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RADIAL LIP SEAL TORQUE: MEASUREMENT METHODS AND RESULTS
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2.1.2 The shaft size shall be recorded and must conform to SAE standards shown
fn Table 1 (Reference 1).

TABLE 1 - Shaft Diameter Tolerances

Millimeter (mm) Inches
Shaft Diameter Tolerance Shaft Diameter Tolerance
through 75.0 +0.08 “through 3.000 +0}1003
75.01 to 150.0 | +0.10 3.001 to 6.000 +01004
150/01 to 250.0 +0.13 6.001 to 10.000 +01005

2.1.3 The|shaft must conform to SAE standards with.@ surface roughnes$ of 0.25
- to 9.50 uym (10 to 20 uin) Ra, a machine lead.angle of 0 + 3 min|and a
hardgness of Rockwell C30 minimum (Reference 1,2).

2.1.4 The|dynamic runout of the shaft shallcbe measured with a dial ipdicator
and |should be less than 0.08 mm (0.003 in) TIR.

2.1.5 The(seal 1ip ID and radial force«{Reference 3,4) shall be measuted. and
recqrded.

2.1.6 The([test shall normally be conducted at room temperature. If values at
eleyated temperatures are desired, then the test fixture shown in Fig. 2
shoyld be equipped with heaters and controlled within +3°C (+5°F). It is
recgmmended that thefixture head be filled with a fluid to prompote heat
transfer and preyent hot spots.

2.1.7 The|seal 1ip{should be Tubricated lightly with oi1 (SAE 30 engine oil is
recommended)

2.1.8 The|sealshall be installed in the fixture.

2.1.9 A torque wrench divided into 0.0T N-m (7.43 o0z-1n) increments or smaller
is placed on the end of the shaft and turned siowly (about 60 rpm). The
torque required to move the shaft is recorded. This procedure will
provide relative information for guidance only. It will not predict the
torque of a seal operating under actual application conditions.
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2.2 Torque Measurement with an Electronic Device:

An electronic tran

sducer can

be placed between a drive motor and a test head (Fig. 3) to provide accurate

torque readings at a variety of application conditions (shaft speed,
temperature,
requirements (Reference 5).
~ reduce system friction.

The test head must meet the standa
It is recommended that air bearings
The intrinsic friction of the spindle as

pressure, etc.).

should be held to less than 1% of the seal torque to be measured.
be verified by measuring the spindlie torque without a seal installed. The
recommended test procedure is:

2.2.1
Tab
2.2.2 The
to
har
2.2.3 The
and
2.2.4 The
rec
2.2.5 The
hou
2.2.6 The
of
tor
con
2.2.7 The
2.2.8 The
is
sea
aff
2.2.9

temperatures then a chart of lubricant viscosity vs.
useful).

le 1 (Reference 1).

shaft must conform to SAE standards with a surface roughnes
D.50 um (10 to 20 pin) Ra, a machine lead angle of 0/4~3 min
iness of Rockwell C30 m1n1mum (Reference 1,2).

dynamic runout of the shaft shall be measuredwith a dial i
recorded.

prded.

seal shall be installed in a suitable end plate and assemb]l
5ing.

shaft shall be inserted intosthe seal. It is important tha
nsertion be standardized since fluid drag on the shaft can

jue readings. It is alsodmportant to standardize the sump

structing more than one'test machine.

shaft-to-bore misaltgnment shall be measured and recorded.
sump shall be(filled to the desired level with the test 1ub

mportant to fi11 the sump to the same level when comparing
designs and/or materials since the amount of fluid in the

ct torque readings.

sump

rd SAE

be used to

sembly
This can

The shaft size shall be recorded and must conform to the SAE standards of

5 of 0.25
and a

ndicator

seal 1ip ID and radial load (Reference 3;°4) shall be measured and

pd onto the

t the depth
influence
volume when

ricant. It
Hifferent
Sump can

pft shall
h to

ump

temperature will be

2.2.10 The torque of the seal shall be measured at 500 rpm after the torque has
stabilized to less than 1% change within any 10 min period.

2.2.11

The shaft speed shall be increased in 500 rpm increments until the

maximum desired surface speed is reached. The torque is recorded at each

speed after the torque value has stabiTized to less than a 1% variation
within a 10 min period.
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2.2.12 A curve of seal torque vs. shaft speed shall be generated (Not

the sump temperature is maintained constant,

e: even if

seal underlip temperature

will increase with speed and affect the viscosity of the fluid in the
immediate vicinity of the seal 1ip. This will have a diminish
on true seal torque and must be considered when analyzing torque Vs.
speed results).

ing effect

2.2.13 Torque data should always be qualified by specifying the fo]lowing
conditions:

a.

Speed

b.

3. CALCULA

The po
and sh
inches
follow

Php
Php
Pkw
Pkw
Tnm
Tol
Pkw
Php

Where:

Sump temperature
Fill level and volume
0il type and viscosity .

Set-up geometry [Shaft-to-Bore Misalignment<(STBM), Dynami

- (DRO), and Angular Misalignment or Seal .Cock]

Direction of shaft rotation
TION OF POWER CONSUMPTION:

er (Pkw or Php) consumed by the 0il seal is the product of

ft speed(s). Torque is usually measured in Newton meters ot

and- the shaft speed is measured in revolutions per minute (
ng equations are used to<calculate power:

917 x 10-7 (To1 S) horsepower
.404 x 10~4 (Tom ) horsepower
.395 x 10-7 (Toi\S) kilowatts
.046 x 10~4 (Tnin' S) kilowatts
.063 x 10-3 Toi

41.6 Tnm

.7457 Php

.341 PKw

"Toi" is torque in ounce inch

c- Run-Out

forque (T)
ounce
rpm). The

"S" {s shaft speed in rpm
"Php" is power in horsepower
"Pkw" is power in kilowatts
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4.1

4.2

4.3

4.4

4.5

N IT EAL TORQUE MEASUREMENTS:

011 seal torque depends upon many variables which include seal design,
material, and operating parameters. Actual test data is presented to define
how variations in operating parameters affect seal torque and power
consumption. This data is meant to be used as a guide only and the absolute
values obtained are valid only for the seal design and material tested. The
trends shown in the curves will apply to other seal designs and material.
Absolute torque values for other seal designs and materials must be measured
with electronic equipment similar to that described in 2.2.

0 orgue and Powe onsumption vs. peed: At a cohstant
tempe ature with a full sump, seal torque d1ps slightly from &he breakaway
value|at Tow speeds and then increases approximately linearly with speed
(Fig.|4). Seal power consumption increases as speed increases (Ffig. 5).

asing sump
materials

s a

p

torque and
grade seal
ces 6,7).

9 : erque and Powe 9, 119, QI 119 clpera re. Incr
tempe ature reduces fluid viscosity (F1g 6), softens elastomeric
and causes the seal 1ip ID to change. The net short’ term result
reduction in torque (Fig. 7) and power consumption (Fig. 8) as su
temperatures increase. Increasing the sump temperature to reduce
power|consumption 1s not recommended since.excessive heat could d
11p materials and lubricants, thus causingrearly failures (Refere

111 level
Tow

nt of sump
que values
rag on the
mp levels
mption

re.

h high
han fluids

eal Jorque and Power Consumption vs. p Fill Level: The sump
affects seal torque (Fig. 9) and power consumption (Fig. 10). At
speed$, seal torque and power consumption are relatively independ
fi111 Jevel. At high speeds, the effect is more dramatic. The to
and power consumption decrease-as fluid level is lowered. Fluid
rotatjng shaft is also reduced. It is not recommended that oil s
be lowered in actual applications to reduce torque and power cons
since|low lubricant levels may result in bearing and/or seal fail

Seal [orque and Power Consumption vs. Fluid Viscosity: Fluids wi
viscogities generate higher torque and greater power consumption
with Jow viscosity. At 5000 rpm, seals run in SAE 50 oil have to
about| 40% higher than the same seals run in SAE 10W oil (Fig. 11)}
power| constmption in SAE 50 oil is also about 40% higher than the
consupption in SAE 10W of1 at 5000 rpm (Fig. 12). Lubricants wit
viscopfttes recommended by the equipment manufacturer should be u

viscosity f1u1ds can result in catastrophic equipment failure.

r haft-to-Bore Misalignm TBM
DRQ): Tests show that varying the STBM and DRO from 0.000
to 0.5 mm (0 000 to 0.020 in) had no effect on seal torque and power
consumption.



https://saenorm.com/api/?name=acf2b560a3b19d7dbcc20148ceed39b9

R T S i —

Page 9 SAE, J1971
~
SEAL MATERIAL FLUOROELASTOMER
SHAFT SIZE 76.2 mm (3.000 in)
BORE SIZE 101.6 mm (4.000 in)
WIDTH 12.7 mm (0.500 in)
TEST FLUID MOBIL 1
STBM 0.0
D.R.O. - - - LESS THAN 0.08 mm (0.003 in)
DIRECTION OF SHAFT ROTATION —===- CW
BREAK IN PROCEDURE —————omeeee 20 HOUR BREAK IN AT-ZOOO'RPM AND
i ' 149°C (300°F) °
SUMP LEVEL FULL
SUMP TEMPERATURE 149°C (300°F)
80
2 —+
70 149°C (300°F) T SF 0.5
) .
2R
///
60 —
Pt —+40,4
" Z
501- >
TORQUE 40 y 193  yoRaue
(0z IN) // (N| M)
30 30,2
20
=o, |
{0
0 1000 2000 3000 4000 5000 6000 7000

SHAFT SPEED (RPM)

FIGURE 4 - Seal Torque vs. Shaft Speed
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SEAL MATERIAL --------cccecvcceno FLUODROELASTOMER
SHAFT SIZE ~--- 76,2 mm (3.000 (n)
BORE SIZE 101,6 mam {4.000 (n)
WIDTH -=-------oommone 12,7 mm (0.500 (n)
TEST FLUID MOBIL |
STBM —-=-----memmomcmcmceeeeeo 0.0 ’
DRD, ---cccooomemem o - LFSS THAN O 08 mm (O 003 in)
DIRECTION OF SHAFT ROTATION --- CW.
BREAK IN PROCEDURE --~=-==me=-- 20 HOUR BREAK IN AT 2000 RPM AND
149°C {300°F)
SUMP LEVEL ~----=rmo=mmemmnann FULL
‘SUMP TEMPERATURE ----emecomoeaao 149°C (300°F)
0.7
—+40.5
0.6
=0.4
0.5
/
PO // PDWER
WER 0.4 0.3 E
(HP )/ KW)
/
//
0.3 va
/\ —+0.2
F | S— 149°C
0.2 v (300° F )
//
_...O |
0.1 pd
'/'
|~

0

fO00 2000 3000 4000 5000 6000 7000
SHAFT SPEED (RPM)

FIGURE 5 - Power vs. Shaft Speed
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SEAL MATERIAL -------mecwoconon- FLUOROELASTOMER
SHAFT SIZE =--=-=--rmemmmccaoae 76,2 mm (3.000 (n)
BORE SIZE ----==--e-mmcccnoco- 101 ,6 mm (4.000 (n)
WIDTH ===-==msmcommmmomcccmcan 12.7 mm (0.500 (n)
TEST FLUID =---=s==cmmemommmnn MOBIL |
STBM ==-==cmmommomcomoaoceeeaas 0 X
DR.O ------eccrcccmrcccccceae LESS THAN 0.003 INCH (0,076 mm)
DIRECTION OF SHAFT ROTATION --- CW
BREAK IN PROCEDURE =-=--=-==cwcec--- 20 HOUR BREAK IN AT 2000 RPM AND
149°C (300°F)
SUMP LEVEL -------------------- FULL
100 =
FO.?
90 5
]
0.6
80 ,//;/
L /z/)/
200" F— ' L~
70 4 (93" C)—\ // gt | =0,5
S
60 V. XA
L AN AN —0,4
K N\ 250° F
50 > \ (121*C)
: N\~300°F ~
TORQUE 40 | A4 oo R 0.3 t1qrauE
(0Z IN) W - (N M)
30 0.
20
=30, |
10
0 1000 2000 3000 4000 5000 6000 7000

SHAFT SPEED (RPM)

FIGURE 7 - Effect of Sump Temperature on Seal Torque

———

S
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SEAL MATERIAL -------------=--- FLUOROELASTOMER
SHAFT SIZE ~--=-====rececacccm- 76.2 mm (3.000 (n) .
BORE SIZE ~==--c--scwcccmmcccen= 101,6 mm (4.000 (n)
WIDTH ~---===-==msmmmmmmmmomece 12.7 mm {0.500 (n)
TEST FLUID =-=----====mccm--oon MOBIL |
STBM ==ccccosocoosomomoooooooos 00
DRDO =~-crmrmreemcccrrccrccccn LESS THAN 0,08 mm (0.003 (n)
DIRECTION OF SHAFT ROTATION --- CW
BREAK-IN PROCEDURE ---------=--- 20 HOUR BREAK-IN AT 2000 RPM)HAND
149°C (300°F)
SUMP LEVEL -===========-cc-moo- FULL
0.7
0.5
0.6
// 0.4
0.5 //////
) ///
: 93°C =
POWER 0.4 (200°F) \;77;’;/ 0.3  FOWER
HP _
I //////
121° C——
0.3 (250° F) 7}4 A
A/ —10.2
gy 149°C
/f; 00°F)
012 / ,
o4
—o.1
0.l - Z
0 1000 2000 3000 4000 5000 6000 7000

SHAFT SPEED (RPM)

FIGURE 8 - Effect of Sump Temperature on Seal Power Consumption



https://saenorm.com/api/?name=acf2b560a3b19d7dbcc20148ceed39b9

FIGURE 9 - Effect of Sump Fill Level on Seal Torque
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| | SEAL MATERTAL ------ccocmomeems FLUOROELASTOMER
SHAFT SIZE ~-----m-mmmommmmmm- 76.2 mm (3.000 (n)
BORE SIZE ---=-----=ccccceennn- 101,6 mm (4.000 (n)
20 +— WIDJH =---s~s=mmmmcccccaconcnn- 12,7 mm (0.500 (n)
TEST FLUID ~---=---cm-cmcomene- MOBIL |
STBM —---mmmmmecccemccco e 0.0
DJR.O. =-=-m-mmmmmmccmccmmman- LESS THAN 0,08 mm (0.003 (n)
DIRECTION UF SHAFT ROTATION --- CW —0, |
BREAK-IN PROCEDURE ---=-=-====-- 20 HOUR BREAK-IN AT 2000 RPM AND
149°C (300°F)
IO = SUMP TEMPERATURE ---=====scccu= 93°C (200°F)
0 | 000 2000 4000 5000 6000 7000
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SEAL MATERTIAL ----------=m-==o-- FLUOROELASTOMER
SHAFT SIZE ~-----==-cccmceccwa-- 76,2 mm (3.000 «n)
BORE SIZE ----------;-cmeeeemo- t01.6 mm (4.000 (n)
WIDTH ----o-mmmmmmmmmme e o 12,7 mm (0.500 (n)
TEST FLUID -=-=========-==oooo- MOBIL |
STBM -—--------<-----------=--= 0.0
DRO. ----------c-mmmermrceao LESS THAN 0,08 mm (0.003 (n)
DIRECTION OF SHAFT ROTATION --- CW
BREAK-IN PROCEDURE ------=-=w-- 20 HOUR BREAK-IN AT 2000 RPM-AND
149°C (300°F)
SUMP TEMPERATURE -----=--=~=----- 93°C (200°F) 4
0.7
—+0.5
0.6
/
AL
0.5 HALF
sHAFT NV | A
4
POWER DOWER
Tt SR FULL 4 0.3 (KW)
SHAF T e //
0.3 //,::: 7
gd ,A\‘<: _ —+40.2
/’/' ‘ QUARTER
ol2 45 SHAF T
'/ .
—o0.1
0.1
41 |
0 1000 2000 3000 4000 5000 6000 7000

SHAFT SPEED (RPM)

FIGURE 10 - Effect of Sump Fill Level on Seal Power Consumption
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SEAL MATERIAL

SHAFT SIZE -=------
BREAK-IN PROCEDURE

SUMP TEMPERATURE

------------ NITRILE
76.2 mm (3.000 (n)

20 HOUR BREAK-IN AT 2150 RPM
T 93'C (200" F)

D.R.O. —-=-memmmmmmeecm oo 0,13 mm (0.005(n) TIR
STBM === mem e 0,13 mm (0.005 (n)
SUMP LEVEL -=----=--=-occooeoo—- FULL .. . .
100 - 0,7
90 ~
// —r— 0.6
80 /’/, ’/,
</ &
25 » \Q
60 A S ’/
/ / / ___.o ‘4
SEAL TORQUE g /// // | SEAL TORQUE
N) . N M
40 /// g 0.3
7 /// P”
A/
D .
—+ 0,1
10
4F=====q
0 000 2000 3000 4000 5000 6000

SHAFT SPEED (RPM)

FIGURE 11 - Seal Torque vs. Shaft Speed for Various Fluid Viscosities

v
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SEAL MATERIAL -------=---------- NITRILE

SHAFT SIZE ----------=--------- 76.2 mm (3.000 (n)

BREAK-IN PROCEDURE ------------ 20 HOUR BREAK-IN AT 2150 RPM

SUMP TEMPERATURE <~-~v-seommeeme 93°C (200°F)

DR.Q. —==-==-mmcmoocmconoae 0,13 mm (0.005¢n) TIR

STBM —=--------mem------------- 0,13 mm (0.005 (n)

SUMP LEVEL =--=======c=-cmumnu- FULL <
0.5

//C’ Jd 5
0.4 0.3
/ /
' pi
0.3
& // b
POWER ' < I P OWER
CONSUMPT ION /w13 - CONSUMPTION
(HP) s (KW)
0.2 co\'“ 9
- 0.
)
/ //
0 1000 2000 3000 4000 5000 6000

SHAFT SPEED (RPM)

FIGURE 12 - Power Consumption vs. Shaft Speed for Various

Fluid Viscosities
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4.6

4.7

1 isalignment Upon Seal Performance:

Seals are sometimes

Installed without the back face being perpendicular to the centerline axis

of the shaft.

cock.

fncreases.

This condition is known as angular misalignment or

seal

Seal friction torque and power consumption increase as seal cocking

At 5000 rpm, torque changes from 0.42 N-m (60 oz-in) to

0.56 N-m (80 oz-in) as cocking increases from zero to 0.5 mm (0.20 in)

(Fig.

(0.1 hp) (Fig. 14).

under]

shorter lives

develqg

Seal ]

torque and power consumption increase as shaft size increases’ (Fi

16).
approx
3000 v

Doubl
0.85
(0.4 N
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At constant speed, the power consumption and frictional toriue are

The power consumption increases by approximately 0.075 Kw

The increase in frictional torque will increase
Since seals with high underlip temperatures have
than seals with low underlip temperatures, it is essential to
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SEAL MATERIAL ----------cc-m--- NITRILE
SHAFT SIZE -----=------c---oo-o- 76.2 mm (3.000 in)
BREAK-IN PROCEDURE------~-=-=-~--- 20 HOUR BREAK-IN AT 2150 RPM
SUMP TEMPERATURE =---~===m=c=c- (93°C) (200°F)
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FIGURE 13 - Seal Torque vs. Shaft Speed for
Various Values of Seal Angular Misalignment
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