s) on the shaft which results in a constantly changing reading.

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

5. FACTORS AFFECTING MEASUREMENTS:

The fO..!C‘.‘."i.“.g factgrs.cnn affoct the measurement of radial load:

5.1 Stress Relaxation: When a seal is placed on a shaft, the radialifofce the
Tip eferts decreases exponentially as a function of time (see'fEig. B).

Tests|were run by the Rubber Manufacturers Association (RMA) with spals

produ¢ed 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:

Nitrile: 25 s
Polyacrylate: 10 s
Silicone: 3

Fluoroelastomer:, 30 s

It is|recommended that a standard time.délay be established at 30 s| for all

(ij materfals.
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FIGURE 3 - Stress Relaxation Curve

C



https://saenorm.com/api/?name=fee0f7927ef7ca89f281cb2e26fbf276

J1901 : SRE, Page 6

5.2

5.3

6.

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
upon a +11°C temperature differential from 21°C were:

Nitrile: - +6%
Polyacryiate: *8%
Silicone: +3%

Fluoroelastomer: +72%

It|is suggested that the seals be stored at 21 + 3°C for 24 hprilor to

measurement. Room temperature has been chosen for convenienée ofl handling,
ingpection and measurement. To determine the effects of applicafion

conditions upon radial load, the seals may be tested afteér a hot|oil soak at
a pemperature and time mutually agreeable to both userrand manufdcturer.

Time Interval Between Readings: It is known that certain types df seal
maferia1s, such as preswelled silicone, experience a significant [change in

radial force with time due to the effects of the preswell lubricant. This
should be taken into consideration between seal supplier and user if a
specification is established.

SIGNIFICANCE OF LIP FORCE MEASUREMENT:

Rad{al force values are dependent upon the materials and the design of a
given oil seal. At the present time, these values should be used fas a design
and|development tool rather thania production inspection procedure|.
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