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SCOPE :

This SAE Recommended Practice covers equipment and procedures For general

operating

Descriptilon of Test Apparatus:
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conditions.

t head shall consist of an externally mounted spindle and a
e housing for retaining the test fluid and positioning the
spect to the rotating test shaft (Figure 1).

ndle shall be capable of cycling and/or maintaining constan
within +3%.

ndle shall bhe-rigid enough to maintain the specified test f§
under dynamic conditions within +0.001 in (+0.03 mm) up to
ince high-frequency vibrations imposed on the driveshaft dz
echanism or eccentric positioning of the tooling is detrim
alification, these conditions should be avoided or kept to

performance and low temperature tests on radial 1ip type seals for rotating
shafts. Three test sections are included: General Performance Test
Alternate |General Performance Test, and Low Temperature- Test.
GENERAL PERFORMANCE TEST:
Introductlion: This section covers equipment and procedures for hign
temperature tests to qualify radial lip type.seals using applicatio

seal(s)

t shaft

haft
6000

e to the
ntal to
a

O

Copyright 1990 Society of Automotive Engineers, Inc.

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

written comments and suggestions.

SAE reviews each technical report at least every five years at which timegay be reaffirmed, revised, or cancelled. SAE invites your

All nghts reserved.

Printed in U.S..A.



https://saenorm.com/api/?name=95af964c78e35a9479d13443dd34c6ad

J110 Revision JUN85S

FINS-HEAT
TRANSFER |

SUPPORT ROD | -

THER

—m .
: SPINDL : i
r_L?_‘L_ | e =
S | |

' i

[0 S
! x
END PLATE | 4%
(TEST SEAL |
RETAINER) | ) ArBOR DRAIN{BAKAGE
s |1551]7 HOUSING COLLECTOR 3
CHAMBER } S st seall o =
(OPTIONAL)/ | pmtoee \ <2
T 2\ o . I
AN 2 s Y H) —
. \ 7 * .
=4 72 | B spacer N : : . ‘
Al N N : HEATING AN (S
ARG A S AN St AN
P W Stk GAUGE. \Xud
( . TEST FLUID
rest | owur. RETINNG |7 |LNER BALL BUSHING
SHAFT | RETAINING PLATE
SCHEw. 8. .
RETAINING DRAIN T
END PLATE (TEST SEAL RETAINER)

FILLER (TEST FLUID)

INLET-HEATY
TRANSFER FLUID

HEAT TRANSFER
CHAMBER

OUTLET-HEAT |\

i : ] TRANSFER FLUID

Lol

{TEST F\UlD?‘

MWOMETER L~ LEAKAGE COLLECTOR (FELT PAD)

(TES|f FLUID)
TOP VIEW °'lHHEEAADT (3] ’ SLEEAC
. SECTION A-A
FIGURE 1 - Schematic Showing-Top View/Cross Section of Standard

2.2.4 The te
preset
mm) th

2.2.4.1 The

vibr

0il1 or Electrically Heated Seal Test Head

st head shall be ‘suitably designed and constructed to maint
seal bore alignment to the test shaft axis within +0.001 f
rough the operating temperature range.

test head<support shall be sufficiently rigid to insure min
ation,

TEST FLUID CHAMBER
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1HSG WALL

TEST FLUID)

TRICALLY
ED HEAD

ain the
n (+0.03

fmum

2.2.4.2 The
for

and

2.2.4.3
dete

test-head shall be sui

test fluid level conditions required for the test.

rmination, such as a collector and/or absorption pads.

tably constructed and equipped to compensate
misalignment due to f9mpenaiuLe_gnadient_and_ig_mainiﬁin_pﬂeSSure

The test head shall be equipped with a suitable arrangement for leakage
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2.2.4.4 The test head and heat transfer system shall be capable of maintaining

2.2.4.5

(R)

the temperature of the test fluid within +5°F (+3°C).

Heat must be

supplied in a manner that does not subject the test fluid to high

Tocal

ized temperatures and cause fluid decomposition.

Two acceptable

methods would be external electrical heaters with wall temperature
controllers or circulation of externally heated fluid (Figure ».1

The test head shall be vented to the atmosphere.

Length of pipe

be agreed upon by user and supplier.

2.2.5 Test shafts shall be hardened to 30 to 45 R, and plunge ground to

(R)

2.4

surface
measura
be obta
work-pi
be agre
applica
be free

Test Cond

operating
of Figure

In the event that actual application operating conditions are not kn

are diffi
Table 2 o
seal desi
completio

Test Sche

a guide f
predeterm
Table 1.
period of
the test

vent to

roughness of 10 to 20 pin Ry, (0.25 to 0.50 pm) with no

ble lead, unless agreed upon by user and supplier. This\fi
ned by plunge grinding using a non-whole number wheel’to

pce speed ratio. Finishing methods other than plunge~grind
pd upon by user and supplier. If wear sleeves are used for
tion, they should also be tested. A1l test shaft surfaces
of nicks, burrs, inclusions, or other detrimental imperfec

tions: The test should be realistic andicover the applica
conditions. The operating conditions .shall be shown in th
2.

fult to duplicate on test equipment, test conditions shown
~ Table 3 are recommended. Intaddition, it is recommended
yn be evaluated in the actual~application following success
n of the laboratory test,

Jule: The actual application operation conditions should s
br the selection of (the test schedule. It shall consist off

The test temperature shall be maintained during the shutdo

the hourly cycte. During the shutdown period of the daily
nead temperature should be allowed to drop to ambient.

TABLE 1 - Test Schedule

Cycte Running Time Shutdown Time

nish may

ing to
the

should
tions.

tion
e form

own or
on

that a

ful

erve as

a

ined number of hourly and/or daily test cycles such as shown in
wn

cycle,

Hourly 45 min 15 min

Dally 20 h 4h

VInformation on machines which are commercially available and meet these
specifications may be obtained from the following sources:
Balance Engineering Activity, Manufacturing Staff, General Motors Corp., 6490

East 12 Mile Rd., Warren, MI

48090.

Chicago Rawhide Manufacturing Co., 900 N. State St., Elgin, IL 60120.
Victor Products Div., Dana Corp., P.0O. Box 1333 Chicago, IL 60690.
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SHAFT: Material Finish Hardness
RH
Max. Dia. Min. Dia. Lead
LH
RH
Dynamic Runout Rotation® RPM
LH
Reciprocation (CPM) Length
BORE: Material Finish Hardness
Max. Dia. Min. Dia. Depth
Misalignment to Shaft
Seal Assembly information
FLUID:  Manufacturer Brand Viscosity
Pressure Level
Temp. Max. Temp: Min.
ADDITIONAL DATA:
QUALIFICATION OR QUALITY CONTROL TEST:
Test Schedule Test Cycles

Test Temperature(s)

Allowable Leakage

* As viewed from the outside face of the seal.

FIGURE 2 - Seal Application Data Chart

O
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TABLE 2A - Test Parameters? - Automotive (Front Wheel Drive)

Axle Engine Transmission
Application Driven Dead Front R Front Output Manual
Wheel Axle ron ear Pump Shaft Input
Shaft Runout—{T.LR.
(Total Indicator Reading}]
in 0.010 0.010 0.010 0.010 0.010 0.016 0.010
{mm) {0.25) 0.25) {0.25) {0.25) 0.25) 0.40) 10.25
STBM® Offset
in 0.005 0.010 0.010 0.005 0.005 0.008 0.010
{mm) {0.13) {0.25) {0.25) 0.13} {0.13) 10720) 0.25)
Rotation Either Either Clockwise é::::::e Clockwise Either Clockwise
Speed|rpm< 100 100 300 300 300 100 300
Cold*
Test Tempetature
°F o §° —40 —40 —40 —40 —40 —40 —40
(°C 4 3°) (—40) {40} (—40} (—40) (—40) (—40) (—40)
Reverse 2 min ot 2 min at 2 min ot
Rotalion 200 rpm 200 rpm None None None 200 rpm None
Speed rpm 1200 1200 5000 5000 5000¢ 1200 5000
Hot
Tost Tempetature Auto. 250
°F A 5° 220 180 285 285 300 (21 225
(°C 4 3°) (104) { 82) (141) {141) (149) Man. 225 (107)
{107}
Duration Hours 350 : 350 350 350 400 350 350
1

* To be used in the event thgt the actual application parameters are not used.

® Shaft to bore misalignment [(STBMI—total indicator reading is double the Value-listed.

¢ Rate of acceleration to be ggreed upon by user and supplier.

4 Reciprocation at 10 strokes|per min, ot on amplitude of 0.10 in (2.5 mmiduring shatt rotation part of cycle.
¢ for duration see paragraph} 4.5, 4.6, and 4.7.
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TABLE 2B - Test Parameters? - Automotive (Rear Wheel Drive)

Axle Engine Transmission
Application .. Front Manval
Pinion Whee! Front Rear Pump Rear Input
Shaft Runout—{T.L.R.
{Total Indicator Reading)]
in 0.010 0.010 0.010 0.010 0.010 0.010 0.010
(mm) {0.25) {0.25} {0.25) (0.25) (0.25) (0.25) (0.25)
STBM® Offset
in 0.005. 5-040 -0+ 6005 ©-805 0-6+0 0.010
{mm) {0.13) {0.25} {0.25) {0.13} 10.13} 0.25) (0.25)
Rotation Clockwise Either Clockwise C(:I::I?\:rse Clockwise C‘:I:::::e Clockwise
Spped rpm¢ 300 100 300 300 300 300 300
Cold
Test! Temperature
F *~ 5° —40 —40 —40 —40 —40 —40 40
(1€ =39 (—40) (—40) (—40) (—40) {40} (—40) (—40}
- Heverse 2 min at 2 min at 2 min at
Rotation 600 rpm 200 rpm None None None 600 rpm None
Seeed rpm 3600 1200 3600 3600 36009 3600° 3600
Hot
Test Terhperature Auto. 250
) F = §° 210 150 250 250 300 {121) 225
(1€ = 3°) { 99} { 66) (12N 21 {149} Man. 200 (107}
. { 93)
Durgtion Hours 350 350 350 350 400 350 350

* To be used in the event]

that the actual application parameters are not used.

b Shaft to bore misclignmient (STBM}—total indicator reading is double the volue fisted.

¢ Rate of acceleration to pe agreed upon by user and suppiier.

9 Reciprocation at 10 strgkes per min, at an amplitude of 0.10 in (2.5 mm) during shaft rotation.
¢ Reciprocation ot 15 strakes per minute, ot an amplitude of 0.50 in (12.7 mj during shaft rotation.
! For duration see paragrdphs 4.5, 4.6, and 4.7.



https://saenorm.com/api/?name=95af964c78e35a9479d13443dd34c6ad

)

J110 Revision JUN85

TABLE 3 - Test Parametersd - Off Highway Equipment and General

Engine Axie
Lo Thru-Shaft
Application A‘;'."‘"y Front Rear Pinion Tandem Wheel General
rive Pinion
Shaft Runout—{T.I.R.
(Total Indicator Reading)]
in 0.015 0.010 0.010 0.010 0.010 0.015 0.010
{mm) (0.38) (0.25) {0.25) (0.25) {0.25) (0.38) (0.25)
STBM® Offset
in 0.010 0.010 ¢.010 0.005 0.010 0.010 0.005
(mm) {0.25) {0.25) {0.25) 0.13) {0.25) {0£25) 0.13)
Rotation Either Clockwise CCIZ:::'se Clockwise C\i:::\':v'se Either Either
Speed rpm* 300 200 200 150 150 60 200
Coldd
Tost Tempdrature
°F ¥ 5° --40 —40 —40 —40 —40, —40 —40
(°C 1 3°) {—40} {—40) (—40) {—40) (=40} {—40} {—40)
Revprse 2 min at 2 min at 2 min ot
Rotgtion None None None 300 rpm 300 rpm 40 rpm None
Speedl rpm 3000 3000 3000 3000 3000 1000 3000
Hot
Tost Tempdrature
°F ¥ 5° 250 275 275 200 200 180 225
{°C ¥ 3°) {121} {135} (135) { 93) { 93) ( 82) {107)
Duratiop Hours 350 350 350 350 350 350 350

® To be used in the event th:

t the actuol applicatior

n parameters are not used.

® Shaft to bore misalig t
 Rate of accelerotion to be

(STBM}—total ind

d For duration see paragrapHs 4.5, 4.6, ond 4.7.

reading is double the value listed.

bgreed upon by user and supplier.
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5.4 The sdal must be installed in the seal“retainer so that the cumu|

2.5.

2.5.

2.5.

.5 The pl
otherwise specified.

.7 Test f

Test Procedure:

.1 In order to analyze the test results more accurately, it is recommended

that the following physical characteristic seal data be obtained before
and after testing.

—
.
—

Lip

1.2 Lip

.1.3 Outer—czsemean—diameter—andott—of=rothg—

.1.4 Seal 1ip to case OD eccentricity.

.1.5 Seal 1ips shall be inspected at 7 to 10 diameters magnificatio
chigping, scratches, and ragged edges due to faulty trxim, in a
mold imperfections such as knit 1ines, incomplete £i1ls, or bl

.2 The tdst head must be thoroughly cleaned of all, contaminants and
extrareous matter.

diameter.

opening pressure.

for
dition to
stering.

.3 The sdal 1ip and test shaft shall be Tubricated with a small quaptity of
the tgst fluid.

ative

eccentiricities of the seal and thectest head are known when installed.

Means

in the seal retainer plate.

.6 The tést shaft shall be placed in such a position that an unused

is in

fluid
seals

must be provided to insure-no OD leakage when the seal is |

ane of the seal lip-shall be perpendicular to the shaft axj

contact with\.the sealing element.

havé/no static head of oil as they are splash lubricated.

nstalled
s unless

surface

Fluid level shall be mid-shaft except for engine seals wherp the
level should be at the lower 1/8 of the shaft diameter. Epgine

8 The téstishall be started and conducted in accordance with the prescribed
test schedule.

9 Determine time to leakage if it occurs. If leakage is excessive,
terminate the test.

10 Upon termination of the test, the seal and test shaft shall be carefully
examined and their conditions evaluated and recorded.

.11 A minimum of six seals is to be tested.
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3.2

(R)

2.6.

) 2.6 Criteria for Acceptance and Rejection:
2.6.

1 Undesirable fluid leakage rates past the seal lip, as evidenced by visual
examination prior to completion of the test schedule. An accepted visual
method of rating seal leakage during test is as follows:

Rating
No. Condition
[ No visible leakage of shaft-seal 1ip contact when
viewed from air side-
2 A small miniscus of oil visible at shaft-seal(lfip
contact.
3 Same as (2) but a continued wetting of sead lip
(air side) and seal case.
4 Heavy wetting of seal at air side continuing down

seal adapter plate.

.1.1 Criteria for acceptance will vary with test duration and applicaftion

requivrements. Ratings of 1 or 2 would be acceptable in all instpnces.
Allowable leakage for rating 3 or 4 should be agreed upon by user and

supplijer.

2 Uneven|wear occurring in a small arc of-the seal contact path. This
conditjon appears as a significant increase in wear path width whiich

occurs|in an arc of 45 to 180 deg.

after test.
be:

set.

ALTERNATE GENERAL PERFORMANCE TEST:

.3 Excessiye changes in dimensional.@nd physical properties of the sepl lip

Typical values which can be used for rejection criterfia would

.3.1 Changeé in material hardness at seal contact surface in excess of| +10
points of IRHD. :

.3.2 Loss ¢f seal liplinterference in excess of 50% due to material tension

.6.3.3 Loss ¢f spring force in excess of 10% due to thermal stress religef.

3.3.

Introduction:

This section is for spring-loaded seals only, where it is not

feasible to conduct qualification and/or quality control tests under
conditions that duplicate the application per the application data sheets;
because the seal is used in a variety of applications, the seal is used
under unknown conditions, or the seal is used under conditions that are
exceptionally difficult to duplicate in the laboratory.

Description of Test Apparatus: See 2.2.

<:E> 3.3 Test Conditions: These tests shall be conducted as follows:

1 Shaft offset shall be 0.010 in (0.25 mm) TIR. Dynamic runout shall be
0.010 in (0.25 mm) TIR.

-9 -
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The shaft shall rotate at the rate of 1200 ft/min (6.1 m/s) for leather

seals and 2000 ft/min (10 m/s) for synthetic seals. In either case, the
maximum shaft speed shall not exceed 4000 rpm.
The test fluid shall be SAE 10 motor oil.
The test fluid temperature shall be 160 + 5°F (71 + 3°C) for leather seals
and 200 + 5°F (93 + 3°C) for synthetic seals.
The test fluid level shall be at centerline of shaft and operate at
atmospheric pressure.

Test Schedule: The test shall consist of 10 daily cycles. (See Table 1.)

LOW TEMP

FRATURE TEST:

.1 Introduttion:

“tempera
functio
evaluat
Dynamic

N

Descript

This section covers equipment and procedures for 10
ture tests to qualify a radial lip type sealCdesign. Three
nal test methods described are (1) Prelimidary Screening Te
b crack resistance, (2) Dynamic Cold CycMng Test, and (3)
Functional Test to evaluate seal performance and efficieng

ion of Test Apparatus:

2.1 The t

cooli
room

The t

polys
tempe

.3 Test Sp

bst equipment specified in 2.25(Figure 1) should be fitted
ng jacket or coils, or the entire machine may be placed in

bst head should be insulated with a minimum of 2 in (50 mm)
tyrene foam (or equivalent) in order to maintain the specif
ratures. :

bcimens:

Two ¢
(2) s
seals
appli
selec
Three

.4 Pretest

roups of <seals shall be used for test samples: (1) new se3

on dpplication size shaft and position assembly horizontal
ration fluid to shaft centerline for 70 h, at the temperatu

to obtain the desired low(temperatures of the seal assembly.

bals that have been aged in the application fluid as follows:

W

st to
Optional

Yy .

with a
a cold

of
jed

1s and
Place
1y in

re

ted for the application from Table 2 or 3. Recommended san

ple size -

seals from each group.

Measurements and Preparation:

4.1

In order to analyze the test results more accurately, it is recommended

that the following physical characteristic seal data be obtained before

and a
4.1.1 Lip
.4.1.2 Lip
.4.1.3 Out

fter testing:
diameter.
opening pressure.

er case mean diameter and out-of-round.

P

- 10 -
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4.5.

D as.

4.4

1.4 Radial wall variation.

1.5 Spring load at specified deflected length.

1.6 Visual examination of seal lips under 7-10X magnification.

1.7 Shaft diameter and axial surface roughness.

2 Shafts should be examined under 20X magnification and be free of defects
that would be detrimental to sealing, such as nicks, burrs, scratches, and
machinipg—tead-

Install| the test shafts and set dynamic runout and bore misalighment,

using efither Table 2 or 3 as a guide.

Pre-lubg the sealing element and/or shaft as specified for.the application.
Install| the seals in the test machine so that the minimum radial wall
dimenston and bore misalignment are on the same lire, to provide the least
possibig¢ 1ip interference at one point.

6 Install|two thermocouples, one at approximately 0.5 in (13 mm) from the
bottom of the seal lip, in the test fluid and one in the garter spring.

It is recommended that a 0.005 in (0.13.mm) thick piece of shim stpck,
with a thermocouple bonded to it, be inserted between the garter spring
coils tp minimize sealing element distortion.

Pretiminary Screening Test:
This tegt is to serve as a screening test to quickly evaluate the
capabiljty of a seal material and design to resist cracking when fllexed by
the dynamic runout of the shaft. The application operating conditfions
should gerve as a guide)in selected test parameters. When applicaltion
conditigns are not available, it is recommended that the values in| Table 2
or 3 be|used.
Test Speécimens:. See 4.3.
Pretest|Measurements and Preparation: See 4.4.

.4 Test Schedule: The test shall be started and conducted in accordance with
the following schedule:

4.1 MWithout any test lubricant in the sump, lower the seal temperature to

the value specified for the application.

.4.2 Maintain the seal temperature for a minimum of 2 h to insure equilibrium

has been obtained.

4.3 Rotate the shaft at 60 rpm + 10% for a 10 s period.

Heat test head to room temperature and remove seals from machine.

-1 -
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4.5.

4.6

4.6.

4.7

4.7.

4.7

~nNo

3
.4 Test $chedule:

.4.6 Stop machine and repeat for a minimum of 10 test cycles.

4.5 Upon termination of the test, the seal 1ip(s) should be examined for
failure. The 1ip sections should be inspected for axial cracking at the
contact line and radial cracking through the flex section. Typical
failures consist of cracking through the 1ip sections (axially and
circumferentially).

Test Procedure 2 — Dynamic Cold Cycling Test:

1 This test should serve to evaluate the cold abrasion and leakage

characteristics of a seal material and design. The actual application
opera'?ng conditions—should—serve as—a nnidn for—the test schedule. MWhere

THT— Tt o Eo

it is|not feasible to conduct tests under conditions that duplicpte the
appligation, it is recommended that the values in Table 2 ori3’bp used.

Test $pecimens: See 4.3.

Pretest Measurements and Preparation: See 4.4.

.4.1 Lowér test head temperature to the value specified for the appflication.

.6.4.2 MWhen all the thermocouples indicate.specified temperatures, sopk for an

addjtional 15 min to insure equilibrium has been reached.

.4.3 Terminate cooling, start the machine and run at cold test applfication

speed shown on Table 2 or 3:.for 10 min.

.4.4 Inctease speed to hot test specification as shown in Table 2 or 3 and

continue operation untiV the sump temperature reaches 68 + 5°F
20|+ 3°0).

.4.5 Stop machine and._reverse rotation, if required by the applicatfion, for

2 min as shown.in Table 2 or 3.

.6.4.7 Upoh termination of the test, remove seals from the test machijpe and

inspect for lip cracking and wear characteristics

.4.8 Criteria for wear rate, with respect to acceptance or rejection, is

presently being studied. Acceptance will vary with test duration and
application.

Test Procedure 3 - (Optional) Dynamic Functional Test:

1 This test should serve to evaluate abrasion and leakage characterist1cs
under hot and cold dynamic conditions.

.2 Test Specimens: See 4.3.

- 12 -
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