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What Is An Oil Seal ?

BWhat Is An Oil Seal? A-2
A-2

B Functional Components of an Oil Seal

In this Catalog, both the International System of Units(Sl)
and the conventional system of units are used.



A. WHAT IS AN OIL SEAL?

Simply stated, oil seals are components of a
machine that seal lubricants.

Lubricants are used in the friction-producing areas
of a machine to ensure smooth movement and
long life, and oil seals are used to prevent this
lubricant from leaking through “bearing clearances”
of the machine. With advances in mechanical
engineering, it has become necessary to prevent
the leakage of not only lubricants but also water or
chemicals, as well as preventing the entry of dust
and dirt into the machine. Oil seals are used to
perform both functions.

O rings, lip packings, gland packings, and mechanical
seals function in similar ways to oil seals, as shown in
Figure 1. 0il seals are most often used in rotating
shaft applications.

Figure 1: Seal Classifications
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The function of an oil seal is easily understood by
examining a familiar example:the automobile. Figure 2
shows oil seals used in automobile engines. In such
engines, the reciprocating motion of the pistons
is converted into the rotary motion of the crankshaft
by the connecting rods. The crankshaft is supported
by metal bearings. To lubricate these metal bearings,
and other areas where metal and metal slide against
each other, engine oil is filled in the oil pan. Since the
oil pan is secured to the crank case, "bearing
clearance” is needed between the fixed crank case
and the rotating crankshaft. An oil seal is a sealing
device that prevents the leakage of engine oil from the
bearing clearance between the rotating crankshaft and
crankcase, or the bearing clearance between a
reciprocating shaft and crankcase.

Figure 3 shows oil seals typically used in a geared
motor.

Magnetic Fluid Seals—l
== Non-Contacting

== Metallic gaskets

= Non-Metallic

(U-packings, V-packings)
—( Molded Packings

—{ Mechaniéglmé;ég‘ { Lip Packings

Squeeze Packings
(O-rings, D-rings,
X-rings, slipper seals)

= Gland packings

-—{ Miscellaneous (diaphragms, beﬁnws)]

Labyrinth Seals

Rubber-Coated Embossed Metal Gaskets |

Flat Metal Gaskets (includes rubber-coated versions) |
O-Rings, Square Rings |
Paper Gaskets

b Rubber Gaskets
Liquid Gasket Sealants

Square boxes around products indicate products produced by NOK and NOK group companies.




Figure 2: QOil Seals in a Typical Engine Application
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Figure 3: Qil Seals Used in a Typical Geared Motor
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B Functional Components of An Oil Seal

Figure 4 shows the exterior features of a typical oil seal,
and Table 1 describes the function of each part of an oil seal.

Figure 4: Basic Features of An Oil Seal
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Table 1: Functions of the Various Oil Seal Components

Part Name Function
P Sealing Edge The seal lip has the cross-sectional profile of a wedge, and it presses down onto the shaft
(shaft contact) surface to seal in fluid.
I ; The seal lip is made of a flexible elastomer and is designed to maintain stable shaft contact
@ LipArea) goy Lip and sealing even with machine vibration and fluid pressure fluctuation. A garter spring adds
to the radial load and helps keep the sealing edge in proper contact with the shaft.
(3] Dust Lip A dust lip is an auxiliary spring-less lip, and acts to prevent dirt ingestion.

(4] Seal Outer Diameter

The seal OD creates a press-fit to the housing bore, thus retaining the seal and preventing
fluid escape. An internal metal case provides a solid backbone for rigidity.
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B. THE SEALING MECHANISM OF AN OIL SEAL

How do oil seals actually seal fluid? Due to the
continuing efforts of many scholars and
researchers, the fundamental sealing mechanism
of oil seals has been almost completely
illuminated.

NOK announced a sealing theory in 1959, followed
by the release of numerous technical publications
to the Japan Society of Mechanical Engineers, the
Japan Lubricator Makers Association, the Society
of Automotive Engineers in the United States
(SAE), and the British Hydrodynamics Research
Association (BHRA). This theory has earned an
excellent reputation among researchers and
related industrial societies as being an accurate
representation of seal function.

In this chapter, the lubrication factors and sealing
mechanism of oil seals are briefly described based
on the NOK sealing theory.

B Lubrication Characteristics

Oil seals used in machines play a major role in sealing
fluid, whether the machine is stopped or a shaft is in
motion. The frictional force of the lip area is small, and
there is little wear.

What lubrication factors of the seal lip's contact edge
affect the life of an oil seal? These factors are
explained in view of a seal's macroscopic phenomena.
To understand these lubrication factors, it is important
to evaluate the seal's frictional properties. For
this reason, we placed seals in a test machine, as
shown in Figure 1, and measured rotational friction
forces by turning the shaft under various conditions.

Figure 1: An Oil Seal Installed in a Friction Testl
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Figure 2 shows the relationship between the non-
dimensional duty parameter, G (which is determined
by the shape of the oil seal and conditions of use), and
the coefficient of friction, f.

Figure 2: Friction Characteristics of Rotating Shaft il Seals (f vs. G plot)
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Here, the relationship between the coefficient of
friction, f, and the non-dimensional duty parameter, G,
is given by Expression (1).

f=®GV3...... (1)

Where
[f =Coetfficient of Friction
®=An Oil Film Condition Constant
G =Non-Dimensional Duty Parameter (= u-b/Pr)

Pr=Radial Lip Load on Shaft (N{kgf})

0 =0il Viscosity (N-s/cm?{kgf-s/cm?})

u =Linear Shaft Velocity (cm/s)

b =Lip-to-Shaft Contact Band Width (cm)

In Figure 2, the positive slope area of the frictional
properties has been explained by the lubrication
theory. Under such lubrication conditions, the
frictional property of seals is governed by the viscosity
of the fluid and the shaft's linear velocity (and is also
identical to the frictional property of the bearing), and
the resultant oil film present underneath the lip edge.
In other words, the oil seal's lip and the shaft slide
against each other with an intervening film of oil, thus
reducing wear.,

M The Sealing Mechanism

NOK was the first to actually view the sealing
mechanism of an oil seal using state-of-the-art image
processing technology. Underneath the very narrow
lip edge, oil is continually circulated from the air side
to the oil side, and then from the oil side to the air side,
thus lubricating the sliding surfaces and limiting wear.

Theoretical studies have revealed that the sealing
mechanism is determined by minor “irregularities”

in the sliding surface, and by how the pressure is
distributed at the contact area. Here, the sealing
mechanism of oil seal is briefly described through
macroscopic phenomena.

Lip materials are an important factor in the formation
of these special irregularities on the sliding surface of
oil seals. Figure 3 shows the textures of the lip surface
of two different materials. Lip material A produces a
more significant texture on the sliding surface than lip
material B.

Figure 3: Lip Surface Textures of Two Materials
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Two oil seals having identical contact pressure distri-
butions were produced using these two lip materials.
Since it is generally difficult to measure an air intake
rate on an oil seal, the fluid transfer rate is measured
using a reversed seal orientation. Thus, oil is now on
the “air-side” of the seal, and is transferred under
the seal lip via the seal's pumping action.

Scenario (a) in Figure 4 shows a normal seal installa-
tion, i.e., when air is forced toward the oil side.
Scenario (b) shows that oil is transferred toward the
air side because the oil seal is installed in-the reverse
direction.

Figure 4: Normal and Reversed Oil Seal Orientation
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Through the reverse installation (b), the seal's ability
to pump oil was quantified by running the shaft and
measuring the resultant oil flow rate.

As a result, lip material A was easily identified as more
effective in pumping fluid from the air side toward the
oil side than lip material B. This was true only when
the shape of the lip is not considered (or the same).
Even when the lip materials were identical, the pump-
ing ability changes according to the profile of contact
pressure distribution; for instance, by changing the
shape of the lip.

The two critical elements described above that exert
control over the seal's performance, the lubrication
characteristics and sealing mechanism, are in a deli-
cately controlled balance through two design factors:
the material and shape of the lip. Therefore, in view of
these material science considerations, it is necessary
to keep in mind that the circulating oil flow must be
restricted to within the lip contact area, and that the
average film thickness under the seal lip must be con-
trolled.

NOK has put considerable effort into developing lip
materials specifically based on the above concepts, and
has developed oil seals that can respond to various
demanding conditions.

NOK will continue to concentrate on providing prod-
ucts of unsurpassed performance and quality through
our ongoing development activities.
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C. NOK OIL SEAL TYPES

At NOK, we classify oil seals as “standard” oil seals
and “general” oil seals.

M Standard Oil Seals

Standard oil seals are selected on the basis of NOK's
extensive track record and understanding of customer
needs, and have the following characteristics.

1. Versatility

These oil seals can be used under normal defined
operating conditions. (Standard models and standard
materials).

See pages E-6 and E-7 for normal operating conditions.

2. Readily Available
These are easily obtained in Japan and throughout the
world,

3. Conforms to International and Domestic
Codes and Standards

NOK oil seals comply with ISO, JIS, and JASO stan-

dards. (Standard types and standard dimensions, shaft

outer diameter of 300 mm or less)

For standard oil seals, refer to Table 1 “Types and
Features of NOK's Standard Oil Seals.”

B General Qil Seals

NOK's general oil seals are designed for specific
machines or special conditions and requirements.

For the types of general oil seals for general-purpose
use, or with a complete dimensional series, See Tables
2-1 and 2-2, "Types and Features of NOK's General
Oil Seals.” Certain other types of oil seals are listed in
Table 3, “An Introduction to Other Types of Seals.”

Please contact us regarding oil seals not listed in this
book (i.e., oil seals of standard designs or dimensions
but of non-standard materials, or oil seals of standard
designs or materials but of non-standard dimensions).

| The oil seals listed in this book are not designed to be used in medical equipment.
Do not use these oil seals in medical equipment or devices that are used

for transplant surgeries or otherwise have contact with bodily fluids or human tissue.




Table 1: Types and Features of NOK's Standard Oil Seals

NOK Type Designation and Cross-Section &gﬁg] Primary Uses Features
S type
- Oil seal for dust-free
g |@rnlications Oil seal for dust-free use with
= [ Maximum pressure: | | fluid sealed on one side
= 0.03MPa{0.3kgf/cmz}
Oil seal for dusty
& | environments Oil seal for very fine dust duty
8 Maximum pressure: on one side, and fluid sealed
= . | | on the other side
= o.oampa{o.akgrfcmz}]
TC type TB type
New Fabric Seal The TCK type can be used for
. the same purposes as the TC
s glrlvsealdfor coares and TB types, but it features |
g | drvsan environments | petter dust resistance and air
0.03MPa{0.3kgf; I
B{0-Saticnt made of a NOK-developed
special fabric.
V type
D | Grease or dust seal Used to seal in grease or seal ||
z & i 4 out dust. Can be used in com-
= annot be used for | | bination with the S-type oil
a [high-pressure applications| | ggql. 18
g | Grease sealfordusty | Used to seal in grease when ol
S | envionment duty there is a small amount-of dust
§ Cannot be used for | | ©" the other side. Two V-type
Pressure-resistant oil seal with |
2 increased lip rigidity. Used for |
g relatively small-diameter and | H
a3 medium-pressure rotating
; shafts.
Qil seal
for pressurized duty
TCN t For allowable pressures, -
ype see pages E-4 and E-5./ | Pressure-resistant oil seal with |
- an auxiliary cage to minimize
=} lip deformation under pressure. | __:
- Used for relatively large-diameter |7 |
a and high-pressure rotating
shafts.
ol : :
@ | Qil seal for reciprocat- ; : A
& | ing-shaft applications Qil seal designed to minimize
o lip deformation under recipro-
g For allowable pressures,| | cating motion and pressure.
2 see page E-7.

=1 = c-3
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(Types and Features of NOK'sGaneral GiI Snals>

Table 2-1: Types and Features of NOK's General Qil Seals

NOK Type Designation and Cross-Section N%inaoﬂn Primary Uses Features
J type (PTFE)
N N | Qil seal with a sealing edge of NOK's
2 | Seal for two-cycle engines, | unique PTFE (ethylene tetrafluoride resin)
EZ torque converters, featuring excellent self-lubricity. Best for
. - & | orwashers use in poor-lubrication areas or low-fric-
tion torque use H-63
TCJ type
3 Chemical-resistant seal
e emical-resistant sea ; ; ; ' s
a J Oil seal with a sealing edge of NOK's H-65
a ! for high-pressure duty unigue PTFE (ethylene tetrafluoride resin) _
for excellent chemical resistance
SA1J type : Garter spring and case are
B made from SUS (stainless steel) mate-
rial. Good for sealing chemicals.
g VAJ type, KA3J type : Case is made from
[ . SUS (stainless steel) material. Good
Z | Seal for agitator, blower, for sealing fine particulates or highly M
8 | or food processing viscous fluids. H-65
& | applications
VAJ type KA3J type
D type
o : - Oil seal in which two sealing lips are
g. Seal to segregate placed in opposing directions; requires
= | two types of oils less space than mounting two pieces of H-67
@ S-type seals back to back.
DC type
OC type D
NN \ 5
2 | o , Qil seal in which sealing lip is placed on
@ | Oil or grease seal with a . . :
T | rotating housing structure the quter periphery; best for rotating | H-69
f c housing structures.
z
=
T Oil seal to separate muddy water and oil;
2 used with a cured rubber sleeve as a set. _
% orclaw a}:!‘? ok actor Since the oil seal is integrated with the EhEY
@ S pRNRLTNGE sleeve, handling is easy.
Grease or dust seal
& | for various machines Unitized rubber seal: used by press-fitting |
8 | use W type seals to the inner surface and sliding seal axially | H-73
a seal water or scale at the| | to contact the end face of the housing.
roll neck of rolling mills
>
_ Used by mounting the oil seal into the
pyl
=4 Glrease Silal fir t;.'en trapezoidal groove of the plummer block | . _
N B | BYTBErNEOR 0o of an anti-friction bearing. Use ZT type | 7
VN 3 g | ant-ichoniaarng for a low dust quantities.
ZT type




(Tvpes and Features of NOK's General Oil Seal%

Table 2-2: Types and Features of NOK's General Oil Seals W
umpers
ianati ; Shaft : howi
NOK Type Designation and Cross-Section Motion Primary Uses Features s%é‘?"
SBB type
; Oil seal for dust-free use with fluid sealed
| f - : :
E g);eo;:\;alt:rrgseeglia?‘:ngt on one side. Better under high-speed
2 | sharuse | rotation than the large-diameter SB type. | H-81
jru | | i . . L
@ | (Shaft diameter: >300mm) | ;\blsepacer attached model is also avail
Large-Diameter SB type
AN N A ok )
g | pnorwater seal for Qust- | o seal for qust-free use with fluid sealed
8 Srﬁ:ﬂalr}gearge— mei on one side. A spacer-attached model is | H-81
= ilable.
A 3 3 (Shaft diameter: >300mm) alscravaiable
Qil f - . . .
2 a;e:ravr:glgr;—aéi ;;g;:;ty Oil seal for light duty dust (dirt or sand) on
B | shaftuse one side and fluid sealed on the other | H-86
a (Shaft diameter: > 300mm) ads
MG type Used when a machine cannot be assembled
without cutting the oil seal. A hook joint
1 | Oil or water seal. spring is used to mount the sealing lip,
g. Used for areas where seal | and the outer surface is sealed by pressing H-88
5 | cannot be inserted from down against the contact surface of the
@ | the shaft end shaft. Since one part of the seal is cut,
the sealing performance is inferior to that
of S-type seals.
W type - i
= Oil seal to prevent the entry of water or
g scale by sliding the sealing lip against the
o shaft (flange) end face. The WT type is | H-92
@ mounted by bolting, and the WTT type is
; . mounted by tightening the collar band.
WT type Water or scale seal for the
I : :
OKC3 type roll neck of rolling mills
Water or scale seal. Used by pressing
& the inner diameter surface of the seal
5 onto the housing and sliding the outer | H-85
a sealing lip against the inner surface of the
shaft (flange)
Roll neck seal for film bearing (Morgoil).
Y Seals oil inside and water outside by
5 fixing the inner surface to the shaft (roll) | H-98
o = and sliding two sealing lips on the housing
y /8 o e :
= S side against the housing.
MOX type MOD type Two-liquid oil and water
seal for the roll neck of
MOY type (Meseta seal rolling mills
typ (\.\_\ . \\/,]/E Roll neck seal for film bearing (Mitsubishi
' - T Bearing). The inner surface of the seal is
7 S/ g. fixed to the shaft (roll) and outside lip on H-99
~ i = the housing side slides. Use MOY1 type
[(=}

i P
Pl o N\
Y

MOY1 type "MOY2 type

(oil side) and MOY2 (water side) as a set.
Can be changed individually

C-5
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An Introduction to Other Oil Seals

)

Table 3: An Introduction to Other Qil Seals

NOK Type Designation and Cross-Section hﬁgt?cf)tn Primary Uses Features
Helical seal " Qil seal where the entire sealing lip edge
: ) has a molded-in helical feature on the air
g- Qil seal for engines or side. This “screw thread” acts to
= transmissions return the fluid trying to escape outside
Q through the sealing lip back inside using a
HTC type HTB type screw-pump action,
Super Package Seal
o By - Qil seal where the end face seal and the
gr Seals splashing oil in slinger are molded, thereby improving
= engines installation reliability. Best under high-
i Q speed rotation
CSK type
Severe-Dust Seal
AN AN -
o Seals areas where muddy Oil seal where the two dust-side lips of a
o] water splashes on tractor T-type oil seal are used to improve dust
= or power tiller resistance
& " =
TC6Y type
Washer Seal .=
' s Oil seal designed specifically for washers.
g» Seal for dewatering shaft Seals water in two places (dewatering
. = of a washer shaft and inside the washing tub) of fully-
— (=] automatic washers
SDY type
Valve Stem Seal i D
(2] : T 3 :
|| T | seutrergnemateans | 50 o a2 proner A oo
/ ‘ g exhaust valve stems of an engine
VSB type < i @
High Pressure Seal D Oil seal for reciprocating motion.
\\ O, Seal for recirocating rods Pressure resistance is improved by an
i o with re1ativeip s 9 assembling nylon backup ring.
8 G ;(lmigali —— Compared to U-type packing, this model
I e =S el i is more suitable when a rod's dynamic
' \ : . . - .
SCJY type A misalignment is relatively large.
| Gas Spring Seal T = P
‘,> _ | % Sfegl f‘.)r gas—spri;::_g rods Qil seal for reciprocating rods of high-
zZ : 3 ? Henessmac nes,: pressure gas cylinders, with good sealing
60— & urnilure, or medical equip- performance and low friction.
P = ment
== =2
XKD type =
Control Valve Seal e
, % Qil seal for hydraulic control Sealing performance is better and friction
e) valves of construction is lower than a rubber-only seal. The seal
g machinery is fixed by clamping the outer flange.
SVY type &2
Dust Seal ]
X : N @®
A Q,
AN = Dust seal for hydraulic Seal to prevent the entry of dust. The
§ cylinders DKB seals oil better than the DKH type.
DKB type DKH type «
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D. NOK OIL SEAL MATERIALS

An oil seal is constructed of rubber (seal lips and outer surfaces), a garter spring and an internal case.

The following materials are used for each part.

B Rubber
1. Rubber Types

When selecting a lip material for a seal application,
please refer to Table 3 “Types and Primary Uses of
NOK's Lip Materials ™ .

Table 1 shows the types and features of the various
rubber materials used in oil seals, and Table 2 shows
their resistance to oils and chemicals.

Table 1: Rubber Types and Characteristics Used in NOK's Oil Seals

o = g | Sh= g SeeNote(2)
tem |21 B2 & 2 s Temperature
! e (s o 1 s = B Range (C)
| X oD 9 g9
8 2 o p|ld|o E Features
w
2 5|82 |82 !
N % i} 2 a § Lower | Upper
Type N\ | &/g|® 8|3 |3 | Limi Limit
AN 8|8
This material is most often used in oil seals due to its
| Nitrile Rubber alalalo - _ excellent resistance to mineral oil and abrasion;
(NBR) QO |\‘- A0 % 125 however, oil seals made of this rubber cannot be used
for polar solvents, such as ketone or ester.
Hydrogenated il o | | s fnll This rubber has similar characteristics to nitrile rubber for
Nitrile Rubber ©|O|0|0|0|0 —25 +140 | oil seal use, but has better resistance to heat, oils, and
(HNBR) ‘ | ‘ weather than standard nitrile rubber.
| ' This rubber has the same good oil resistance as nitrile
: ) - rubber, and has good heat resistance similar to silicone
ffgﬁ‘; Rubber © i X|Alal© —25 +150 | rubber. Weather resistance is also excellent. Resistance
to alkalis or water is inferior to that of other types of
| rubber.
i ~ - This rubber is highly resistant to heat, cold, and weather,
%Iﬁ%ne Rubber o8 X|A&IAa 0|0 —60 295 but its resistance to alkalis or water is inferior to that of
| ( ) | | | other types of rubber.

i - P 1 - »

i I w ‘ This rubber has heat resistance surpassing that of
Fluorocarbon olalo|lOolol® —20 +o5g | silicone. It also has excellent resistance to oils and '
Rubber (FKM) - == [=ITE | chemicals. This material is the best rubber for oil seals

: due to its well-balanced characteristics.

Ethylene- [ bzl This rubber has excellent resistance to water, polar
Propylene X100 ‘ #|d —40 +125 | solvents, inorganic chemicals, and weather. 7Its oil
Rubber (EPDM) resistance is inferior.
Styrene- | ; ’
‘ ) [~ 5 | This rubber has excellent resistance to polar solvents
| Faiﬂgigela??gBH) RiQa L4 45 +100 and water. Its oil resistance is inferior.
FE (= = | This material has the maximum degree of resistance
Tet{RaﬁL!mog_}h I!Ee ©| 00 Q —65 +260 | to heat, cold, chemicals, and weather, and a lower
ne Resin ( ) coefficient of friction. Itis not as elastic as rubber.
. e (8= I (el = Since the primary material is synthetic fiber, resistance to
Fabric LCARCARC AR TR AR —50 +160 heat and fraying is superior to that of conventional felt.
Remarks: ©' Resistant
' Resistant Except in Special Cases
2 Not Resistant Except in Special Cases
X Not Resistant
D-2 - 16 —



Note(1):

Note(2):

Qil resistance does not include resistance to
phosphoric ester or water-glycol fire resistant
fluid.

Temperatures shown in the temperature
range are based on the following codes.

Upper Temperature Limits
Is defined as the highest temperature that allows
a maximum tensile strength change of 630%, an
elongation change of —50%, or a hardness
change of 615 points after the completion of a
70-hour air-oven aging test.

[This maximum temperature applies to the
heat-resistant reference temperature for material
evaluation as defined in ASTM (The American
Society for Testing and Materials) D2000 Line
Call-outs.]

Lower Temperature Limits
The TR10 value is used to determine the low
temperature limits.

TR is an abbreviation for“temperature-retraction,”
as defined in ASTM D1329. TR represents the
recovery properties during low temperatures,
and nearly equals the recovery properties of
rubber-like elasticity.

The TR10 value indicates the temperature when
a given strain is recovered by 10%. Figure 1
shows a typical TR curve.

— Cold Temperature Resistance of Oil Seals

Figure 1: TR Diagram
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The cold temperature resistance
of an oil seal is determined by a
complicated interaction of various
elements, such as the character-
istics of the lip material and fluids
to be sealed, shaft run-out, and
start up speed.

The lip of the oil seal flexes only a
few percent when the run-out of
the shaft is only a few percent.

Therefore, NOK uses the TR10
value for lip materials as an index
of the lowest allowable tempera-
ture. Under actual use conditions,
even if the temperature is lower
than the TR10 value, the temper-
ature at the sealing edge increas-
es due to friction immediately
after start-up, allowing rubber-like
elasticity to be recovered and thus
retain good sealing performance.

However, even if the temperature
is higher than the TR10 value,
leakage may occur if the shaft
run-out is too severe for the lip to
follow properly. Thus, it is dan-
gerous to determine the allowable
temperature of oil seals solely on
the TR10 value. These and other
factors mentioned should be
taken into consideration.




Table 2: Oil and Chemical Compatibility of Various Rubber Materials

T ubberType | Nile | JH5ie| Actyic | Siicone | PLorearl SEER, | ane) cetyions
Qil/Chemical L Rubber Rubber | Rubber | Rubber resin
Engine Oil |SEA #30 © © © © © X X ©

SEA 10W-#30 © O | © X X o
Gear Ol Automotive © ) © A O X h 4 ©
Class 2 industrial use ) R A
(extreme-pressure), © A A O A A ©
synthetic base
DOT 3 (glycol base) A X X O X O O ©
Brake Fluid | DOT 5 (glycol base) | & s % O X Qd 2 1.9
DOT 5 (silicone base)| ©) © © X ®) X O ©
Class 2 Turbine Oil O O © A (@) b X ©
Machine Oil (No.2 spindle oil) 2 ), X © X X ©
Hydraulic Fluid (mineral oil base) &) © A O X X ©
Fie Resistant | PhosphateBase | X | X | X | © | & | x [ X
Fluid Water + Glycol Base | O * A A X | X
Cutting Fluid D (@) X X
Grease Mineral Oil Base X X ©
Silicone Base » © 1.9
Fluorine Base C © X X
Refrigerants | R12 +Paraffin Base A X A x
R134a+Glycol Base | 4 ® X X X
Gasoline ¥ X B X ) . >< X ®
Light Qil, Kerosene A X X X X @)
' Heavy Oil C A X X X ©
' Anti-Freeze Solution (ethylene glycol base) | ! P X A X © ©
Water, Warm Water - | X | O \_l O | © |
Sea Water X % O © @)
Water, Steam X X X X O A ©
10% Hydrochloric Acid Solution £ & O O O © O ©
30% Sulfuric Acid Solution A A A X i O A ©
10% Nitric Acid Solution X PN X X A O X 1 ©
40% Sodium Hydroxide Solution | X X X O ®) ©
" Benzene X X X X X X X C
Ethyl Alcohol C X O O O | ©
Methyl Ethyl Ketone | X X X A X X X @

Remarks: - Resistant
Resistant Except in Special Cases
2. Not Resistant Except in Special Cases
X Not resistant
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2. Types and Primary Uses of NOK Lip Materials

Various NOK seals using the types of rubber introduced
in Table 1 are available. Table 3 shows the types and

primary uses of typical NOK lip materials.

Each lip material is designed for outstanding sealing
performance and the best balance between each property

inherent to a raw material.

To obtain well-balanced lip materials, it is vital to select

proper raw materials or compounding chemicals, and
apply appropriate compounding techniques. At NOK,

we develop high-quality raw materials and compounding

an optimal material for oil seals.

technology to manufacture better lip materials.

Table 3: Types and Primary Uses of Typical NOK Lip Materials

chemicals, combined with research about the effect of
each material on the sealing function, in order to create

Furthermore, we apply the results of this research and

i ; Flund 1o be Sealed
NOK Lip Mztonal Hardness | Temperature ég"‘g-,‘
Material Symbol Range Primary Uses 8 =g 3
Rubber Type (Color) (Durometer A) (C) 8\ g |
Nitrile Rubber A727 (Black) 70 —30~-120 | Standard material (for rotating shafts) )
(NBR) Standard matenal for medium-to-large
A941 (Black) 80 —25~+-100 |diameter (150 mm or larger) shafts C
____________ | Uor rotating shafts) el
A795 (Black) 80 —11~4100 Standard material (for reciprocating shafts
_____ and high prossure), fusloil oeistance . | = ...
A275 (Black) 70 —40~-100 Cold and weather resistance O

(for rotahng shaﬂs)

—40“--4-100

Cold resistance (for remprocatlng shaﬂs}

Abrasion resistance from muddy water

A571 (Black) 75 —25~-+100 (for rotating shats) 0|0
A368 (Black) 75 | —20~+100 (C,’;“’rg’{:’l’n"‘; 5‘“‘,1';';'[;';3 Food SenfiationLaw O
AQSQ(BIack] ------------------- ?0 —20-«+‘|00 Spemal materlal (MO Iype} ...... _ f’l
---------------------------------------------------------------------------- | Water remstance (for rotatmg shaﬂs} ‘
A103 (Black) 70 —22~+4100 = .
Special material (TCJ type) @ 8
........ A104 (B|ack} 30 _21~+1 T Eee mate;ia| {Mthpe} S TS
________ A134(B|ack) _ 50 _20~+106- spec.a| mater.auvntype) i rJ ‘
Eﬁ‘fiﬂ%‘?’}ﬂ?ﬂdﬁ'\g{ © G418 (Black) 75 —25~+130 S{KJ??gcl:i?r?)tsantiar:g shafts, MOY type) -
Acrylic Rubber T303 (Black 80 —1 5~_ +150 Slandard material (for rotating_ shafts) O
(ACM) T5gg (Black) BD —25~+140 Cold resistance (for rotating shafts) ) mr.:':.'
T302 (Black) 70 —15~+150 | Special material (TCJ type) O
Silicone Rubber S728 (Black) 80 —45~+170 | Standard material (for rotatlng shafts) O
(VMQ) S817 (White) 75 —45~+170 (Cf)grr?gig?nc; s\ﬂg;l;é?& Food Sanitation Law O
Fluorocérbon F585 (Brown) 75 —15~+4200 | Standard matenal (for rotatmg shafts} ) )
Rubber (FKM) [ F 975(Brown) 80 —15~+200 Special matenat (for remprocatlng shafts} B Q
F548 (Black) 85 =1 6~—|—200 Pressure resistance (for rotatlng shaﬂs) ! IJ '
| F129 (Black) 70 | —15~+200 | Special material (VR type) e ) |
Tetrafluoroethylene| 31BF (Black) Eﬁ:cn:ﬂa?;a;ﬁgarl,é‘;tw O“), fﬁa'g’;ance to O

Resin (PTFE)

40WF (White)

Durometer D
65

(—50)~+220 |-

Complaanoe with the Food Sanitation Law
(for rotating shafts)

Fabric

31FH (Black)

(—50)~+160

Material for secondary/dust lips, air permeability

Note(1): Ethylene-propylene rubber and styrene-butadiene

rubber (not listed in Table 3) are also available for

special uses.

Note (2): Temperatures listed are based on the following criteria.

sealing fluids, see Chapter 7 (page J-7)

Note (3): For details on resistance of various lip materials to

Upper Limit : A yardstick for temperatures that can be

used relative to the function of oil seals.
The TR10 value for each lip material is
used.

Lower Limit :

o 19 D-5
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The various degrees of resistances and the tempera-
ture ranges shown in Tables 2 and 3 are for informa-
tional purposes only. Users should carefully read
Chapter E  "NOK 0Oil Seal Application Guide™ and
Chapter ] "0il and Chemical Resistance of NOK Lip
Materials.”

To safeguard the function of the oil seal, careful atten-
tion is required regarding the application's operating
temperatures, as temperature directly affects the both
the seal and the fluids.

Rubber is sensitive to changes in temperature. A
change in rubber at higher temperatures produces a
chemical change in which elasticity is lost because the
high polymers of the rubber are excessively cut or
bonded due to heat, oils, chemicals or ozone.
Therefore, the proper working temperature can be
determined by the correlation between temperature
and time. For example, relatively high temperatures
may be used for short periods of time. Conversely,
lower temperatures may be used for longer periods of
time.

Another change in rubber properties at very low tem-
perature is hardening caused by less active polymers.
This reversible phenomena is dependent on tempera-
ture only. The normal rubber-like elasticity of an oil
seal is recovered when the ambient temperatures
return to normal.

—2 =



M Garter Springs and Metal Cases

NOK's garter springs and cases are made from the
materials shown in Table 4.
Standard materials for garter springs and cases are

used in oil seals for lubricant or grease sealing.
Special materials are used for sealing water, corrosive
chemicals, or gas.

Table 4: Types and Applications of Garter Spring and Metal Case Materials

g 5 Garter spring Metal Case
ring an il
R sk Standard materials | Special materials | Standard materials | Special materials
%, metal case |
. Mmaterials JIS G 3141 SPcc | JIS G 4305 SUS
JIS G 3521 SW JIS G 4309 SUS (cold-rolled steel | (cold-rolled stainless
L] (hard-drawn copper wire) | (stainless steel wire) sheet and strip) steel sheet)
B JIS G 4307 SUS
X JIS G 3522 SWP JIS G 3131 SPHC | (cold-rolled stainless
\ (piano wire) (hot-rolled steel steel strip)
Fluid to be Sealed . 304 316 sheet and strip) 304 316
Lubricants, grease O O O O O O
- Water X O O X O O
Steam X O @) X O O
- Sea water X X O X X O
Acids X X o) X X O
. Alkalis X O ) X @) O

Remarks: () Can be used
> Do not use

— The Function of a Garter Spring

A garter spring increases and maintains the pressure
of the sealing lip on the shaft. Since garter springs
used in oil seal have the characteristics shown in
Figure 2, it is possible to obtain the load necessary
for good sealing with little elongation. As shown in
Figure 2, even if a garter spring is elongated to some
extent, the spring load does not change significantly.
The length of a garter spring in an oil seal is
determined by considering the proper amount of
elongation required to ensure that it can function
properly within the working range defined in Fig. 2. |

Figure 2: Characteristics of Garter Springs Used in Oil Seals

Point of
Inflection

(N) prOT Bundg

Working Range

Elongation (mm)

The Function of a Metal Case =

Cases plays an important role in maintaining the retention strength between the seal and the housing bore,
thus keeping the seal lip at its intended position.
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E. NOK OIL SEAL APPLICATION GUIDE

To ensure optimal performance, it is necessary to
select the appropriate oil seal type and material for
the actual operating conditions.

This chapter describes selection process and
permissible temperature ranges for each type of oil
seal listed in this catalog.

If the oil seal you need (type, material, or dimensions)
is not listed in this catalog, please contact us
regarding customized products.

M Selection Process
Use the following steps to select your oil seal.

1. Select the Seal Type
Select the proper seal type per Figure 1
“Flowchart for Seal Type Selection” on pages
E-4 and E-5.

2. Select the Seal Lip Material

Since lip materials for catalog products should
be selected according to the appropriate condi-
tions for each oil seal type (see Table 1 “Lip
Materials by Oil Seal Type” ), please refer to
Table 3 "A Guide to Permissible Working
Range of Standard Oil Seals” (on pages E-6 and
E-7) and Table 4 “A Guide to Select the oil seal
type in accordance with Fig. 1 “Flowchart for
Seal Type Selection” on pages E4 and E5.

“A Guide to the Allowable Operating Conditions
of General Oil Seals” (pages E8 to E11), as well
as Chapter J “0il and Chemical Resistance
Ratings of NOK Lip Materials.”

3. Select the Metallic Materials

The metallic materials for garter springs and
cases should be selected by the appropriate oil
seal type, same as lip materials. Table 2 shows
the appropriate metallic materials by oil seal
type. Please refer to Table 4 “Types and
Applications of Garter Spring and Case Materials
(page D-7).

4. Select Seal Dimensions
Check whether the dimensions of the oil seal
you want matches the shaft diameter, housing
diameter, and width of the relevant area by refer-
ring to Chapter H “Type and Size List of NOK
Seals.”

Please consult us before using NOK oil seals in aircraft or nuclear power equipment.
The oil seals listed in this catalog are not designed nor manufactured to be used in
medical equipment, and should not be used in medical equipment used for transplant
surgeries or in applications that come into contact with bodily fluids or living tissue.



Materials for the oil seal lips, garter springs, and cases described in this catalog must be selected according

to the applicable usage conditions for each oil seal type.

Table 1: Lip Materials by Oil Seai Type

SA1,VAJ, KA3J

NOK Type D.Shafg Lip Materials

Designation IarTn? el A727iA1us A104|A795 A134|A941|A571 A989!G418|T302 3(s728 F585iF543§F129:E31BF231FH
Lessthan150 | O | ole

S, T = e —

| Greater than 150 i) | C |

TCK @) o)
Lessthan 150 | ()

vV, K il ”
Greater than 150 O

TCV O |

TCN O

T4 ]

O

SBB

OKC3

MO

Moy

Table 2: Metallic Materials by Oil Seal Type

.

JIS G3131 SPHC

NOK Type
Designation {\Il types except those SA1, VAJ, KA3J
. listed on the right
Material
JIS G3521 SW
G i JIS G4309 SUS304
arter Sprng JIS G3522 SWP
JIS G3141 SPCC JIS G4305 SUS304
Metal Case

JIS G4307 SUS304
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C

Flowchart for Seal Type Selection

Figure 1: Flowchart for Seal Type Selection

)

(For the features of each oil seal type, refer to pages C-3, C-4, and C-5.)

Begin selection
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Rotating
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Reciprocating
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Less than 80TC,
slower than
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. MG type

P L BRI

W type Z type
Cannot End face Grooved/
be used movement recessed
= =
(=] - Shaft face m o
» S Can be g move- (=] No groove/
> = used = ment 5 recess
22 @ =
- 2] (=}
(1] - — w
=2 0 -
o a = -
(2] ')
= g 3
o o

Greater than 80C,
faster than 1.5m/s

[ —— -y

-

This condition is only

permitted with specially !

designed oil seals or

packing seals. Please ;

consult us.

Exceeds the pressures
plotted in Graph (5) on
page E-7

Housing inner
face movement

I NN

Below the pressures plotted in Graph (5) on page E-7

(ww) ja)2WeIP Yeys

less than
300

greater than
300

psjeas pinid

Grease

Lubricants

Other than
grease or
lubricants'”*("

Non

1snp oN

Large-diameter
SB type

juesaid i1sng

Large-diameter
TB type




Note(1): You may select any oil seal type, other than SA1J, VAJ and KA3J, depending on the type of fluid sealed
(brake oil, gasoline, kerosene, light oil, heavy oil, cutting oil, or water or chemical fluid). Please consult us.

Note (2): When the housing material is a light alloy or resin having a large coefficient of thermal expansion, select a
seal with a rubber exterior. For other housings, you may select either a rubber or metal exterior design.

Note (3): When you cannot make a selection from this flowchart for other application conditions (such as vacuum or
negative pressure), please consult us.

Air Outside surface "o |
side | Rubber Exterior | Metal Exterior

auoN

isng

,"ﬁ‘_ £l -

TCJtype

)
|
Jussaig

IDBtype | |

None Oil on
(Free of oil or mist) both sides

auop

i Max
Oil 0.03 MPa

present (0.3kgf/cm?) None

Amuenb 10
ainssaid
1sng
.:‘l,l..laEaJd

uoneiedas pinbij-omy

(Aneay) ussaid

Min 0.03 MPa Muddy water
(0.3 kgf/cm?) on one side

1snQ
Juesaid

Min 0.98 MPa N

Min 0.98 MPa : ‘
(10 kgf/cm?) QLFY type

(10 kgf/cm?)

1sng
juasalg

Min 0.03 MPa
(0.3 kgf/cm?)

1snQ
juasald

: Specially designed oil
: seals or mechanical

| seals are needed.
1
1

Please consult us.

Fluid to be Sealed: grease or lubricants
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e e e B I _ Note(1): The working ranges listed are a general

( A Guide to Allowable Opﬁfﬂtlng ) guide based on the general seal

Condition shape and material, and may vary

conditions g with actual working environments or

seal designs. For use at higher linear

shaft velocities, higher pressures, or

higher/lower temperature regions than
shown here, please consult us.

Table 3: A Guide to Allowable Operating Conditions of Standard Qil Seals

r-—____—_"_‘ o = .
'NOK S;.';I—?I'T;)(e"“‘%——%____liim Linear Shaft Velocity (m/s)
S series

Use a linear shaft velocity within the permissible range plotted in Graph (1).

' N/ o Graph (1): Shaft Diameter vs. Maximum Allowable Linear Shaft Velocity
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