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LIP FORCE MEASUREMENT, RADIAL LIP SEALS

1. SCOPE:
(R)
This SAE Recommended Practice defines radial lip force for shaft sealp. The
principle|of Tip force measurement is described and the types . of radifl force
measuring|devices are discussed. A type of radial force ameasuring deyice and
procedure|for use is recommended.

2. REFERENCESY:
2.1 Applicable Documents:'

) SAE J111] Seals - Terminology of Radial Lip, .
<:i> 2.2 Definitions:

2.2.1 LIP FORCE DEFINITION: Lip force, radial lip force, radial force, pr
radial|load are all terms used to describe the characteristic of a|radial
lip seal, that is, the forcecit exerts on the mating shaft. SAE J|11
defineg this as "lip force:! However, regardless of terminology, it is
important to understand how it is measured and the units in which fit is
expressed.

3. PRINCIPLE|OF LIP FORCE-MEASUREMENT:
3.1 Method:

The majority“of devices used for obtaining 1ip force measurement utiflize the
split shaftdesign. One-halif is rigidly mounted and the other half |s
attached “Ho—ameastring—system—so—thatforces—on—itperpendicttar—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 Tip 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.

w2
P=2J Ferda-Sina =2 Fr = FD (Eq. 1)
0
. . . .
F = 5 T=Fa«D (Eq.2)
where:
r = shaft radius
D = 2r = shaft diameter
o = the angle from the center of the shaft split to any point on
the shaft surface
da = the incremental angle over which the incremental force (F>

acts

Therpfore, the lip force per unit of circumference (F) is obtained by

diviging the force sensed by the instrument (P) by the shaft diamejter (D).
The ftotal radial force of the seal (T) is the 1ip force per unit of
circumference (F) multipli€d by the shaft circumference (wD).

T A

FIGURE 1
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3.3 Conversion of Units:

The conversion units for the values determined are as follows:

T -

Hho o ow

N x
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.RADIAL LOAD MEASURING DEVICES:
tal:

pable half of the split shaft is supported by a calibrated les
aind its movement is shown on a dial indicator. The spring is
ted to show force versus deflection. The dial, ‘indicator readi
pf force P against the spring, is converted toyF 'or T by the
NS . :

in be English or SI depending on the calibration of the spring
Ficular dial indicator used. This type of measuring device is
to several factors that could affeet measuring accuracies.

h Stiffness: In order to measure the deflection of the leaf 5
nically, the system is designed to deflect significantly. Thi
fuce measurement errors due to effective shaft size change as.
ple half deflects.

Fffect: Large shaft siZes tend to deflect the leaf spring due
5ive weight and cause“measurement errors.

p on the shafb can introduce measuring errors.

c:

is batanced by air pressure through a pneumatic cylinder attg

pabte-"half of the split shaft. The air pressure gauge may be
ted) to read directly in force P rather than in pressure units

be in either English or SI units. There are two significant factors

to this

System Stiffness:

type of device:

stiffness is effectively perfect.

Suspension: In some devices, the method of suspending the moveable
can require some force and, therefore, introduce some measuring errors.
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Since a pneumatic cylinder is used to counteract the
radial force, there is, in effect, no shaft deflection.
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4.3

4.3.

4.3.

5.

5.1

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:

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

2 Moveable Half Suspension: Many of the electronic devices aré delsigned
wilth the moveable half of the shaft suspended on a system ofstilff leaf
springs to produce a friction-free movement insensitive to)variations in
the vertical position of the seal lip. This allows.the use of multiple

step split shafts.

FACTORS AFFECTING DESIGN:
The fpllowing factors are important in the desigm of a radial load [device:
Systepm Stiffness: '
Stifff measurfng systems will have Tow measuring errors due to shafft size
effect. A typical electronic device:has a stiffer system and lowef
measprement errors, due to the shaftisize change effect, than a typical

mechpnical device (see Figure 2).OTherefore, electronic devices are
prefprred.

DEFLECTION CURVE
TOTAL MOVEMENT VS TOTAL FORCE READING

100 o

1
w
]

VIC'g

TOTAL HORCE (N)

g .
1

",
. ot
R
N
N
weC:

"
o
—4

T T Y - T
0 .025 23 -07§ .100 125
DEFLECTION (mm})

FIGURE 2

-4 -


https://saenorm.com/api/?name=50a42b7f25c432029bc894d4b6f4681f

SAE J1901 Revision SEP90

5.2

5.3

5.4

6.

6.1

Shaft S

uspension:

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

suspens

the ver

tical position of the seal Tip.

A digital readout that locks the reading after a set time delay is essential
urate readings. This is due to stress relaxation of the sealing
1ip(s) on the shaft which results in a constantly changing reading.
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ily calibrated. This calibration should be done monthly.
\FFECTING MEASUREMENTS:
pwing factors can affect the measurement of radial load:

Relaxation:

tially as a function of time (see Figure 3).

d in four basic polymer types ¢, The approximate time to reach

t decay rate (0.0055 N/cm/s)iat a constant temperature is as f
rile: 25 s
yacrylate: 10 s
icone: 3 s
proelastomer: 30%s

ecommended that a standard time delay be estabiished at 30 s f

Is.
\ Q-AY —_— /— MEASURE

ere run by the Rubber Manufacturers Association (RMA) with seqls

t must be capable of dead weight calibration. Most units’evaluated

seal is placed on a shaft, the radial force the 1ip exerts degreases

a
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FIGURE 3 - Stress Relaxation Curve
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6.2 Seal

Seal

Temperature:

s are sometimes stored in areas that may get very hot or cold.

Measuring these seals before they reach a standard temperature can have a
ificant effect on the results. Measurements were made with seals
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7. SIGNI
Radia

oil s
devel

uced in four basic polymer types. The approximate differences
1°C temperature differential from 21°C were:

Nitrile: +6%
Polyacrylate: o +8%

based on

SiTicone: T 3%
Fluoroelastomer: +12%

5 suggested that the seals be stored at 21°C + 3 for 24Ch~prio
irement. Room temperature has been chosen for convenience of

pction, and measurement. To determine the effects of applicat
itions on radial load, the seals may be tested affer a hot oil
brature and time mutually agreeable to both user. and manufactu

Interval Between Readings:

5 known that certain types of seal matert¥als, such as preswell
Cone, experience a significant change.in radial force with tim
to the effects of the preswell Tubricant. An offset in the
fication between seal supplier measurement and seal user meas
pe required in these cases. Alsp, when making multiple readin
seals to establish a mean, the seals must be allowed to relax
ben readings. - S -

FICANCE OF LIP FORCE MEASUREMENT:
force values are dependant on the materials and the design o

pal. At the presént time, these values should be used as a de
ppment tool rather than a production inspection procedure.
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The (R) is for the convenience of the user in 1ocating areas where technical
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.

revisions
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RATIONALE:

J1901 SEP90

Not applicable.

RELATIONSHIP OF SAE STANDARD TO ISO STANDARD:

Not applicabtle.

APPLICATION:

This SAE Recommended Practice defines radial 1ip force for shaft seals. 'The
principle of lip force measurement is described and the types of radial force

measuring de
procedure fd

REFERENCES:
SAE J111 §

vices are discussed. A type of radial force measuring devige

v use is recommended.
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