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Foreword

Welcome

The business of the SKF Group consists of the
design, manufacture and marketing of the
world’s leading brand of rolling bearings, with
a global leadership position in complementary
products such as seals for rotating machine
components and hydraulic seals. SKF also
holds an increasingly important position in the
market for linear motion products, high
precision aerospace bearings, machine tool
spindles, plant maintenance services, and is an
established producer of high-quality bearing
steel.

The SKF Group maintains specialized business
operations to meet the needs of the global
marketplace. SKF supports specific market
segments with ongoing research and
development efforts that have led to a growing
number of innovations, new standards and
new products.

The SKF brand now stands for more than ever
before, and means more to you as a valued
customer. While SKF maintains its leadership
as the hallmark of quality bearings throughout
the world, new dimensions in technical
advances, product support and services have
evolved SKF into a truly solutions-oriented
supplier, creating greater value for customers.
These solutions encompass ways to bring
greater productivity to customers, not only
with breakthrough application-specific prod-
ucts, but also through leading edge design
simulation tools and consultancy services,
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plant asset efficiency maintenance programs,
and the industry’s most advanced supply man-
agement techniques.

The SKF brand still stands for the very best in
rolling bearings, but it now stands for much
more:

SKF - the knowledge engineering
company

The Group has a global ISO 14001 environ-
mental certification. Individual divisions have
been approved for quality certification in
accordance with either ISO 9000 or QS 9000.
Some 80 manufacturing sites worldwide and
sales companies in 70 countries make SKF a
truly international corporation.

In addition, our 7000 distributors and dealer
partners around the world, the e-business
marketplace and global distributions system,
put SKF close to customers for the supply of
both products and services. In essence, SKF
solutions are available wherever and whenever
our customers need them.

Overall, the SKF brand now stands for more

than ever before. It stands for the knowledge
engineering company ready to serve you with
world-class product competencies, intellectual
resources, and the vision to help you succeed.
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Industrial shaft seals

Seals and sealing technology are essential
parts of the capabilities of SKF. Seals from SKF
stand for excellence and leadership. The SKF
brand symbolize consistent endeavor to
achieve total quality in all processes and imply
three main benefits for our customers:

Reliability — thanks to modern, efficient prod-
ucts, based on worldwide application know-
how, optimized materials, forward-looking
designs and the most advanced production
techniques.

Market lead — an advantage of our products
and services. Our customers increase operat-
ing time, reduce down-time, improve output
and product quality.

Cost effectiveness — resulting from the favor-
able ratio between our product quality plus
service facilities, and the purchase price of the
product.

Bearing arrangements of all types do not only
consist of bearings but include the associated
components, such as shafts and housings, as
well as seals. The performance of the seal is of
decisive importance where lubricant cleanli-
ness is concerned and this cleanliness has con-
siderable influence on bearing life, as can be
seen, for example, when the SKF Life Theory is
applied.
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For the designer, this means that bearings and
seals must be considered as constituting a sys-
tem. When designing the sealing arrangement
and selecting the seal, the bearing arrange-
ment and the requisite bearing life must not be
neglected. For SKF, this means that even
greater attention is now being paid to the
question of how bearings and bearing
arrangements should be sealed, as well as to
the question of sealing in general.

This catalogue contains information and rec-
ommendations regarding the selection and
application of seals. Obviously, it is not possible
to cover all the aspects sufficiently in detail to
deal with all eventualities so that reference is
made in many places to the SKF application
engineering service.

Welcome with your inquiry to SKF —
the knowledge engineering company.




Industrial seals product structure

P
Static Dynamic Special
applications applications applications
Seals for Seals for Seals for Components
stationary reciprocating rotating for special sealing
surfaces components components arrangements
Stroking Pulsating - .
movements movements Friction seals Non-friction seals
_ SKF
Flat Profiled | | Hydraulic || Pneu- Radial  pxial shaft Ssyesfgg%
seals seals seals seals el seals and
| sealing
‘ h solutions
. Piston
Piston seals Small
Gaskets, | | O-rings seals Orul::isttson diameter
washers | |and other Dia- radial V-ring
and other| | moulded, hragms haf ks
flat profiled phrag s alt
seals
seals seals Rod Rod oS
seals seals (SDS)
Wiper Ro\;i/i;ia:ls/ Seal units
seals units _Large with
diameter bearings
radial Mecha- or other
‘ :I: Bellows shaft nical seals engi-
Guide " seals neered
rings and \ggglesr (LDS) compo-
strips nents
Guide
rings and
strips
:I: Cassette
N seals
Cushion
seals = Covered in this catalogue.
For all other products, please

contact your SKF representative
for further information.

akF




Industrial shaft seals

49
279
315
321
365

akF

Product data - General
Radial shaft seals
Wear sleeves
Mechanical seals
V-ring seals

Axial clamp seals






Product data - General




Product data - General

Contents

9

Industrial shaft seal designs
Industrial shaft seals, profile overview

Selection of seal design
Grease retention

Qil retention
Contaminant exclusion
Retention and exclusion
Separation of two liquids
Circumferential and rotational speed
Pressure

Available space
Installation restrictions
Arrangement
Counterface desgin

Axial movement

Seal materials

Shells

Garter springs

Bore-Tite®

Adhesives

Sealing lip material

Nitrile rubber (NBR)
Duralip® (X-NBR)
Duratemp® (HNBR)
Polyacrylate elastomer (ACM)
Silicone rubber (MVQ)

Fluoro rubber (FPM)
Polytetrafluoro-ethylene (PTFE)
Wear resistance

Operating temperatures
Chemical resistance

Storage and handling of seals
General

Store

Storage and handling

Cleaning and maintenance

Questionnaire form

akF



Industrial shaft seals

Industrial shaft seal designs

The seals shown in this catalogue are intended
for the sealing of openings between a rotating
and a stationary component or between two
components in relative motion. The tasks of
the seals are

O to retain lubricant,

O to exclude contaminants,

O to separate fluids or gases, and

D to withstand differences in pressure.

The seals should also perform adequately with
a minimum of friction and wear even in critical
applications or under unfavourable operating
conditions.

In order to meet these different require-
ments, SKF shaft seals for rotating machine
components are produced in many designs,
materials and executions. Each of these
designs and their material combinations has
specific properties which make it more, or less,
suitable for a particular application. The main
groups are:
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Radial shaft seals

O Small diameter seals (SDS, for shaft
diameters up to 200 mm/8 inch),

O Large diameter seals (LDS, for shaft
diameters over 200 mm/8 inch),

O Radial shaft seals, PTFE material.

Axial shaft seals

O Mechanical seals,
O V-ring seals,

O Axial clamp seals.

Wear sleeves are also manufactured as spe-
cial accessories.

The inclusion of a single design to the SKF
range of seals is not an indication of its avail-
ability; this should always be checked before
ordering. The products shown in the size listing
tables in this catalogue are the more popular
metric and inch sizes. Information about the
complete range will be found in our standard
range stock list, which can be supplied on
request.
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Industrial shaft seals, profile overview

Radial shaft seals

Small diameter seals, standard program
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Large diameter seals, standard program
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Industrial shaft seals, profile overview

Axial shaft seals

Mechanical seals
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V-ring seals
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Axial clamp seals
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Industrial shaft seals

Selection of seal design and material

The choice of an appropriate seal design and
material is depending on the applications’
predominant operating conditions, such as

O type of lubrication,

D sliding velocity at the sealing surface
(counterface),

O vertical or horizontal mounting,

O misalignment or deviation from coaxiality
of the shaft.

The seal environment must also be taken into
account, for example, whether

O chemical or mechanical factors and/or
O thermal conditions

can influence seal performance. The available
space, requirements regarding sealing
efficiency and finally the viable cost must be
considered.

Depending on the application one or other
of the influences will dominate so that
universally valid rules for the selection of the
appropriate type or design of seal cannot be
given. The following comments regarding the
properties of the different seals should,
however, give some guidance.
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The selection matrix with permissible
operating conditions for small diameter radial
shaft seals (SDS) on pages 98 and 99, for
large diameter radial shaft seals (LDS) on
pages 100 to 103 provides an overview of the
seals, their design features and their suitability
for various operating conditions.

It has not been possible to include all design
variants in the matrix; rather a representative
selection has been chosen. Detailed
information on the variants as well as the
seals shown in the matrix will be found in the
introductory texts preceding each table
section. Since only a limited number of
symbols have been used in the matrix for
reasons of clarity and space, it has not been
possible to exactly differentiate between the
various seal types.
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Grease retention

Greases have a relatively high viscosity and are

thus relatively easy to retain in the bearing

arrangement. This means that the demands on
the seal are moderate, so that almost any type
of seal will suffice.

Spring-loaded radial shaft seals, e.g. the
HMS5 or the CRW1 (fig 1 and fig 2) design,
are suitable for retaining greases. When
\ frequent relubrication is required, the lip of at
Fig 1. HMS5 seal least one of the seals should be arranged to
point away from the grease so that excess
grease can escape via this seal lip. In this way
== a build-up of grease, and consequently of

: heat, can be avoided. When the lubrication of a
) v g seal lip cannot be guaranteed, the use of seals
having an additional, secondary lip, where the

space between the primary and secondary lips
is filled with grease, is recommended. Because
of the unfavourable heat transfer conditions
with grease lubrication it is recommended that
the permissible circumferential speeds quoted
Fig 2. CRW1 seal for oil lubrication should be halved.

In addition to radial shaft seals, with or
without garter spring, V-ring seals (fig 3) or
felt seals are also suitable for grease retention.

Fig 3. V-ring seal
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Industrial shaft seals

Oil retention

Lubricating oils, particularly relatively low-
viscosity oils, are much more difficult to retain
in a bearing arrangement than greases.
Therefore, spring-loaded radial shaft seals are
used almost exclusively, e.g. SKF seals of the
CRW1 (fig 4), HMS5 (fig 5) or HDS3 designs.

For very arduous conditions where
circumferential (peripheral) speeds are
relatively low the HDDF (fig 6) mechanical
seals are also suitable for oil retention.

Normally, CRW1 radial shaft seals with the
hydrodynamically formed Waveseal lip are
adequate. The Waveseal lip has a sinusoidally
formed lip edge which produces a pumping
action to the inside as well as the outside,
irrespective of the direction of rotation of the
shaft (or the housing). When it is desired to
protect the sealing position against dust or fine
solid contaminants, it is recommended to use a
radial shaft seal with a secondary (dust) lip,
e.g. of the CRWAL design.

V-ring seals (fig 7) may also be used to
retain oil. In this case they should be arranged
on the oil side and should be axially supported
on the shaft.
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Fig 4. CRW1 seal

1

Fig 5. HMS5 seal

Fig 6. HDDF mechanical seal

Fig 7. V-ring seal
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Contaminant exclusion

V-ring seals (fig 8) are eminently suitable for
excluding contaminants. They rotate with the
shaft, act as flingers and seal against a surface
which is at right angles to the shaft.

Radial shaft seals which are primarily

'_ll % ] intended to exclude contaminants should be

mounted with the lip pointing outwards. For
i low-speed applications and normal operating
‘ conditions, any radial shaft seal may be used.
For difficult conditions, the use of SKF
Fig 8. V-ring seal Waveseal designs, e.g. the CRW1 (fig 9) or
CRWH1 designs, which have hydrodynamic
sealing aids, is recommended, or alternatively
the heavy-duty HDS seals. To reinforce sealing
‘x efficiency two seals may be arranged in
tandem (fig 10), or a double-lip seal with its
two lips in tandem, e.g. of the HDSE (fig 11)
design, may be used.
‘ AV-ring or axial clamp seal (CT) can also
| ‘ protect the primary seal from coarse
contaminants. The side of the housing or the

’

Fig 9. CRW1 seal shell of a radial shaft seal can serve as the
counterface for the lips of the V-ring and CT
seals.

H- !
=

Fig 10. CRW1 seals in tandem

Fig 11. HDSE2 seal
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Industrial shaft seals

Retention and exclusion

In many applications, the exclusion of
contaminants is just as important as lubricant
retention. The use of a seal with a secondary
(dust) lip in addition to the primary lip, such as
in the CRWHAL (fig 12) will often suffice.

Another way of mastering the problem of
simultaneous retention and exclusion is to use
two seals aranged in opposite directions, e.g.
two CRW1 (fig 13) or two HDS2 (fig 14) radial
shaft seals.

Highly efficient double action seals are also
obtained by using two opposing V-ring seals
(fig 15) with a thrust washer machined on
both sides situated in between the seals.

Under extremely difficult conditions the use
of the HDDF mechanical seals, (fig 6), is
recommended, providing that the sliding
velocity of the mating surfaces lies within the
permissible range.
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Fig 12. CRWHAL1 seal

Fig 13. CRW1 seal

Fig 14. HDS seals

1
[

Fig 15. V-ring seals
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Separation of two liquids

In cases where two liquids have to be kept
separate there are two alternatives, depending
on the available space and the required

///‘W ”ﬁ',////\ efficiency.
= ‘.\,. Either two separate seals (fig 16, fig 17)

/// }’\\

may be used with their lips facing in opposite
directions, or double lip seals of the HDSD1
(fig 18) design can be used. Again, the lips

\ point in opposite directions.

Fig 16. CRW1 seals In both alternatives, the lips must be spring
loaded. In case one or other of the lips
occasionally runs dry, i.e. one of the liquids is
N\ \J temporarily absent, it is recommended that
N | grease be applied in the space between the

two lips during installation, so that adequate
lubrication of the lips is always assured.

Fig 17. HMS5 seals

b
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Fig 18. HDSD1 seal
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Industrial shaft seals

Circumferential and rotational speed Diagram 1 shows a comparison of the

The permissible rotational speeds are
determined by the diameter of the sealing

surface and the permissible circumferential e.g. grease or oil retention and no pressure

speeds at the sealing position.

The permissible circumferential speeds
depend mainly on the design and material of
the sealing lip which govern the heat
generation at the seal contact. They also
depend on the material and condition of the
counterface. The lubrication of the lip as well
as the type and characteristics of the medium
being sealed also have an influence, as the
medium may be able to transport heat away
from the lip contact.

differential across the seal.

permissible circumferential speeds for various
seal designs assuming normal seal operation,

HDDF

CRS
HMS

HS

non-split

HS

split
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1 Rotating counterface

15

20
Circumferential speed, m/s

Diagram 1
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Pressure

A difference in pressure from one side of the
sealing position to the other usually means
that radial shaft seals of a particular design
with garter spring have to be used, as other

standard seal types can normally only
« withstand a pressure differential of the order
of 0,07 MPa at relatively slow speeds.

Generally, for positions where a pressure
\ differential exists, CRW5 or CRWAS (fig 19)
Fig 19. CRWAS5 seal seals are recommended as these can
withstand pressures of up to 0,63 MPa at
speeds of up to 5 m/s.

When subjected to pressure, the lip of the
seal will be pressed harder against its
counterface causing more friction and a rise in
underlip temperature. When speeds are high
this will lead to accelerated wear and will
appreciably shorten the service life of the seal
and its counterface. Where there is a pressure
differential, the pressure and circumferential
speed should be carefully matched.

Fig 20. CRWH1 seal + support ring Temporary pressure differentials may make
it necessary to use a second seal, for example,
an additional radial shaft seal with the lip
pointing towards the higher pressure or a
V-ring seal (fig 22) with its lip directed
towards the lower pressure.

When subjected to pressure, shaft seals
should be axially located at the low pressure
side (fig 20 and fig 21) to prevent them from
being pressed out of the housing. In the case
« of standard radial shaft seals, additional radial
Fig 21. HDDF mechanical seal support for the seal may be beneficial as this
will prevent excessive distortion of the seal
under pressure and excessive lip pressure on
the counterface.

RN
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Fig 22. CRWS5 seals + V-ring seal
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Available space

In many cases, the space available for the seal
is insufficient to allow the use of standard
radial shaft seals having dimensions to ISO
6194 or DIN 3670. Special designs of radial
shaft seals must then be used (fig 23, fig 24),
or V-ring seals (fig 25), which can be
positioned outside the actual sealing position,
are also suitable.

Where V-ring seals (fig 25) can be used,
exceptionally economic sealing arrangements
can be produced, and additionally, the V-rings
are extremely easy to install. The V-ring seals
axially and the lip exerts a light pressure
against the counterface which may be a
stationary or rotating machine component.

Where space is limited radially or axially, and
where shafts have large diameters, seals of the
HS8 design may be used (fig 26).
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Fig 24. HMS special seal
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Fig 25. V-ring seals

Fig 26. HS8 seal
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Installation restrictions

For applications where the design is such that
the seal cannot be installed via the shaft end,
or where it is only possible with difficulty, the
elastic V-ring seals may be suitable, or any of
the split radial shaft seals of the HS6, HS7 and
HS8 (fig 26, fig 27) designs may be used.

These radial shaft seals are made of
elastomer only without any reinforcement.

\ They are therefore particularly simple to

Fig 27. HS8 seals install. After positioning on the shaft, they are
held together by the garter spring which is
joined either by a threaded or control wire
connector or by a hook and eye. They should
be retained axially in the housing bore by an
end cover, which may be either in one piece or
split.

Split HS radial shaft seals are suitable for
circumferential speeds at the sealing lip of up
to 7,5 or 10 m/s. They are available for shaft
diameters from approximately 170 to
approximately 4.570 mm.

Fig 28. V-ring seal V-ring seals are elastic and can be
stretched. They can therefore be installed by
passing them over other components (fig 28).
However, should V-ring replacement require
the time consuming removal of several
components, it is more advantageous to mount
one or two replacement V-rings on the shaft,
when making the first installation (fig 29).
' When the time comes to replace a worn
V-ring, it can easily be cut through and
removed and the replacement ring can be
simply and quickly moved to the correct
Fig 29. V-ring seals position.
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Arrangement

Generally speaking, all the seals listed in the
product tables are suitable for use on
horizontal as well as vertical shafts. However,
the axial clamp CT seals should only be used
as secondary (auxiliary) seals on horizontal
shafts.

Seals on vertical shafts are usually more
exposed to the surrounding media, e.g. rain
water from the outside or lubricating oil from
the bearing side, than seals on horizontal
shafts.

V-ring seals (fig 30, fig 31) have an
interference fit on the shaft and rotate with it.
They have a flinger action and are therefore
particularly suitable as primary or secondary
seals on vertical shafts.

At relatively low speeds, the HDDF
mechanical seals (fig 32) can efficiently retain
grease and prevent the ingress of
contaminants at vertical sealing positions.

Highly efficient sealing arrangements, e.g.
for submersible pumps, can be achieved using
radial shaft seals in tandem with a V-ring
(fig 33) for added protection.

akF
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Fig 30. V-ring seal

Fig 31. V-ring seal

Fig 32. HDDF mechanical seal
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Fig 33. CRWS5 seals + V-ring seal
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Counterface design

The sealing efficiency and life of a seal are
largely influenced by the

O surface finish and tolerance grade
as well as the
O material and hardness

of the surface on which the sealing lip is to
run, and also by the

O coaxiality deviation and
O runout of the shaft.

Too smooth a surface can lead to lubricant
starvation at the lip/counterface contact and
too rough a surface will wear the lip. Also, the
surface should be without machine lead
(directionality, grooves running diagonally
towards or away from the seal lip) as this
would cause leakage, depending on the
direction of rotation.
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Deviations from true coaxiality as well as
misalignment of the shaft with respect to the
housing bore result in uneven stressing of the
lip of radial shaft seals. Part of the
circumference of the lip will be unloaded thus
reducing its pressure against the shaft whilst
the remainder of the lip circumference will be
more heavily loaded and the width of the path
traced by the lip on the shaft will increase.

The runout of the shaft should be kept
within narrow limits, particularly at high
speeds, as there is a risk otherwise that the lip
will not be able to follow the shaft in spite of
the flexibility of the lip. The result will be gap
formation between lip and shaft and a loss of
sealing efficiency.

In contrast to radial shaft seals, V-ring seals
and axial clamp seals are not affected by
normal coaxiality deviations or runout.
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Axial movement

Axial movement of the shaft relative to the
housing bore will not detract from the sealing
power of radial shaft seals (fig 34), provided
that the total surface in contact with the lip
has the same quality with respect to hardness
and surface finish.

The amount of axial movement that can be
accommodated by V-ring seals and axial clamp
seals is limited by the permissible displacement
of the seal relative to its counterface (see
product tables).

Fig 34. Axial movement

Radial shaft seals

V-ring seals

Axial clamp seals

Mechanical seals
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Seal materials

Shells

The outer and inner shells (case and
reinforcement) of SKF radial shaft seals are
made from deep-drawn carbon steel sheet as
standard. The free surfaces are treated to
protect them from corrosion during normal
handling and storage.

SKF radial shaft seals which are to be used
in corrosive environments can be equipped
instead with stainless steel shells to special
order and subject to factory approval.

Garter springs
The garter spring of SKF radial shaft seals is
made of hard-drawn steel wire as standard.
The exceptions are the large radial shaft seals
of the HDS and HS designs where the
standard garter spring is made of stainless
steel.

In the product tables, those seals which have
a garter steel, different from the standard one,
are indicated under the heading “Notes”.

26

Bore-Tite®

Bore-Tite is a water-based polyacrylate sealant
and is used as a coating on the outside
diameter of some of the SKF radial shaft seals
as standard. This non-hardening pliable
sealant helps to fill small imperfections in the
housing bore. BoreTite can be used at
temperatures up to +200 °C and is resistant to
most oils, greases, aqueous acids and alkalis,
alcohols and glycols. It is not compatible with
aromatics ketones and esters, although
splashes of these substances that can be
wiped off quickly have little or no effect. The
Bore-Tite layer has a thickness of between
approximately 0,03 to 0,07 mm.

Adhesives

In its endeavour to make its production
processes as environmentally friendly as
possible, SKF uses adhesives and bonding
agents which are almost exclusively water-
based. When used in the presence of fluids
containing water, e.g. cutting fluids or cooling
emulsions, and when operating temperatures
are in the region of +65 °C or above, the nitrile
rubber component of a seal may loosen from
the carbon or stainless steel shell, although the
nitrile rubber itself will not be affected.
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Sealing lip materials

The sealing lips of SKF seals are generally
made of elastomer materials. However,
thermoplastic materials such as PTFE are
gaining in importance. Thermoplastics are
mainly used for special seals intended for
particular applications where there are
demands for high thermal or chemical
resistance.

SKF seals are generally produced from the
materials listed in Table 1. These materials
have characteristic properties making them
particularly suitable for specific applications;
these characteristics are briefly described in
the following. By changing the actual
formulation and blending it is possible to
maodify the following properties:

D resistance to swelling,

D elasticity,

O chemical resistance,

O thermal resistance,

O behaviour in the cold, and/or
O gas permeability

of the elastomers to suit individual
requirements. Details regarding the chemical
resistance of the sealing lip materials to the
various media encountered in operation will
be found in the section “Chemical resistance”.

A code is used to identify the material of the
sealing lip of SKF seals, see Table 1. The codes
also appear in the designations of the metric
radial shaft seals. For seals where a combi-
nation of materials is used, a combination of
the code letters is used, e.g. RD.

Table 1. SKF Sealing lip materials

Composition of basic material Designation
according to SKF 1S01629 ASTM1) D1418
1S01043.1, ASTM D1600
DIN 7728 Part 1
Acrylonitrile-butadiene rubber (nitrile rubber) R NBR NBR
Hydrogenated acrylonitrile-butadiene rubber H WNBR NEM
(Duratemp®)
Carboxylated nitrile rubber (Duralip®) D X-NBR X-NBR
Polyacrylate elastomer P ACM ACM
Silicone rubber S MVQ VMQ
Fluoro rubber \Y FPM FKM
Polytetrafluoro-ethylene T PTFE PTFE
Leather L - -
Felt F - -

1) American Society for Testing and Materials

akF
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Nitrile rubber

The term nitrile rubber is used in this
catalogue for acrylonitrile butadiene rubber.
This material has very good engineering
properties and is the “universal” seal material.
It is a copolymer produced from acrylonitrile
and butadiene. It shows good resistance to the
following media:

O most mineral oils and greases with a miner-
al oil base,

O normal fuels: petrol, diesel and light heat-
ing oils,

O animal and vegetable oils and fats, and

O hot water.

It also tolerates short-term dry running of the
sealing lip. The permissible operating temp-
erature range is -50 to +100 °C; for brief
periods temperatures of up to +120 °C can be
tolerated.

Duralip®

Duralip is a carboxylated nitrile rubber
developed by SKF which combines the good
technical properties of nitrile rubber with a
particularly high resistance to wear. It is mainly
used for large seals having a bore diameter of
200 mm or more. Seals of this material should
be chosen when abrasive substances such as
sand, soil, scale etc. can reach the surface on
which the sealing lip runs.

Duratemp®
Duratemp is a hydrogenated nitrile rubber
which has appreciably improved wear
resistance compared with nitrile rubber so that
seals made of Duratemp have long life.
Duratemp is also more resistant to heat,
ageing and hardening in hot oil or ozone.
Mixtures of oil in air may have a negative
effect. The upper operating temperature limit
is +150 °C, which is appreciably higher than
that of ordinary nitrile rubber.

Duratemp is mainly used for large radial
shaft seals.
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Polyacrylate elastomer

Polyacrylate elastomer is more heat resistant
than nitrile rubber or Duralip. The operating
temperature range lies between —40 and
+150°C and in some fluids the upper limit may
be extended to +175°C. Seals of polyacrylate
are resistant to ageing and ozone and are also
suitable for use with lubricants containing

EP additives. They should not be used to seal
against water, acids or alkalis etc. Dry running
should also be avoided.

Silicone rubber

Silicone rubber is characterised by high
thermal resistance and can be used at
temperatures between —70 and +160 °C.
Another interesting property of silicone rubber
is that it absorbs lubricant and thus reduces
friction and wear to a minimum.

SKF silicone rubber seals are particularly
suitable for service at very low or very high
temperatures and for low-friction sealing of
bearing arrangements. They are not very
resistant to oxidised oils or to certain

EP additives, however, and they should be
protected against abrasive substances. The lip
should not be allowed to run dry.

Fluoro rubbers (LongLife®)
Fluoro rubbers are characterised by their high
thermal and chemical resistance. Their
resistance to ageing and ozone is also very
good and their gas permeability is very slight.
SKF fluoro rubber seals have exceptionally
good properties even under harsh environ-
mental conditions and can withstand operating
temperatures of up to +200°C. The seals are
also resistant to oils and hydraulic fluids, fuels
and lubricants, mineral acids and aliphatics as
well as aromatic hydrocarbons which would
cause seals made of other materials to fail.
They will also tolerate dry running of the lip for
short periods. The seals should not be used in
the presence of esters, ethers, ketones, certain
amines and hot anhydrous hydrofluorides.
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Because of their useful properties, SKF
produces fluoro rubber seals for all common
shaft diameters from 3 to 1.575 mm.

At temperatures above 300 °C, fluoro rubber
gives off dangerous fumes. This can occur, for
example, if a welding torch is used when
dismounting a bearing. Although the fumes are
only produced at high temperatures, once
heated the seals will be dangerous to handle
even when they have cooled down. If it is
necessary to handle fluoro rubber seals which
have been subjected to excessive tempera-
tures, the following should be observed:

D protective goggles and gloves should
always be worn,

O the remains of seals should be put in an
airtight plastic container which should be
marked with a suitable symbol for “material
will etch”,

O respect the information given on the
appropriate safety data sheet.

If there is unintentional contact, hands should
be washed with soap and plenty of water and
water should also be used as an eye bath. A
doctor should always be consulted. This also
applies if, during heating of the seals, the
vapours have been inhaled. SKF takes no
responsibility for the improper handling of
fluoro rubber seals nor for any injury resulting
therefrom. The user is responsible for the
correct use of the product during its service life
and its proper disposal.

akF

Polytetrafluoro-ethylene
Polytetrafluoro-ethylene, PTFE, is a
thermoplastic polymer, the chemical resistance
of which is far superior to that of any of the
materials so far described. The operating
temperature range extends from -70 to +200
°C and may go up to +260 °C. The effects of
overheating are as described under fluoro
rubber.

PTFE has a smooth dirt-resistant surface
and a very low coefficient of friction. The seals
will tolerate dry running and also provide
insulation against the passage of electric
current.

SKF seals of PTFE, or with PTFE sealing lips,
are made to special order and represent
tailored solutions to specific problems.
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Product data - General

Wear resistance

The wear resistance of seals is largely
determined by the material from which the
sealing lip is made and is also influenced by
the surface finish of the counterface, the type
of lubrication, the circumferential speed, the
temperature and the pressure differential.

A comparison of the wear resistance of the
various materials used by SKF for the sealing
lips is shown in Diagram 2. It is valid for seals
of the same size operating under identical
conditions. Although the use of SKF seals
made of the wear resistant LongLife materials
fluoro rubber or PTFE is initially more
expensive than if nitrile rubber seals are used,
the total costs may be lower because of
reduced maintenance and less downtime.

More detailed information on the material
properties will be found in the section
“Materials”.

Diagram 2

-
Silicone
rubber

Polyacrylate
elastomer

Nitrile rubber

Leather

Duralip (X-NBR)

Duratemp (H-NBR)

Fluoro rubber

Polytetrafluoroethylene

Wear resistance

30

akF



Industrial shaft seals

Operating temperatures

Low as well as high temperatures influence the
effectiveness of seals. At low temperatures, the
sealing lip will lose its elasticity and become
hard and brittle. Sealing efficiency will
decrease and the seal will become more
susceptible to mechanical damage. The static
seal between the seal outside diameter and
the housing bore may also be affected if the
materials are different and shrink at different
rates. To avoid such problems when aluminium
alloy housings are used, for example, radial
shaft seals with an elastomeric outside
diameter are recommended.

Friction, the circumferential speed of the seal
lip, temperature, the viscosity of the medium
being sealed as well as the specific heat
transfer along the shaft all influence the
temperature at the sealing position and the
temperature between the lip and lubricant film
on the counterface. High temperatures
generally lead to a breakdown of the lubricant
film. Lack of lubrication is one of the most
common causes of premature seal failure.

For applications where temperatures are
continuously high, special high-temperature lip
materials should be used, e.g. SKF LongLife
seals of fluoro rubber (FPM) or
polytetrafluoro-ethylene (PTFE).

To illustrate the thermal resistance of the
various materials normally used by SKF, the
permissible operating temperature ranges are
shown in Diagram 3.

Diagram 3

Leather

Nitrile rubber

Duralip (X-NBR)

Duratemp (H-NBR)

Polyacrylate elastomer

Silicone rubber

Fluoro rubber

Polytetrafluoro-ethylene

80 60 -40 -20 0 +50

+100 +150 +200 +250

Temperature, °C
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Product data - General

Chemical resistance

In the table “Chemical resistance” (from page
33 to page 43) information will be found
about the chemical resistance of SKF seal
materials to most of the substances
encountered in industrial applications. The
information is based on in-house testing and
the experience of users, as well as information
from the suppliers of the various materials.
Unless otherwise stated, the information is
valid for media of commercial purity and
quality.

The chemical resistance of seals is also
influenced by temperature as well as pressure
and the amount of media present. Other
factors which are important when selecting a
suitable seal material include:

O the type of service, static or dynamic,

O the circumferential speed of the sealing lip,
O the shaft and housing materials,

O the surface finish of the counterface.

32

Therefore, the information contained in the
table “Chemical resistance” can only be
considered as a rough guide. In case of doubt,
particularly if previous experience is lacking, or
where well-proven seals are to be used under
different operating conditions, it is advisable to
contact SKF for advice.

Explanation

RT = room temperature

1 = minor effect

2 = moderate effect

3 = static only

4 = not recommended

5 = insufficient data, test before use

akF
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
A
Acetaldehycle RT 4 4 4 2
Acetamide RT 1 2 4 2
Acetic acid, 100% (glacial) 60 3 3 4 2
Acetic acid, 30% RT 2 2 4 1
Acetic acid, 3% (vinegar) RT 2 1 4 1
Acetic anhydride RT /80 3 4 4 3
Acetone RT 4 4 4 3
Acetophenone RT 4 4 4 4
Acetylene 60 1 1 5 2
Acrylonitrile RT /60 4 3 4 4
Adipic acid (aq) RT 1 1 5 5
Alum (aq) 100 1 1 4 1
Aluminium acetate (aq) RT 2 4 4 4
Aluminium chloride (aq) RT 1 1 1 2
Aluminium fluoride (aq) RT 1 1 5 2
Aluminium nitrate (aq) RT 1 1 5 2
Aluminium phosphate (aq) RT 1 1 5 1
Aluminium sulphate (aq) RT /60 1 1 4 1
Ammonia (anhydrous) RT 2 4 4 3
Ammonia gas RT 1 4 4 2
Ammonia gas 80 /100 4 4 4 1
Ammonium carbonate (aq) RT /60 2 5 4 5
Ammonium chloride (aq) RT /60 1 1 5 5
Ammonium chloride (dry) (sal ammoniac) RT 1 1 1 2
Ammonium nitrate (aq) RT 1 5 2 5
Ammonium persulphate (aq) RT 4 5 4 5
Ammonium phosphate (aq) RT /60 1 5 5 1
Ammonium sulphate (aq) 100 1 4 4 5
Amyl acetate RT 4 4 4 4
Amyl alcohol 60 2 2 4 4
Aniline 60 /100 4 3 4 4
Aniline dyes RT 4 2 4 3
Aniline hydrochloride RT 2 2 4 4
Aniline hydrochloride 100 4 5 5 5
Animal fats 80 1 1 1 2
Agua Regia RT 4 5 4 4
Arsenic acid RT /60 1 1 3 1
Arsenic trichloride (aq) RT 1 5 5 5
Asphalt (liquid) 100 2 2 4 4
B
Barium chloride (aq) RT /60 1 1 1 1
Barium hydroxide (aq) RT /60 1 1 4 1
Barium sulphate RT /60 1 1 4 1
Barium sulphide (aq) RT /60 1 1 4 1
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
Beer RT 1 1 4 1
Benzaldehyde RT /60 4 4 4 4
Benzene RT 4 1 4 4
Benzene sulphonic acid RT 4 1 4 4
Benzoic acid RT /60 4 1 4 4
Benzoyl chloride RT 4 1 4 5
Benzyl alcohol RT /60 4 1 1 2
Benzyl benzoate 50/ 60 4 1 4 5
Benzyl chloride RT 4 1 4 4
Blast furnace gas 100 4 1 4 1
Borax (aq) RT /60 2 1 5 2
Bordeaux mixture RT 2 1 4 2
Boric acid 60 /100 1 1 4 1
Brake fluid, ATE 80 4 4 4 1
Brake fluid, glycol ether 80 4 5 4 1
Brine (sodium chloride, aq) RT /50 1 1 4 1
Bromine, anhydrous (liquid/gaseous) RT 4 1 4 4
Bromine trifluoride RT 4 4 4 4
Bromine water RT 4 1 4 4
Bromobenzene RT 4 1 4 4
Bunker oil 60 1 1 1 2
Butadiene (gaseous or liquified) RT 4 1 4 4
Butane (gaseous or liquified) RT 1 1 1 4
Butter (animal fat) RT /80 1 1 1 2
Butyl acetate RT 4 4 4 4
Butyl acrylate RT 4 4 4 5
Butyl alcohol RT 2 1 4 2
Butyl amines RT 3 4 4 4
Butylene RT 2 1 4 4
Butyl stearate 50 2 1 5 5
Butyraldehyde RT 4 4 4 4
C
Calcium acetate (aq) RT 2 4 4 4
Calcium bisulphite (aq) RT 1 1 4 1
Calcium chloride (aq) 60 1 1 1 1
Calcium hydroxide (aq) RT 1 1 4 1
Calcium hypochlorite (aq) RT /60 2 1 4 2
Calcium nitrate (aq) RT /40 1 1 1 2
Cane sugar liquors RT /60 1 1 4 1
Carbon dioxide RT 1 1 5 2
Carbon disulphide RT 3 1 3 4
Carbonic acid RT 2 1 1 1
Carbon monoxide 60 1 1 5 1
Carbon tetrachloride RT /60 3 1 4 4
Castor oil RT 1 1 1 1
34 akF



Industrial shaft seals

Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
Cellosolve (ethyl glycol) RT 4 3 4 4
Cellosolve acetate (ethyl glycol acetate) RT 4 4 4 4
Chlorine (dry) RT 4 1 4 4
Chlorine (wet) RT 4 1 4 4
Chlorine dioxide RT 4 1 4 5
Chlorine trifluoride RT 4 4 4 4
Chloroacetic acid 60 4 4 4 5
Chloroacetone RT 4 4 4 4
Chlorobenzene RT 4 1 4 4
Chlorobromomethane RT 4 1 4 4
Chlorobutadiene RT 4 1 4 4
Chloroform RT 4 1 4 4
Chlorosulphonic acid RT 4 4 4 4
Chlorotoluene RT 4 1 4 4
Chromic acid 60 4 1 4 3
Citric acid 60/70 1 1 5 1
Cobalt chloride (aq) RT 1 1 4 2
Coconut oil 50/80 1 1 1 1
Cod liver oil RT 1 1 1 2
Coke oven gas 80 4 1 4 2
Copper acetate (aq) RT 2 4 4 4
Copper chloride (aq) RT 1 1 1 1
Copper sulphate (aq) 60 1 1 4 1
Corn oil RT /60 1 1 1 1
Cottonseed oil RT /70 1 1 1 1
Cresol 50/70 4 1 4 4
Cumene (isopropylbenzene) RT 4 1 4 4
Cyclohexane RT 1 1 1 4
Cyciohexanol RT 3 1 5 4
Cyclohexanone RT 4 4 4 4
p-Cymene RT 4 1 4 4
D
Decahydronaphthalene (decalin) RT /60 4 1 5 4
Detergent RT 1 1 4 1
Developing fluids (photography) RT 1 1 5 1
Diacetone alcohol RT 4 4 4 2
Dibenzyl ether RT 4 4 5 5
Dibutyl amine RT 4 4 4 3
Dibutyl ether RT 4 3 3 4
Dibutyl phthalate RT /60 4 3 4 2
Dibutyl sebacate RT /60 4 2 4 2
o-Dichlorobenzene RT 4 1 4 4
Dicyclohexylamine RT 3 4 4 5
Diethyl amine RT 2 4 4 2
Diethyl benzene RT 4 1 5 4
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
Diethyl ether RT 4 4 3 4
Diethyl sebacate RT 2 2 4 2
Diisopropyl benzene RT 4 1 5 5
Dimethyl aniline (Xylidine) RT 3 4 4 4
Dimethyl ether RT 1 2 4 1
Dimethyl formamide RT /60 2 4 4 2
Dimethyl phthalate RT 4 2 4 5
Dioctyl phthalate RT /60 3 2 4 3
Dioctyl sebacate RT /60 4 2 4 3
Dioxane RT /60 4 4 4 4
Dioxolane RT 4 4 4 4
Dipentene RT 2 1 4 4
Diphenyl oxide RT 4 1 4 3
Dowtherm oils 100 4 1 4 3
Dry cleaning fluids 40 3 1 4 4
E
Epichlorohydrin RT 4 4 4 4
Ethane RT 1 1 1 4
Ethanol (denatured alcohol) RT 1 1 4 1
Ethanolamine (monoethanolamine) RT 2 4 4 2
Ethanolamine (di- and triethanolamine) 50 5 4 4 2
Ethyl acetate RT 4 4 4 2
Ethyl acrylate RT 4 4 4 2
Ethyl benzene RT 4 1 4 4
Ethyl benzoate RT 4 1 4 4
Ethyl chloride RT 1 1 4 4
Ethylene RT 1 1 5 5
Ethylene chloride RT 4 2 4 4
Ethylene chlorohydrin RT 4 1 4 3
Ethylene diamine RT 1 4 4 1
Ethylene glycol RT 1 1 2 1/2
Ethylene glycol 100 1 1 3 1/2
Ethylene oxide RT 4 4 4 4
Ethylene trichloride RT 4 1 4 4
Ethyl ether RT 3 4 4 4
Ethyl formate RT 4 1 5 5
Ethyl glycol (Cellosolve) RT 4 3 4 4
Ethyl glycol acetate (Cellosolve acetate) RT 4 4 4 4
Ethyl silicate RT 1 1 5 5
F
Fatty acids 100 2 1 5 3
Ferric chloride (aq) RT 1 1 1 2
Ferric nitrate (aq) RT 1 1 1 3
Ferric sulphate (aq) RT 1 1 1 2
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
Fish oil RT 1 1 5 1
Fluorine (liquified) RT 4 2 4 4
Fluorobenzene RT 4 1 4 4
Fluorosilic acid 60 1 1 5 4
Formaldehyde RT 3 1 4 2
Formaldehyde, 37 % below 100 2 1 4 2
Formic acid RT /60 2 3 5 2
Fuels
— Aero engine fuels JP:
—JP3 (MIL-J-5624 G) RT 1 1 2 4
—JP4 (MIL-J-5624 G) RT 1 1 2 4
—JP5 (MIL-J-5624 G) RT 1 1 2 4
—JP6 (MIL-F-25656 B) RT /60 1 1 5 4
—ASTM reference fuels:
— ASTM-A (MIL-S-3136 B Typ 1) RT /60 1 1 2 4
—ASTM-B (MIL-S-3136 B Typ 111) RT /60 1 1 5 4
—ASTM-C RT /60 2 1 4 4
— Diesel fuel 60 1 1 2 2
— Fuel oil 60 1 1 1 4
— Gasohol (10 % ethanol or methanol) RT 2 3 4 4
— Kerosene RT 1 1 1 4
— Mineral oil 100 1 1 1 2
— Petrol RT 1 1 4 4
Fumaric acid RT 1 1 4 2
Furan RT 4 5 4 5
Furfural RT 4 4 4 4
Furfuran RT 4 5 4 5
G
Gelatine (aq) 40 1 1 4 1
Glucose RT 1 1 5 1
Glue RT 1 1 5 1
Glycerin 100 1 1 3 1
Glycols 100 1 1 4 1/2
H
n-Hexaldehyde RT 4 4 5 2
Hexane RT /60 1 1 1 4
1-Hexene RT 2 1 1 4
Hexyl alcohol RT 1 1 4 2
Hydraulic fluids
— Hydraulic oils (acc. to DIN 51524) 80 1 1 1 3
— Hydraulic fluids (acc to DIN 51502):
— HFA (oil in water emulsion) 55 1 1 5 5
— HFB (water in oil emulsion) 60 1 1 5 5
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
— HFC (aqueous Polymer solutions) 60 1 1 5 1
— HFD (phosphoric esters) 80 4 2/4 4 4
— Skydrol 500 80 4 4 4 3
— Skydrol 7000 80 4 2 4 3
Hydrazine RT 2 4 5 3
Hydrobromic acid RT /60 4 1 4 4
Hydrochloric acid (conc.) RT 3 1 4 3
Hydrochloric acid (conc.) 80 4 2 4 4
Hydrocyanic acid (Prussic acid) RT 2 1 4 3
Hydrofluoric acid (conc.) RT 4 1 4 4
Hydrofluoric acid (conc.) 100 4 3 4 4
Hydrofluoric acid (anhydrous) 100 4 4 4 4
Hydrogen gas RT 1 1 2 3
Hydrogen peroxide (90 %) RT 4 2 4 2
Hydrogen sulphide (wet) RT /100 4 4 4 3
Hydroquinone RT 4 2 4 5
Hypochlorous acid RT 4 1 4 5
|
lodine pentafluoride RT 4 4 4 4
Isobutyl alcohol RT 2 1 4 1
Isooctane RT 1 1 1 4
Isophorone RT 4 4 4 4
Isopropyl acetate RT /80 4 4 4 4
Isopropyl alcohol RT /60 2 1 4 1
Isopropyl chloride RT 4 1 4 4
Isopropyl ether RT/60 2 4 3 4
L
Lactic acid RT 1 1 4 1
Lactic acid 100 4 1 4 2
Lard 80 1 1 1 2
Lavender oil RT 2 1 2 4
Lead acetate (aq) RT /60 2 2 4 4
Lead nitrate (aq) RT 1 5 5 2
Linoleic acid RT 2 2 5 2
Linseed oil RT /60 1 1 1 1
Lubricants
—ASTM oil No. 1 100 1 1 1 3
—ASTM oil No. 2 100 1 1 1 3
—ASTM oil No. 3 100 1 1 1 3
— ATF oils, type A 100 1 1 1 4
— ATF oils, type | 100 1 1 1 4
—ATF oils, type Il 100 1 1 1 4
— ATF oils, type F 100 1 1 1 4
— ATF oils, type Mercon 100 1 1 1 4
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
— EP lubes 100 2 1 1 4
— Fluorolube 100 1 2 5 1
— Grease MIL-G-7118 A 80 1 1 3 3
— Grease MIL-G-7711 A 80 1 1 1 3
- Lubricating oils (petroleum) 100 1 1 1 4
— Red oil (MIL-H-5606) 100 1 1 1 4
- RJ-1 (MIL-F-25558 B) 100 1 1 1 4
— RP-1 (MIL-F-25576 C) 100 1 1 1 4
— Motor oil SAE 30 100 1 1 1 1
— Transmission oil SAE 90 100 1 1 1 4
— Transmission oil MIL-L-23699 A 100 1 1 3 3
— Silicone greases 120 1 1 1 3
— Silicone oils 120 1 1 1 3
— Transformer oil (Pyranol) 60 4 1 5 4
— Transformer oil 60 1 1 2 2
— Transmission fluid type A RT 1 1 1 2
— Turbine oil 100 2 1 1 4
M
Magnesium chloride (aq) 100 1 1 5 1
Magnesium hydroxide (aq) 100 2 1 4 5
Magnesium sulphate (aq) 100 1 1 4 1
Maleic acid 100 4 1 4 5
Maleic anhydride 60 4 4 4 5
Malic acid RT 1 1 4 2
Mercury RT /60 1 1 5 5
Mercury chloride (aq) RT /60 1 1 5 5
Mesityl oxide RT 4 4 4 4
Methane RT 1 2 1 4
Methanol (methyl alcohol) 60 1 4 4 1
Methyl acetate RT 4 4 4 4
Methyl acrylate RT 4 4 4 4
Methyl aniline RT 4 2 4 5
Methyl bromide RT 2 1 3 5
Methyl cellosolve (methyl glycol) RT 3 4 4 4
Methyl chloride RT 4 2 4 4
Methyl cyclopentane RT 4 2 4 4
Methylene chloride RT 4 2 4 4
Methyl ethyl ketone RT 4 4 4 4
Methyl formate RT 4 5 5 5
Methyl glycol (Cellosolve) RT 3 4 4 4
Methyl isobutyl ketone RT 4 4 4 4
Methyl methacrylate RT 4 4 4 4
Methyl salicylate RT 4 5 5 5
Milk RT 1 1 4 1
Mustard gas RT 5 5 5 1
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
N
Naphtha RT 2 1 2 4
Naphthalene 60 4 1 5 4
Naphthalenic acid RT 2 1 5 4
Natural gas RT 1 1 2 1
Neat-s-foot oil RT /60 1 1 1 2
Nickel acetate (aq) RT 2 4 4 4
Nickel chloride RT 1 1 4 1
Nickel sulphate (aqg) RT /60 1 1 4 1
Nitric acid (conc.) RT 4 3 4 4
Nitric acid (fuming) RT 4 4 4 4
Nitric acid (dilute) RT 4 1 4 2
Nitrobenzene 50 4 2 4 4
Nitroethane RT 4 4 4 4
Nitrogen 20 1 1 1 1
Nitrogen tetroxide RT 4 4 4 4
Nitromethane RT 4 4 4 4
0
Octadecane RT /50 1 1 2 4
n-Octane RT 2 1 4 4
Octyl alcohol RT 2 1 4 2
Oleic acid 70 1 2 2 4
Olive oil 60 1 1 1 3
Oxalic acid 70 2 1 5 4
Oxygen RT 2 1 2 1
Oxygen above 100 4 2 4 2
Ozone RT 4 1 2 1
P
Palmitic acid 60 1 1 4 4
Peanut oil RT /50 1 1 1 1
Perchloric acid RT 4 1 4 4
Perchloroethylene RT /60 2 1 4 4
Petroleum below 120 1 1 2 2
Petroleum above 120 4 2 4 4
Petroleum ether RT /60 1 1 1 4
Petroleum gas (liquified) RT 1 1 3 3
Phenol 60/100 4 1 4 4
Phenyl ethyl ether RT 4 4 4 4
Phenyl hydrazine RT /60 4 1 4 5
Phoron (diisopropylidene acetone) 60 4 4 4 4
Phosphoric acid, 20 % 50/60 2 1 5 2
Phosphoric acid, 45 % 50/60 4 1 5 3
Phosphorus trichloride RT 4 1 5 5
Pickling solution RT 4 2 4 4
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H

Picric acid RT 4 1 5 4
Pinene RT 2 1 4 4
Pine oil RT 4 1 5 4
Piperidine RT 4 4 4 4
Potassium acetate (aq) RT 2 4 4 4
Potassium chloride (aq) RT /60 1 1 1 1
Potassium cyanide (aq) RT /50 1 1 1 1
Potassium dichromate (aq) RT 1 1 1 1
Potassium hydroxide (aq) 60 2 4 4 4
Potassium nitrate (aq) RT /60 1 1 1 1
Potassium sulfate (aq) RT /60 1 1 4 1
Propane RT 1 1 1 4
Propyl acetate RT 4 4 4 4
Propyl alcohol RT /60 1 1 4 1
Propylene RT 4 1 4 4
Propylene oxide RT 4 4 4 4
Prussic acid (hydrocyanic acid) RT 2 1 4 3
Pyridine RT 4 4 4 4
Pyroligneous acid RT 4 4 4 5
Pyrrole RT 4 4 4 2
R
Rapeseed oil RT 2 1 2 4
Refrigerants (acc. to DIN 8962)
-R11 RT 2 1 5 4
-R12 RT 1 2 1 4
-R13 RT 1 1 5 4
-R13B1 RT 1 1 5 4
-R14 RT 1 1 5 4
-R21 RT 4 4 5 4
-R22 RT 4 4 2 4
-R31 RT 4 4 5 5
-R32 RT 1 4 5 5
-R 112 RT 3 1 5 4
-R 113 RT 1 2 5 4
-R 114 RT 1 2 5 4
-R 114 B2 RT 2 2 5 4
-R 115 RT 1 2 5 5
-RC318 RT 1 2 5 5
S
Salicylic acid RT 2 1 5 5
Sea water RT 1 1 4 1
Silver nitrate (aq) RT 2 1 1 1
Soap solution RT 1 1 4 1
Sodium acetate (aq) RT 2 4 4 4
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Chemical resistance

Medium Temperature Lip material
°C R \Y P S
D
H
Sodium bicarbonate (aq) 60 1 1 5 1
Sodium bisulphite (aq) 100 1 1 4 1
Sodium carbonate (soda) RT /60 1 1 5 1
Sodium chloride (aq) RT /100 1 1 5 1
Sodium cyanide (aq) RT 1 1 5 1
Sodium hydroxide (aq) RT 2 2 3 2
Sodium hypochlorite (aq) RT /50 2 1 4 5
Sodium metaphosphate RT /60 1 1 5 2
Sodium nitrate (aq) RT /60 2 5 5 4
Sodium phosphate (aq) RT /60 1 1 4 4
Sodium silicate (aq) RT /60 1 1 5 5
Sodium sulphate (aq) (Glauber's salt) RT /60 1 1 4 1
Sodium thiosulphate (aq) RT /50 2 1 4 1
Soyabean oil RT 1 1 1 1
Stannic chloride (aq) RT /80 1 1 5 2
Stannous chloride (aq) RT /80 1 1 5 2
Steam below 150 4 4 4 3
Steam above 150 4 4 4 4
Stearic acid 60 2 2 4 2
Stoddard solvent RT 1 1 1 4
Styrene RT 4 2 4 4
Sucrose solution RT /60 1 1 4 1
Sulphur RT /60 4 1 4 3
Sulphur chloride (aq) RT 3 1 4 3
Sulphur dioxide (dry) RT /60 4 1 4 2
Sulphur dioxide (liquified) RT /60 4 1 4 2
Sulphur dioxide (wet) RT /60 4 1 4 2
Sulphur hexafluoride RT 2 1 4 2
Sulphuric acid (conc.) RT /50 4 1 4 4
Sulphuric acid (20 %) (battery acid) 60 4 1 4 4
Sulphuric acid (dilute) RT 3 1 2 4
Sulphurous acid RT /60 4 1 4 4
Sulphur trioxide RT 4 1 4 2
T
Tannic acid RT /60 1 1 4 2
Tar, bituminous RT 2 1 4 2
Tartaric acid 60 1 1 5 1
Tepineol RT 2 1 5 5
Tetrabromoethane RT 4 1 4 4
Tetrabromomethane RT 4 1 5 4
Tetrabutyl titanate RT 2 1 5 5
Tetrachloroethylene 60 4 2 4 4
Tetraethyl lead RT 2 1 5 5
Tetrahydrofuran RT 4 4 4 4
Tetrahydronaphthalene (Tetralin) RT 4 1 5 4
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Chemical resistance

Medium Temperature Lip material

°C R \Y P S

D
H
Thionyl chloride RT 4 2 4 5
Titanium tetrachloride RT 2 1 4 4
Toluene RT 4 1 4 4
Toluene diisocyanate RT 4 4 4 4
Triacetin RT 2 1 4 5
Tributoxy ethyl phosphate RT 4 1 4 5
Tributyl phosphate RT /60 4 4 4 4
Trichloroacetic acid 60 5 4 4 4
Trichloroethane RT 4 1 4 4
Trichloroethylene RT 4 1 4 4
Tricresyl phosphate RT /60 4 1 4 3
Triethanol amine RT 2 4 4 5
Triethyl aluminium RT 4 2 4 5
Triethyl borane RT 4 1 4 5
Trinitrotoluene RT 4 2 4 5
Trioctyl phosphate RT/60 4 2 4 3
Tung oil (China wood oil) RT 1 1 1 4
Turpentine RT 1 1 2 4
v
Varnish RT 2 1 4 4
Vegetable oil 60 1 1 1 2
Vinyl acetylene RT 1 1 5 2
Vinyl chloride RT 4 1 5 5
w
Water 100 1 1 4 1
Whisky RT 1 1 4 1
White oil RT /80 1 1 1 4
Wine RT 1 1 4 1
Wood oil RT 1 1 1 4
X
Xylene RT 4 1 4 4
Xylidine (di-methyl aniline) RT 3 4 4 4
z
Zeolites RT 1 1 5 5
Zinc acetate (aq) RT 1 1 4 4
Zinc chloride (aq) RT 1 1 4 1
Zinc sulphate (aq) RT 1 1 4 1
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Storage and handling of seals

General

The following guidelines for the storage and
cleaning of seals are valid for natural and/or
synthetic rubber elastomer materials and
correspond to those standardised in ISO 2230
— 1973 and DIN 7716. DIN 9088 — Aerospace:
guidelines for the permissible storage times of
elastomer products - should also be observed.

The following stipulations to DIN 7716 in
respect of storage facilities and actual storage
are valid for long-term storage. For shorter
periods (up to 6 months), e.g. in production
or delivery stores with a continuous flow of
materials, these recommendations can be
applied, except for those relating to the storage
facilities and temperature; there should,
however, be no detrimental change to the
appearance or function of the products.

Under unfavourable storage conditions or
through improper handling most products of
natural or synthetic rubber will change their
physical properties. This can lead to a
shortening of life, or the products may be
rendered unusable, for example, as a result of
hardening or softening, permanent
deformation, peeling, cracks or other surface
damage. These changes can be brought about
by the influence of oxygen, ozone, heat, light,
moisture, solvents etc. or by storing the
products under stress or load. Properly stored
elastomer products, on the other hand,
generally retain their properties virtually
unchanged for several years.

Store

The actual store should be cool, dry,
moderately ventilated and there should be little
dust. Outdoor storage without protection is not
permitted.

The appropriate storage temperature
depends on the elastomer concerned. The
most favourable storage temperature for
synthetic rubber seals is in the range +15 to
+25 °C. Higher temperatures must be avoided
as well as lower temperatures.
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Elastomer products which have been subjected
to low temperatures during transport or
storage may have become stiff. They should,
therefore, be allowed to warm up and be kept
at a temperature of at least +20 °C before
being used. Preferably, this should be done
before they are unpacked to avoid condensa-
tion on the products themselves.

In heated storage rooms the products should
be shielded from the heat source. There should
be at least 1 m between the packages and the
source of heat. Where a heater with fan is
used, the distance should be greater. Storage
in damp rooms should be avoided because of
the risk of condensation. A relative humidity of
under 65% is best.

The seals should be protected from light,
particularly from direct sunlight or artificial
light with a high proportion of UV radiation.
Any windows in the store should, therefore, be
covered with a red or orange coating (never
blue). Ordinary light bulbs are to be preferred
for illumination.

The seals should be wrapped or stored in
airtight containers or otherwise be protected
against atmospheric changes and particularly
against draught. This is especially important
for products which have a surface that is large
in relation to the volume.

As ozone is particularly damaging, steps
should be taken to see that no ozone is
produced in the store e.g. as a result of using
electric motors or other equipment which can
produce sparks or other electric discharges.
Combustion fumes and vapours which can
produce ozone as a result of photochemical
processes should be exhausted. For this reason
solvents, fuels, lubricants, chemicals, acids,
disinfectants etc. should not be stored in the
same room as the seals.

akF



Industrial shaft seals

It should be observed that elastomer products
should not be subjected to tension,
compression or other forms of loading in
storage, as these can produce permanent
deformations and cracks. Seals should
therefore not be hung on hooks during
storage. Certain metals, especially copper and
manganese, damage elastomer products.
Contact with these metals should thus be
avoided and the seals should be covered with
layers of paper or polyethylene to prevent such
contact.

In case it is necessary to repack the seals,
packaging and covering materials should not
contain substances which are damaging the
seals, e.g. copper or alloys containing copper,
petroleum, oil etc. The packaging materials
should not contain softeners.

If the products are powdered, then the
powder must not contain damaging
substances. Suitable powders are talcum,
chalk, finely divided glimmer and rice starch.

Seals which are made of different materials
should not be in contact with each other. This
is particularly important where the seals have
different colours.

Seals should be stored for as short a
period as possible. Where long-term storage
is involved, care should be taken to see that
newly arrived products are kept separate from
those already in storage.
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Cleaning and maintenance

Elastomer products should be cleaned, if
necessary, using warm soapy water (not above
30°C) and allowed to dry off at room
temperature.

Solvents such as trichloroethylene, carbon
tetrachloride or hydrocarbons should not be
used, nor should sharp-edged objects, wire
brushes, emery cloth or sandpaper.

Elastomer/metal combinations can be
cleaned using a 1:10 mixture of glycerine in
alcohol.
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Product data - General

Questionnaire form

From

Company:

Address:

Name: Department:

Telephone: Telefax:

Date:

To

1. Application

Where is the seal to be used (machine, equipment etc.)

O New design O Design modification

O Drawing/sketch enclosed

2. Lubricant

2.1 Type: Designation

2.2 Normal lubricant temperature: °C min: °C max:

°C

2.3 Temperature cycle:

2.4 Lubricant volume (oil level):

2.5 Internal pressure: MPa

2.6 Pressure cycle:

3. Deviations of position and form

3.1 Deviation of coaxiality of shaft/housing bore:

3.2 Shaft runout:

4. External conditions

4.1 External pressure: MPa

4.2 Ambient temperature: °C min: °C max:

°C

4.3 Medium to be excluded (e.g. dust, mud, water etc.):

46
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5. Shaft

5.1  Diameter (dj): min: mm max: mm

5.2  Material:

5.3  Type of surface: Hardness:

5.4  Surface roughness: Ra pm R; pum Rmax. pum

5.5  Chamfer/transition:

5.6  Shaft rotation (where applicable): Speed: r/min  min: r/min  max: r/min
Direction of rotation: O clockwise O anti-clockwise O alternating
Oscillation: Angle of oscillation ~ degrees  Frequency r/min

6. Housing

6.1  Bore diameter (dy): min: mm max: mm

6.2  Depth of bore (width): min: mm max: mm

6.3  Material:

6.4  Surface roughness: Ra um Rz um Rmax. um

6.5  Chamfer/transition:

6.6  Housing rotation (where applicable): Speed: r/min  min: r/min  max: r/min

Direction of rotation: O clockwise O anti-clockwise O alternating
Oscillation: Angle of oscillation ~ degrees  Frequency r/min
7. Seal
7.1  Design/type:
7.2 Material: Shell/outside diameter: Seal lip:

7.3 Additional requirements:

O Bore-Tite O Shaft wear sleeve

8. Quantity

8.1  Once only:

O Number of seals:

8.2  Continuous:

O Number of seals per annum:

8.3  Supply date:

8.4  Other information:
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- Small diameter seals (SDS)
- Large diameter seals (LDS)
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Radial shaft seals

General

Radial shaft seals are used between rotating
and non-rotating machine components (fig
35).

They are made up of

O a cylindrical outer covering of sheet steel
(shell) or elastomer which seals statically
against the housing bore and enables the
requisite interference fit of the seal in the
housing bore to be obtained as well as
facilitating proper installation,

O the sealing lip of elastomer which provides

dynamic and static sealing against the
shaft. The lip has a sealing edge, which is
formed by pressing, cutting or grinding and
is normally pressed against the counter-
surface on the shaft with a defined radial
force by a garter spring. The edge of the
sealing lip and the shaft counter surface
form the most important functional area of
a radial shaft seal. The sealing effect of the
lip can be enhanced by providing the con-
tact area of the lip with hydrodynamic aids
which may be designed for single direction
operation, or for alternating directions of
shaft rotation.

Fig 35
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An additional sealing lip may also be provided
to protect the sealing contact proper from dust
and other fine solid contaminants. A suitable
lubricant in the space between the primary
sealing lip and the secondary lip can reduce
wear and delay corrosion. Where hydrodynamic
aids have been provided it should be
remembered that a pressure deficit can be
produced in the space between primary and
secondary lips which will increase the radial
force. This situation can be avoided by
providing breathing holes in the secondary lip.
It should also be remembered that
contaminants which have penetrated past the
secondary lip will eventually cause damage in
the counter surface region.

A build-up of heat can also occur between
the two lips which promotes premature wear.
Radial shaft seals are used throughout
industry in a multitude of applications.
Because of the importance of radial shaft seals
for the operational reliability and service life of
machines and equipment, both seal
manufacturers and users are equally interested
in some degree of standardization. This has led
to the establishment of the national and
international standards and recommendations
listed in (Table 2, page 55). These cover
boundary dimensions, tolerances, material
specifications and test methods and the
terminology shown in (fig 37) and (fig 38) as
well as the six most common radial shaft seal
forms as shown in (fig 36).

It should be noted that the terminology
found in SKF publications and used here differs
in some instances from the ISO standard. The
terms used by SKF and in this catalogue which
differ from ISO are given in bold type after the
relevant ISO term in fig 36 and 37.
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Type 3

Type 6

Fig 36
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| Metal clad seal with spring-loaded lip (ISO = metal cased rotary shaft lip seal); ISO terminology

Outside surface/Outside di Case/Shell

Front chamfer Back chamfer

Front face

Back face

Garter spring

Flex section/Hinge

Spring retaining lip

Heel

Spring groove

Lip back face

Lip front face
I .
Lip i ! Sealing edge
i
"
" . . -
: - Relative spring position
i
i
Front side 1 Back side
T
Fig 37

Rubber outside diameter shaft seal with spring-loaded lip and secondary lip
(ISO = rubber covered rotary shaft lip seal); ISO terminology for parts not shown in fig 3

Case/Reinforcement

Protection lip back side

Protection lip/ Secondary (dust) lip

Protection lip front side

Lip/Primary sealing lip

Fig 38
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Table 2. Standards and other documents relating to radial shaft seals

Document ¥

Title

1SO 6194/1-1982
I1SO 6194/2-1991
1SO 6194/21-1988
I1SO 6194/4-1988
1SO 6194/5-1990

SAE J946-1980
RMA 0S-4,1984
RMA 0S-7,1982
RMA 08-8,1977

DIN 3760
DIN 3761

Rotary shaft lip type seals — Nominal dimensions and tolerances
Rotary shaft lip type seals — Vocabulary

Rotary shaft lip type seals — Storage, handling and installation
Rotary shaft lip type seals — Performance test procedures
Rotary shaft lip type seals — Identification of visual imperfections

Application guide to radial lip seals

Application guide for radial lip type shaft seals
Storage and handling guide for radial lip type shaft seals
Visual variations guide for rotating shaft seals

Radial-Wellendichtringe (Radial shaft seals)

Radial-Wellendichtringe fiir Kraftfahrzeuge (Radial shaft seals for motor vehicles),

Parts 1 to 15. This standard covers all aspects including vocabulary, material requirements
and test methods.

YRMA = Rubber Manufacturers Association
SAE = Society of Automotive Engineers
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Fig 39
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SKF radial shaft seals are produced in different
designs, variants and sizes. The designs differ
in the form and execution of the outside
diameter and the sealing lip.

Outside diameter design

The standard range of small radial shaft seals
produced by SKF covers five different outside
diameter executions. These are Types 1, 2 and
3 t0 ISO 6194/1 (Forms A, B and C to DIN
3760 and DIN 3761, Part 2) (fig 39).

Radial shaft seals with an elastomeric
outside diameter, Type 1 and Type 4 (Forms A
and AS) have a particularly wide range of
application. They allow a tight fit in the housing
bore when the housing material has a higher
coefficient of thermal expansion than steel
and/or when the housing is split. They are also
recommended in all cases where the requisite
tolerances for the housing bore, e.g. for the
surface roughness, cannot be achieved.

Radial shaft seals with metallic outside
diameter (shell), Type 2 (Form B), are
multipurpose seals which can be used for most
applications. They are relatively easy to install
and, provided housing bore meets the accuracy
regirements, they will fit tightly and centrically
in the bore.

The radial shaft seals with metallic shell and
secondary reinforcement in the side face, Type
3 (Form C), offer advantages where operating
conditions are difficult and/or rough. They have
higher radial stiffness than Type 2 and are
available for shaft diameters of approximately
50 mm and above.

As the static sealing effect between the
metallic shell and the housing bore is
somewhat limited, particularly against thin
fluids and media which can “creep”, most SKF
seals with metallic shell are coated with “Bore-
Tite”, a water-based paint-like sealant, see
page 26.

Besides the three standardized designs
already described, SKF also produces large
seals, where the outside diameter is specially
designed to meet the requirements for large
diameter applications. See page 198.
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Garter springs
SKF radial shaft seals have garter springs
made of drawn carbon steel or stainless steel
(X 3 CrNiN 17 8, Material No. 1.4319;
SAE 30302) spring wire.

The carbon steel springs are standard. In
cases where a seal has a non-standard garter
spring, this is noted in the product tables.

Bore-Tite coating

Bore-Tite is a water-based polyacrylate
material and is used as a coating on the seal
steel outside diameter of part of the CR radial
shaft seal range. Bore-Tite is green in colour,
does not harden and serves to fill slight
irregularities in the housing bore. For further
details see page 26.

Dimensions

SKF radial shaft seals are produced in a very
wide range of dimensional variants for shaft
sizes in the range 5 to 4.600 mm (1/4 to
180 inch). The range also includes standard
sizes according to 1ISO 6194/1:1982 and

DIN 3760:1996 (shaft diameter range 6 to
500 mm incl.)

In the diameter range 1/2 to 6 inch the
inch size radial shaft seals conform to
recommendations laid down in SAE J946.
The dimensions of the larger seals are not
covered by any ISO, DIN or SAE standards.
However, the dimensions of the large seals
shown are generally accepted.
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Tolerances

SKF radial shaft seals are manufactured with
the outside diameter tolerances given in Table
3 for metric seals and Table 4, page 58 for
inch-size seals. These correspond, where
standardised, to the values given in

ISO 6194/1:1982 and DIN 3760:1996 and
SAE J946.

The width tolerances correspond to

ISO 6194/1:1982 and SAE J946.

Metric sizes:

Seal width Tolerance

b <10 mm +0,3 mm
b>10 mm +0,4 mm

Inch sizes:

Seal width Tolerance

b < 0,400 inch +0,015 inch

b > 0,400 inch +0,020 inch
Symbols:

do nominal outside diameter
Adom mean outside diameter deviation:

arithmetical difference between the
mean outside diameter and the
nominal

Vdas outside diameter variation
(roundness tolerance): arithmetical
difference between the largest and
smallest single outside diameters
measured at three or more points
equally spaced around the circum-
ference
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Table 3. Outside diameter tolerances for metric seals

Outside Seals with outside
diameter diameter of steel elastomer
d2 Adom Vdzs Agom Vdzs
over incl. high low max high low max
mm mm mm

50 +0,20 +0,08 0,18 +0,30 +0,15 0,25
50 80 +0,23 +0,09 0,25 +0,35 +0,20 0,35
80 120 +0,25 +0,10 0,30 +0,35 +0,20 0,50
120 180 +0,28 +0,12 0,40 +0,45 +0,25 0,65
180 300 +0,35 +0,15 0,0025 d +0,45 +0,25 0,80
300 500 +0,45 +0,20 0,0025 d, +0,55 +0,30 1
500 630 +0,50 +0,22 0,0025 d, - - -
630 800 +0,50 +0,24 0,0025 d - - -
800 1.000 +0,55 +0,25 0,0025 d - -
1.000 1.250 +0,60 +0,27 0,0025 d - - -
1.250 1.600 +0,65 +0,30 0,0025 d, - - -
Table 4. Outside diameter tolerances for inch size seals
Outside Seals with outside
diameter diameter of steel elastomer
dz2 Ddom Vazs Ddom Vdzs
over incl. high low max high low max
in in in

2 +0,007 +0,003 0,005 +0,011 +0,005 0,010
2 3 +0,008 +0,003 0,006 +0,013 +0,007 0,014
3 5 +0,009 +0,003 0,007 +0,013 +0,007 0,020
5 7 +0,010 +0,004 0,012 +0,016 +0,008 0,025
7 12 +0,012 +0,005 0,015 +0,016 +0,008 0,025
12 20 +0,016 +0,006 0,002 d, - - -
20 40 +0,016 +0,006 0002 d, - - -
40 60 +0,018 +0,006 0,002 d, - - -
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Sealing lip design

The form and design of the sealing lips are
based on knowledge gained through research
and development activities as well as very wide
practical experience obtained by SKF in close
cooperation with users. The distance between
the lip and the seal back face, the strength of
the flex section, the angle of the lip (fig 37,
page 54) and the tension in the spring are
chosen so that the pressure distribution in the
sealing lip/counter surface contact required for
satisfactory sealing can be established.

The sealing lips of SKF radial shaft seals are
produced in several materials and two different
designs. The various materials are described
on page 27. The two designs differ in the
execution of the seal lip edge. The “conven-
tional” sealing lip (fig 40), has a straight edge
whereas the edge of the SKF Waveseal design
(fig 41), has a special hydrodynamic form so
that the lip describes a sinusoidal path on its
counter surface.

The Waveseal design from SKF represents one
of the most important developments in radial
shaft seals. The sealing lip is pressed and its
special form produces a relative movement of
the sealing lip on the counterface, imparting
hydrodynamic properties. Waveseals are
suitable for both directions of rotation; they
pump the lubricant back into the bearing
arrangement and expel contaminants. The
sinusoidal form of the sealing lip considerably
extends the path (fig 41) on the counter
surface and at the same time reduces the
specific surface pressure in the sealing
lip/counter surface contact.

akF

oil side

air side

Fig 40. Conventional sealing lip with straight edge

oil side

air side

Fig 41. SKF Waveseal lip with sinusoidal edge
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Temperature rise, °C
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Diagram 4. Temperature rise at sealing lip/counterface
contact for conventional and Waveseal lips as a function
of rotational speed for a 76 mm diameter shaft with SAE

30 engine oil
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el £
0,2
0

1000 2000 3000 4000 5000  Speed, r/min

Diagram 5. Frictional moment at sealing lip/counterface
contact for conventional and Waveseal lips as a function
of rotational speed for a 76 mm diameter shaft with

SAE 30 engine oil
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As a consequence, Waveseals produce up to
20% less friction and up to 30% lower
temperatures than conventional seals; see also
Diagram & and Diagram 5. These advantages
prevent the formation of deep tracks in the
counter surface and provide much longer
service lives.

Waveseals are available for shaft diameters
of 6 to 310 mm. Their use is specially
recommended where demands for operational
reliability and long service life for machines
and equipment are high.

SKF seals with conventional spring-loaded
lip meet normal demands and provide efficient
sealing even under unfavorable operating
conditions.

To strengthen the sealing effect, some SKF
radial shaft seals are provided with hydrody-
namic aids on the contact surface of the
sealing lip. These have either a right-hand
twist for a clockwise direction of rotation of the
shaft, or a left-hand twist for anti-clockwise
shaft rotation, seen from the lip contact. The
degree of improvement depends not only on
the form of the spiral flutes but also on the
circumferential speed, the pressure conditions
and the media being sealed.

Secondary (dust) lips

SKF radial shaft seals with conventional and
Waveseal lips can also be supplied as standard
with an additional lip as shown in fig 38,
page 54. On Waveseals, the secondary lip
forms a narrow gap to the counter surface and
there is practically no contact. Because of this,
the seals can be operated at the same speeds
as single-lip radial shaft seals without causing
higher temperatures; they provide enhanced
sealing.
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Coaxiality and runout

The deviation from coaxiality and the runout
of the shaft are two of many operating
parameters which affect seal performance and
life. They should therefore be kept within
narrow limits, particularly at sealing positions
where there is a pressure differential across
the seal. The total deviation should never
exceed 1,3 times the value of the permissible
deviation from coaxiality.

Coaxiality

Deviations from coaxiality, i.e. the difference
between the center lines of the shaft and
housing bore, cause force to be irregularly
distributed on the sealing lip (fig 42). This
means that one section of the sealing lip will
be subjected to more force, causing an
enlargement of the contact between lip and
counter surface, whereas the opposite section
will be correspondingly unloaded and its
sealing effect reduced. Guideline values for the
permissible coaxiality deviations for SKF seals
can be obtained from Diagram 6, page 62.
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Fig 42. Coaxiality
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Coaxiality deviation, mm Shaft diameter, mm
0 200 600 1000 1400 1800 2200 2600 4570
15 /
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Diagram 6. Maximum permissible deviation from coaxiality as a function of shaft diameter
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Runout

Runout describes the dynamic eccentricity of
the shaft. Particularly at high speeds, there is
a danger that the sealing lip, because of its
inertia, will not be able to follow the shaft
counter surface (fig 43). If the eccentricity is
such that the distance between sealing lip and
shaft becomes larger than that required to
maintain a hydrodynamic lubricant film, the
medium being sealed will escape through the
gap. It is therefore advisable to arrange the
seal in close proximity to the bearing and to
keep bearing play at a minimum. Permissible
runout values can be obtained from Diagram
7, page 64. These values are reduced for
narrow seals but may be increased by choosing
suitable elastomers and appropriate design
measures.

NNNNNN
@

\
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Fig 43. Runout
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Runout, mm
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Diagram 7. Maximum permissible runout as a function of rotational speed
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Axial movement

Small movements of the shaft with respect to
the housing in the axial direction do not affect
seal performance, provided that the total
counter surface meets the same demands in
respect of hardness, accuracy and surface
finish.

Permissible speed

Guideline values for the permissible rotational
and circumferential speeds for the different
seal designs will be found in the section
“Overview of SKF radial shaft seals”. If the
circumferential speeds given in the overview
are not sufficient for a particular sealing
position, Diagram 8 on page 66 may be used.
The diagram gives circumferential and
rotational speeds related to the material of the
sealing lip. The values are valid for spring-
loaded lips which are well lubricated by a
mineral oil, where adequate lubricant supply
ensures that heat does not build up and where
the pressure is the same on both sides of the
seal (pressure differential = 0). In case of
doubt, e.g. when the circumferential speed of
the sealing lip is relatively high and there is no
experience available in house, it is advisable to
consult SKF.
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It will be seen from Diagram 8 that higher
circumferential speeds are permitted for large-
diameter shafts than for shafts with smaller
diameters. This is because the cross section of
the shaft does not increase linearly with the
increase in diameter but by the square of the
increase in diameter, so that the heat removal
capacity of a large shaft is much better than
that of a small shaft.

Generally, SKF Waveseals can be operated at
higher circumferential speeds than those
obtained from Diagram 8 because of the
hydrodynamic form of the lip.

The values obtained from Diagram 8 should
be reduced if

O radial shaft seals with a secondary,
contacting lip are used,

O lubrication is poor or grease lubrication is
used, i.e. when there is little cooling of the
sealing lip and poor heat transfer,

O the counterface does not meet the demands
in respect of surface finish or running accu-
racy,

O there is a pressure differential across the
seal.
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Circumferential speed, m/s Rotational speed, r/min
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Diagram 8. Permissible speeds for spring-loaded seal lips where no pressure differential exists across seal in operation
For permissible speeds for large diameter seals (shaft diameter >200 mm/8 inch) see seal selection chart starting on page 100.
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Lubrication

In order for a radial shaft seal to be able to
seal efficiently over a long period it is
necessary to lubricate the sealing lip. This
prevents actual lip counter surface contact and
reduces friction as well as wear to the lip and
counter surface. Dry running of sealing lips
made of standard materials should be avoided
at all costs. Because of this, the counter
surface should be coated with a suitable
lubricant when the seal is being installed, so
that the sealing lip is lubricated right from the
beginning.

The medium being sealed is not only
intended to lubricate the seal but also
transport the heat generated by friction in the
lip/counter surface contact. Thus, the medium
must be able to reach the sealing lip in
sufficient quantities from the very beginning.

In applications where the seal has to retain
oil or grease, lip lubrication is not normally a
problem. Some rolling bearings, e.g. angular
contact ball bearings, taper roller bearings and
spherical roller thrust bearings, as well as
gears, have a pumping action by virtue of their
design. This means that the sealing lip can
either be starved of lubricant or be subjected
to excessive quantities of lubricant. In both
cases steps need to be taken at the design
stage in order to ensure that lubricant actually
reaches the contact, or that excess quantities
are removed.
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Where lubricant starvation has to be pre-
vented, lubrication ducts can be provided.
Where there is too much lubricant, a flinger
can be installed between bearing and seal.

When lubricants are not being sealed,
grease or oil must be supplied separately so
that the lip can be lubricated. In exceptional
cases and where seals with a secondary (dust)
lip or two sealing lips are used it may be
sufficient to provide an initial fill of grease
between the two lips.

Lubrication of paired arrangements

If two radial shaft seals are to be mounted in
a common housing bore either in tandem or in
a back-to-back arrangement, care must be
taken to see that neither of the sealing lips can
run dry at any time. To eliminate any risk of
dry running, the free space between the seals
or sealing lips should be filled with a suitable
lubricating grease.

To guarantee lubricant supply to the sealing
lips in operation and to prevent dry running,
the use of a spacer ring between the two seals
is recommended. This ring should be provided
with lubrication holes or an annular groove
and lubrication holes (fig 44), so that grease
can be supplied to the space between the
sealing lips, e.g. via a grease nipple.

Fig 44
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Friction

The lip of a radial shaft seal must always exert
a certain pressure on the counterface if
efficient sealing is to be obtained. The friction
resulting from this lip pressure is only part of
the total friction in the contact and thus of the
total power loss at the sealing position. The
other contributing factors include

O the type of medium being sealed,

O the pressure differential across the seal,
O the circumferential speed,

O the surrounding temperature,

O the lubrication and

O the condition of the counterface.

Diagram 9 gives an indication of the frictional
losses which may be expected when a radial
shaft seal with conventional sealing lip is
properly installed and fully lubricated.

During the running-in phase for the sealing
lip, which lasts a few hours, the frictional
losses are somewhat higher.

For the seals intended for high pressure
differentials, the losses are generally higher
than shown in the diagram. For Waveseal
designs, on the other hand, the losses are
generally lower than indicated.

~

Frictional loss, W Rotational speed, r/min
5000 4000 3000
600 /
500
400 / 2000
300
200 /
/
/ / 1000
100 /// /
% / / / / 500
oéé///
10 20 40 60 80 100 120 140
Shaft diameter, mm

Diagram 9. Frictional losses of radial shaft seals as a function of rotational speed and shaft diameter
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Chemical and thermal resistance
The most important factor when selecting the
appropriate elastomer for a radial shaft seal is
its chemical resistance to the medium to be
sealed or excluded. The operating temperature
is another important factor. Heat accelerates
ageing of the elastomer and increases the
reactivity and aggressiveness of the sealed
medium.

As radial shaft seals are mainly used to seal

O lubricating oils and greases,
O hydraulic fluids (including
non-flammable fluids)

as well as a few other media, guideline values
are given in Table 5, page 70 for the
permissible operating temperatures, i.e.
temperatures at which the SKF seals are still
chemically resistant. The temperature range
quoted for a group of media means that the
sealing material is resistant when continuously
operated within this particular range.
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The 0 means that, within the group of media,
there are some which are compatible with the
elastomer, but also some which have a
detrimental effect on the elastomer.

The m means that the seal material is not
resistant to media belonging to this group.

At the lower temperature limit quoted the
basic material will not be destroyed and will be
fully operational when the temperature is
increased again.

For the resistance of seal materials to media
not given in Table 5, reference should be made
to the section “Chemical resistance” or
information will be supplied on request.
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Table 5. Chemical and thermal resistance, radial shaft seals lip materials

Medium to be sealed

Permissible operating temperatures (continuous)

for SKF radial shaft seal lip materials®

R P s? v
(NBR) (ACM) (MVQ) (FPM)

- °C
Mineral oil based lubricants
Motor oils 100 130 150 170
Gear oils 80 120 130 150
Hypoid gear oils 80 120 a 150
Automatic transmission fluids (ATF oils) 100 130 m] 170
Greases 90 o [m] [m]
Hydraulic fluids 90 120 [m] 150
Fire resistant hydraulic fluids
Oil in water emulsions and aqueous 70 a 60 [m]
polymer solutions
Anhydrous fluids a a a 150
Other media
Fuel oils EL and L 90 m} [ [m]
Water 90 | [ ] 100
Alkaline washing solutions 90 a a 1.100
Permissible temperature range
for seal lip min: -30 -40 -60 -40

max: +100 +150 +160 +200

1) R = nitrile rubber
P = polyacrylate elastomer
S = silicone rubber
V = fluoro rubber

2) Silicone rubber seals can only be used when oxygen can reach the sealing position

@ Lip material not resistant

O Lip material not resistant to some media in this group
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Seals under pressure

Where a pressure is exerted on the seal, the
lip will be pressed harder against the counter
surface and the actual contact will be enlarged,
so that friction and temperature in the contact
will increase.

Therefore, the guideline values for speeds
obtained from Diagram 5 do not apply.

Guideline values for seals under pressure
can be obtained from Table 6. The values are
for solid shafts, good heat removal via the
medium being retained, and where the
counterface meets the demands regarding
surface finish and running accuracy.

SKF radial shaft seals of the CRW5 and
CRWAS designs can withstand differential
pressures of 0,6 MPa (fig 46).

Where there is a pressure differential across
the seal, a shoulder, spacer ring or retaining
ring should be used at the low pressure side of
the seal to prevent it from being pressed out of
the housing bore (fig 45).

An additional steel shell (fig 47) which
supports the sealing lip makes it possible to
use other radial shaft seals under pressure.
This solution is rather expensive but can be
appropriate where there is no suitable
pressure seal available, or where quantities are
not sufficient for cost effective production.

Fig 45

Fig 46

Table 6. Permissible speeds for seals under pressure

Pressure Shaft speed Circumferential speed
differential

max permissible max

MPa r/min m/s

0,02 3.000 5,6
0,035 2.000 3,2
0,05 1.000 2,8
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Fig 47
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Shaft requirements - small diameter seals (SDS)

General
To achieve reliable sealing and sufficiently long
. service life, the counterface for small radial
/ e shaft seals on the shaft should meet the
7 requirements outlined in the following. The
counterface is considered to be the extent of
the surface of a shaft, or sleeve mounted on a
shaft, over which the edge of the sealing lip
can run, taking into account all permissible
deviations and movements — surface SL, see
& Table 7, as well as an additional surface SL'
which may be required in the case of repairs or

7 inspection.

Tolerances

The diameter of the shaft d1 at the
counterface should be machined to the
tolerances given in Table 8 for metric seals
w i and in Table 9 for inch size seals.

[st_st] If components which are to be mounted with
an interference fit are to be passed over the
7 counterface the shaft diameter should be

reduced by 0,2 mm. The seal which was
l originally chosen can still be used without its
sealing properties being impaired.

Table 7. Counterface for small diameter radial shaft seals

, Surface roughness
‘ The surface roughness to ISO 4288-1985 of
L ﬂi the counterface for radial shaft seals should be
e;=5SL kept within the following limits:

Ra 0,2 to 0,63 pm
R, 0,810 2,5 um

Seal width Counterface 1)

b e e e3 es Rmax 6,3 um
min min

mm mm The lower values for R4 and R; are minimum
values as otherwise lubricant supply to the

7-7.938 35 6.1 15 7.6 sealing lip will be affected. The temperature

8 35 68 15 83 rise caused by inadequate lubrication,

9,525-10 | 45 8,5 2 10,5 ; O ;

111212 | 5 10 5 > particularly at high circumferential speeds,

127 5 11 2 13 would lead to hardening and cracking of the lip

14,288-15 | 6 12 3 15 and thus to premature seal failure. If the

20 9 165 3 195 surfaces are too rough there will be excessive
seal lip wear and seal life will be shortened. If

1) SL'~ washer width the value Rmay is exceeded leakage may occur.
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Table 8. Counterface tolerances for metric seals

Shaft diameter Diameter tolerance (h 11) Circularity tolerance (IT 8)
Nominal Deviation Deviation
dg
over incl. high low max
mm pm pum
6 10 0 - 90 22
10 18 0 -110 27
18 30 0 -130 33
30 50 0 -160 39
50 80 0 -190 46
80 120 0 -220 54
120 180 0 -250 63
180 250 0 -290 72
Table 9. Counterface tolerances for inch size seals
Shaft diameter Diameter tolerance Circularity tolerance
Nominal Deviation
di
over incl. high low max
in in in
4 +0,003 -0,003 0,002
4 6 +0,004 -0,004 0,002
6 10 +0,005 -0,005 0,003

Surface finish

It is also important that the machining
operation does not leave any directionality
behind on the counter surface, as this could
lead to leakage by pumping action, depending
on the direction of rotation. A suitable surface
can be achieved by plunge grinding; whole
number ratios of the grinding wheel speed to
the work piece speed should be avoided. The
grinding wheel should be dressed using a
cluster head dressing tool and the smallest
possible lateral feed, or a profile dressing roll
without lateral feed. The negative influence of

akF

directionality in any particular case can only be
ascertained by test running under conditions of
alternating rotation.

The counter surface should be free of any
damage such as bruises, scratches, cracks, rust
or raised sections. It is therefore important
that it not only be carefully machined but also
that it be properly protected until final
mounting takes place. Such protection can, for
instance, be provided by threading a cardboard
tube over the counter surface, or preferably
over the whole shaft.
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Hardness and surface treatment

The surface hardness of the counter surface
should normally be at least 55 HRC to EN
10109-1 (1995) or 600 HV and the hardened
depth should be at least 0,3 mm. Under
certain conditions, e.g. where speeds are low,
lubrication good and contamination absent,
counter surfaces having a lower hardness than
55 HRC may be suitable. Surfaces which are
nitrided, phosphated or have a galvanised layer
may also be suitable in special cases, but this
must be determined for each specific case.

In case the counter surface cannot meet the
demands outlined above, the use of a Speedi-
Sleeve is recommended. These wear sleeves
are made of stainless steel, have a surface
hardness of 95 HRB and a surface roughness
of 0,25 to 0,5 Ry pum. Because they are
extremely thin walled, the seal chosen for the
nominal shaft diameter can still be used.
Detailed information on the Speedi-Sleeve will
be found in the section “Wear sleeves”.
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Lead-in chamfers
In order to be able to install radial shaft seals
without damaging the seal lip it is recom-
mended that the shaft ends or shoulders
should be chamfered or rounded, see Table 10.
If the direction of installation is according to
Z the values given in Table 10 should be kept
to. If the direction of installation is Y then the
shaft end may be either rounded or chamfered.
If seals are to be installed over shaft
shoulders or ends which have not been
rounded or chamfered it is recommended that
a mounting sleeve be used; see section
“Mounting”.
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Table 10. Lead-in chamfers and radii

" AN /);0 .
41 ‘ I_ﬁls-ao"f
dih11 dg
| Y 7 l
Shaft diameter Diameter Radii
Deviation Difference 1) Seal without Seal with
Nominal dust lip dust lip
d di—d3z min R min R min
over incl.
mm mm mm
10 15 06 1
10 20 2 0,6 1
20 30 25 06 1
30 40 3 06 1
40 50 35 0,6 1
50 70 4 06 1
70 95 45 06 1
95 130 55 1 2
130 240 7 1 2

1) If the corner is blended rather than chamfered, the blended section should not be smaller

than the difference in diameters d;-ds

akF
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Shaft requirements, large diameter seals (LDS)

General

To achieve reliable sealing and sufficiently long
service life, the counterface for large size radial
shaft seals on the shaft should meet the re-
quirements outlined in the following. The
counterface is considered to be the extent of
the surface of a shaft, or sleeve mounted on a
shaft, over which the edge of the sealing lip
can run, taking into account all permissible
deviations and movements — surface SL,
(Table 11), as well as an additional surface SL
which may be required in the case of repairs or
inspection.

Tolerances

The diameter of the shaft d; at the
counterface should be machined to the
tolerances given in Table 12 and Table 13,
page 78.

If components, which are to be mounted
with an interference fit, are to be passed over
the counterface the shaft diameter should be
reduced by 0,2 mm. The seal which was
originally chosen can still be used without its
sealing properties being impaired.

Table 11.

iy
A

1) SL'~ washer width

Seal width Counterfacel)
b €1 €2 e3 e4
from incl. min min
mm mm
7 7,938 35 6,1 15 7.6
- 8 35 6,8 15 8,3
9,525 10 45 8,5 2 10,5
11,112 12 5 10 2 12
- 12,7 5 11 2 13
14,288 15 6 12 3 15
20 - 9 16,5 3 19,5
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Surface roughness

The surface roughness to ISO 4288 (DIN
4768) of the counterface for radial shaft seals
should be kept within the following limits:

Ra  0,2t0 0,8 um
R; 1to4 um
Rmax 6,3 pm

The lower values for R4 and R; are minimum
values as otherwise lubricant supply to the
sealing lip will be affected. The temperature
rise caused by inadequate lubrication,

particularly at high circumferential speeds,
would lead to hardening and cracking of the lip
and thus to premature seal failure. If the
surfaces are too rough there will be excessive
seal lip wear and seal life will be shortened. If
the value Riax is exceeded leakage may occur.

Surface finish

It is also important that the machining
operation does not leave any directionality
behind on the counterface, as this could lead
to leakage by pumping action, depending on
the direction of rotation. A suitable surface can

Table 12. Counterface tolerances for large diameter radial shaft seals, metric sizes
Shaft diameter Diameter tolerance (h11) Circularity tolerance (IT8)
Nominal Deviation Deviation
dp
over incl. high low max
mm pm um

180 250 0 -290 72

250 315 0 -320 81

315 400 0 -360 89

400 500 0 -400 97

500 630 0 -440 110

630 800 0 -500 125

800 1000 0 -560 140
1000 1250 0 -660 165
1250 1600 0 -780 195
1600 2000 0 -920 230
2000 2500 0 -1100 280
2500 3150 0 -1350 330
3150 4000 0 -1650 410
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be achieved by plunge grinding; whole number
ratios of the grinding wheel speed to the
workpiece speed should be avoided. The
grinding wheel should be dressed using a
cluster head dressing tool and the smallest
possible lateral feed, or a profile dressing roll
without lateral feed. The negative influence of
directionality in any particular case can only be
ascertained by test running under conditions of
alternating rotation.

The counterface should be free of any
damage such as bruises, scratches, cracks, rust
or raised sections. It is therefore important
that it be properly protected until final
mounting takes place. Such protection can, for
instance, be provided by threading a cardboard
tube over the counterface, or preferably over
the whole shaft.

Hardness and surface treatment

The surface hardness of the counterface
should normally be at least 55 HRC or 600 HV
and the hardened depth should be at least 0,3
mm. Under certain conditions, e.g. where
speeds are low, lubrication good and
contamination absent, counterfaces having a
lower hardness than 55 HRC may be suitable.
Surfaces which are nitrided, phosphated or
have a galvanised layer may also be suitable in
special cases, but this must be determined for
each specific case.

Table 13. Counterface tolerances for inch size seals

Shaft diameter Diameter tolerance (h11) Circularity tolerance (IT8)
Nominal Deviation Deviation

di

over incl. high low max

in in in

- 4 +0.003 -0.003 0.002

4 6 +0.004 -0.004 0.002

6 10 +0.005 -0.005 0.003
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Lead-in chamfers
In order to be able to install radial shaft seals
without damaging the seal lip it is recom-
mended that the shaft ends or shoulders
should be chamfered or rounded (Table 14).
If the direction of installation is according to Z
the values given in Table 14 should be kept to.
If the direction of installation is Y then the
shaft end may be either rounded or chamfered.
If seals are to be installed over shaft
shoulders or ends which have not been
rounded or chamfered it is recommended that
a mounting sleeve be used. For further
information, please contact our technical
department.

Table 14. Lead-in chamfers and radii

R

-0,1
? 915-30"‘
dipa dy
| z |

Shaft diameter Diameter difference* Radii

Nominal seal without dust lip seal with dust lip
dy di-d3 R R

over incl. min min

mm mm

130 240 7 1 2

240 500 11 2 3

500 13 5 5

Y If the corner is blended rather than chamfered, the blended section should not be smaller
than the difference in diameters d1 — d3
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Housing bore requirements, small diameter seals (SDS)

General

The following requirements are designed to
guarantee the requisite interference fit for the
seal, the necessary static sealing and proper
installation.

Tolerances

The bore diameter dy in the housing should be
machined to tolerance H8, see Table 15. The
circularity (out-of-round) should be 1 to 2
tolerance grades better than H8, depending on
the conditions.

Surface finish

The surface roughness (to ISO 4288-1985 or
DIN 4768-1990) of the housing bore should
be kept within the limits specified below. These
limits apply for radial shaft seals with an
elastomeric outside diameter, or a metal case
coated with Bore-Tite, as well as the HS seals
made of elastomer.

Ra 1,6 to 6,3 pm
R; 10 to 25 um
Rmax 25 pm

For seals with a steel shell without Bore-Tite
or similar coating, the limits are

Ra 0,8 to 3,2 um
R, 6,3 to 10 um
10 pm

Rmax

80

Housing bores for seals with steel shells

To ensure that the seal can be installed
without damaging it, the housing bore should
have a 5 to 10° lead-in chamfers. The
transition should be free from burrs and the
transition R between the seal seating and the
shoulder should be in accordance with the
recommendations in Table 15. The depth of
the housing bore t2 should be at least 0,3 mm
greater than the seal width. The cylindrical
section of the bore should have a width t1
which is at least 0,85 b.

Recesses in the housing shoulder, which
must be considered at the design stage,
considerably facilitate removal of a seal from
the housing bore, see fig a in Table 15.
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Table 15. Housing bore tolerances

5-10° ]Q

tz

4

c'2H8

>

Housing bore for metric seals

Housing bore for inch size seals

Nominal Housing bore Fillet Nominal Housing bore Chamfer
diameter (ISO tolerance H8) radii diameter (ISO tolerance H8)
do Deviation R do Deviation R
over incl. high low max over incl. high low max
mm pm mm in in in
10 18 +27 0 03 3 +0,001 -0,001 | 1/32
18 30 +33 0 03 3 6 +0,0015 -0,0015 | 1/32
30 50 +39 0 03 6 10 +0,002 -0,002 | 1/32
50 80 +46 0 04 10 20 +0,002 -0,004 | 1/32
80 120 +54 0 08
120 180 +63 0 0.8
180 250 +72 0 08
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Housing bore requirements, large diameter seals (LDS)

General

The following requirements are designed to
guarantee the requisite interference fit for the
seal, the necessary static sealing and proper
installation.

Housing bores for seals with steel shells
To ensure that the seal can be installed
without damaging it, the housing bore should
have a 5 to 10° lead-in chamfer. The transition
should be free from burrs and the transition
between the seal seating and the shoulder
should have a radius not exceeding 0,8 mm.
The depth of the housing bore (t2) should be
at least 0,3 mm greater than the nominal seal
width b. The cylindrical section (t1) of the bore
should have a width of at least 0,85 b, (fig 48).
Recesses in the housing shoulder, which
must be considered at the design stage,
considerably facilitate removal of a seal from
the housing bore, (fig 49).

Housing bores and end covers for HS and
HSF seals of elastomers

To ease installation and prevent damage to the
seals during mounting, the housing bore should
have a lead-in chamfer of 5 to 10°, fig 49. The
transition should be free of burrs and the
transition between seal seating and housing
shoulder should have a radius which does not
exceed R = 0,8 mm.
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In contrast to the other radial shaft seals the
non-split and split HS and HSF seals must be
axially clamped in the housing bore. This is
usually achieved by an end cover screwed to
the housing wall. The real width of the seal is
between 0,4 and 0,8 mm larger than the
nominal width of the seal housing groove (t2).
The axial clamping so achieved gives the HS
and HSF seal the requisite firm fit in the
housing and the correct form for efficient
sealing.

The actual seal outside diameter is
approximately 0,5 % to 2 % larger than the seal
housing bore.

The end cover should be sufficiently thick-
walled, depending on diameter and the axial
clamping distance, wall thicknesses of between
6 and 12 mm have been found appropriate.
The cover should be screwed to the machined
housing wall following the recommendations
given in fig 49. To provide additional protection
to the sealing lip against coarse contaminants
the inside diameter of the cover should be
some 6 to 8 mm larger than the shaft diameter
d1. There are no limits regarding the outside
diameter of the cover. To ease mounting and
any subsequent seal replacement, it is
recommended that the cover be made in two
halves and an even number of screws used.

The end face should be made plane parallel
and the machined housing wall should be at
right angles to the housing bore.
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A

5-10°

dLHS 0,8 mm A

HS/HSF other designs
t1 0,85b 0,85b
to b b+0,3

(b = nominal seal width)

Fig 48. Recommended dimensions for HS seals

F

P dp Dady

Inside diameter of cover:
Pitch circle diameter of screws:
No. of attachment screws: N =0,02P

Fig 49. Cover plate recommendations
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Tolerances

The bore diameter d3 in the housing should be
machined to tolerance H8 (Table 16). The
circularity (out-of-round) should be 1 to 2
tolerance grades better than H8, depending on
the conditions.

Surface finish

The surface roughness (to ISO 4288 or DIN
4768) of the housing bore should be kept
within the limits specified to the right. These
limits apply for radial shaft seals with an
elastomeric outside diameter, or a metal case
coated with Bore-Tite, as well as the HS seals
made of elastomer.

Ra 1,6 to 6,3 um
R, 10 to 25 pm
Rmax 25 pum

For seals with a steel shell without Bore-Tite
or similar coating, the limits are

Ra  0,8t0 3,2 um
R; 6,3t010 um
Rmax 10 pm

Table 16. Housing bore tolerances for large diameter seals

Housing bore for metric size seals Housing bore for inch size seals

Nominal Housing bore Chamfer Nominal Housing bore Chamfer

diameter (ISO tolerance H8) diameter

da Deviation R do Deviation R

over incl. high low max over incl. high low max

mm um mm in in in
180 250 +72 0 08 6 10 +0.002 -0.002 1/32
250 315 +81 0 0.8 10 20 +0.002 -0.004 1/32
315 400 +89 0 08 20 40 +0.002 -0.006 1/32
400 500 +97 0 0.8 40 60 +0.002 -0.010 1/32
500 630 +110 0 08
630 800 +125 0 0.8
800 1000 +140 0 08

1000 1250 +165 0 0.8

1250 1600 +195 0 08

1600 2000 +230 0 0.8

2000 2500 +280 0 08

2500 3150 +330 0 0.8

3150 4000 +410 0 08

4000 5000 +500 0 08
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Mounting, small diameter seals

General

If radial shaft seals are to perform well in
service they must be properly installed. This
calls for experience, suitable tools and also
cleanliness. The shaft counter surface and
housing bore should meet the demands
specified under “Shaft requirements” and
“Housing bore requirements” and they should
be clean.

To ease the installation of the seal in the
housing bore and to guarantee initial
lubrication it is recommended that the seal be
immersed in a suitable lubricant, which is
generally that which is to be retained by the
seal. If this is not the case then the sealing lip
and outside diameter of the seal should be
lightly greased.

Seals which have a secondary lip should also
be filled with grease between the primary and
secondary lips. Silicone rubber seals and seals
with hydrodynamic aids should not be treated
in this way.

Generally, a mechanical or hydraulic press
should be used with suitable tools to install the
seal in its housing bore. It should be remem-
bered that the pressure should be applied as
close as possible to the outside diameter of the
seal.

When pressing seals up against a shoulder
or retaining ring it is advisable to use tools of
the type shown in fig 50 and 51. The
necessary ring dimensions will be supplied on
request.

When the seal is to be flush with the wall of
the housing bore, this must be at right angels
to the housing bore axis and the outside diam-
eter of the tool should be larger than the
housing bore diameter (fig 52).
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When installing seals on stepped shafts where
the shoulders do not have the recommended
chamfer or rounded transition, a mounting
sleeve as shown in fig 53 must be used. If the
sealing lip has to pass over grooves, threads or
gearing, thin-walled mounting sleeves of the
type shown in fig 54 can be used to prevent
the lip from being damaged. The outside
surface of the sleeve should be coated with the
same lubricant as the seal and counter
surface.

Radial shaft seals made of silicone rubber
should always be installed using a mounting
sleeve.

When a seal is to be mounted at a certain
distance in a cylindrical opening in a housing,
the tools should be according to fig 55 and
fig 56. The dimensions needed for designing
the tools can be supplied on request.

|V
/[{ﬁi y

Fig 55
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Fig 56
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Mounting, large diameter seals

General
For the installation of large diameter metal or
rubber-covered seals such as the HDS designs,
first check the bore for proper specification and -z
condition. Second, coat both the seal and bore \gg g
lightly with lubricant (preferably the same !
lubricant as that to be retained by the seal). ! T 2 =
With large diameter seals the production of a 2 ‘Q
special mounting tool may not be practical. In &‘f
such cases, direct impacts on the seal case or
elements must be avoided when mounting as
this could damage the case or make the
sealing lip unserviceable. Therefore, if no
suitable press tool is available, the use of a L b
wooden block, long enough to span the seal ‘ |w| |
outer diameter, is recommended. It is
important, when using this method, that Fig 57
hammer blows are applied evenly and
sequentially to the wood piece around the seal
circumference, to prevent the seal from tilting
or skewing. SKF also recommends the use of a
dead blow hammer for full energy transfer
with less shock (fig 57).

In some applications, the hardware is
designed for two seals in tandem, or a seal
might have to be recessed further into the bore
depth. In those cases the seal is first set flush
with the housing using the method above. Then
a shorter piece of wood should be used to drive
it deeper into the bore utilizing a sequential
pattern (fig 58).

\ ™

|
L

Fig 58
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Different ways of mounting HS seals
HS seals are mounted in different ways

Type HS seal depending on which purpose they are
lubricant supposed to fulfil. The can e.g. either be

mounted to retain lubricants or to exclude
foreign materials (fig 59).

Type HS seal mount-
ed to exclude foreign
material

Type HS seals in tan-
dem arrangement for
maximum lubricant
retention

Fig 59. Ways of mounting HS seals
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Mounting split HS seals

Coat the HS seal and shaft counterface with a
lubricant, preferably the same as that to be
retained by the seal (A, fig 60, page 90).

Where appropriate, insert the spring in the
Spring-Lock groove and position the spring
connection, so that it is displaced with regard
to the seal joint (B).

Put the HS seal in the correct position on the
shaft. If necessary and if portable vulcanisation
equipment is available, use this to join the ends
of the HS seal, making sure that the ends are
accurately aligned (C).

Join the ends of the garter spring in two
different ways depending on the type of spring
connector (D):

Threaded spring connector

Turn the spring ends through approximately
three turns, one in the opposite direction to
the other. Insert the one end into the other
and, because they have already been turned,
the ends will screw into position. Further
tightening is possible if required, although the
connection will hold even if the thin section is
not completely screwed into the other end.

Hook-and-eye spring connector

Draw the ends of the spring together and
insert the hook into the eye, taking care not to
over-stretch the spring in the process, as this
might impair seal performance. Springs with
control wire connector: draw the ends of the
seal together and insert the control wire into
the other end of the spring.

Position the seal joint on the shaft so that it is

in the 12 o'clock position and push the joint
into the housing bore (E).

akF

Starting at the 3 and 9 o'clock positions, push
the rest of the seal into position (E), finishing
simultaneously at the 6 and 12 o'clock
positions. For shaft diameters of 1200 mm (47
in) and above it may be preferable to fix the
seal in the 12, 3, 6 and 9 o'clock positions
before pushing home the remaining sections of
the seal.

The seal in the housing bore is pushed until it
contacts the housing shoulder, e.g. using a
small block of wood.

Check the seal condition, particularly at the
joint.

Put the end cover in position on the housing
wall using the screws. Tighten the screws in
turns, tightening opposite screws together,
until the end cover abuts the housing wall (F
and G) .

Multiple seal installation

When mounting two split seals in one cavity,
the locations of the split joints should be
staggered 30° to 60°. This will minimize the
risk of leakage through the joint. The splits
should be located towards the top of the bore.
Grease the cavity between the seals to provide
lip lubrication for the outer seal.

89



Radial shaft seals

Fig 60
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Paired mounting

If two radial shaft seals are to be mounted in a
common housing bore either in tandem or in a
back-to-back arrangement, care must be
taken to see that neither of the sealing lips can
run dry at any time. To eliminate any risk of
dry running, the free space between the seals
or sealing lips should be filled with a suitable
lubricating grease.

To guarantee lubricant supply to the sealing
lips in operation and to prevent dry running,
the use of a spacing ring between the two
seals is recommended. This ring should be
provided with lubrication holes (fig 61), so that
grease can be supplied to the space between
the sealing lips, e.g. via a grease nipple. No
spacer ring is required when using HDS3 seals
as these have spacer lugs built into the large
side face (fig 62).
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Fig 61. Spacing ring
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@)

Fig 62. Spacer lugs
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Radial shaft seals

Fig 63. Spacing washer

’

Fig 64. Spacing washer

Where two HS seals made of elastomer are
to be mounted in the same housing bore it has
been found advantageous to mount a spacing
washer between the two seals (fig 63 and
64). Suitable washer dimensions can be
determined based on the inside and outside
diameters of the seal, d1 and d> respectively:

washer inside diameter
=dy +61t010 mm

washer outside diameter
=d»-051t01,5mm

The washer width must be determined with
reference to the conditions but should always
be such that lubrication holes can be provided
in the circumference, or lubrication grooves in
one side face (fig 65) to permit grease to be
supplied from outside to the sealing lips, e.g.
via a grease nipple. When determining washer
width and the depth of the housing bore it is
also necessary to take into consideration the
axial displacement required when clamping the
seals.

Details of spacer for central lubrication
A separator between two seals can be a slotted washer
to provide lubrication circulation.

D-0,5/15mm
-0.20/0.60 in)

S

Fig 65. Details of spacer for central lubrication
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Industrial shaft seals

Cover plates

All HS type seals, split and solid are 0,4 to 0,8
mm (0.016 to 0.031 in) wider than the bore
depth and have outside diameters that are 2%
to 5% larger than the seal housing bore. The
end user is required to fabricate and use a
cover plate for proper fit. The cover plate
provides axial compression and supplements
radial press fit to ensure maximum seal
performance. It should be thick enough not to
bend or distort. Generally, a thickness of 6,35
to 12,7 mm (0.250 to 0.500 in) is sufficient.

The plate should be secured with bolts, no
more than 150 mm (6 in) apart, on a bolt
circle located as close to the seal housing bore
as practical. The cover plate should be flat and
the housing bore depth uniform. Splitting the
cover plate at 180° will make seal replacement
easier, particularly in confined areas.

To block surges of lubricant towards the seal
from the inside and to protect the seal from
damage from the outside, it is recommended
that the cover plate inner diameter be as close
as practical to the shaft. Generally, 6,35 mm
(0.2501n) over shaft diameter is sufficient in
the presence of shaft misalignment and run
out.

Sometimes, supplementary sealing needs to
be added. It is impractical to machine the
original housing to provide the seal cavity
required. In such instances, the seal cavity may
be incorporated into a new plate, which is
bolted into place as illustrated (fig 66).
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New seal cavity plate
—
Seal
retaining —
cover plate
6,35 mm O
(0,250 in) -*—

Sealing element

Fig 66
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Radial shaft seals

Protecting the counter surface

against corrosion

Under normal storage conditions the seal
counter surface should be protected against
corrosion until the machine is to be used by
coating it with a rust inhibiting medium.

The rust inhibition should last for a year
with or without packaging.

The protective coating should be soluble in
the medium which is to be sealed. Laquers or
tars should not separate out as these might
impair the sealing.

Where machines are to be transported for
long periods (overseas) or stored in
unfavorable conditions (e.g. outdoors), or
where they are not in use for long periods,
special corrosion inhibitors should be used
which form tough, pliable and wax-like films
that can be removed using neutral solvents.
The solvents should leave an oily residue.

Removal

As radial shaft seals should never be re-used,
their removal is seldom a problem as there is
no need to be careful not to damage the seal.
However, before beginning, it may be advisable
to note the direction in which the seal is
mounted so that the lip of the replacement
seal can be mounted in the same direction.
Small seals can generally be removed using a
screwdriver. The dismounting of large-size
seals is made easier if recesses have been
provided in the housing shoulder, see picture in
table 15, page 81, allowing access for a drift.
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Industrial shaft seals

Replacement

Once a radial shaft seal has been removed
during maintenance work, it should never be
re-used. The lip of the replacement seal should
not be allowed to run on the same path as the
lip of the old seal. There are several ways to
achieve this:

O rework the counterface (this entails
removing the shaft),

O replace a ring which has served as a
counter surface,

DO use a Speedi-Sleeve,

O mount a spacer ring in the housing bore
between the housing shoulder
and the seal (fig 67),

O press in the new seal to a different depth
in a cylindrical opening in the housing.

When necessary, the counter surface should
always be displaced towards the side of the
medium to be sealed.

When choosing replacement seals care
should be taken to see that the design and
material correspond to the original. In case of
doubt, a higher quality seal should be used to
ensure that it can withstand the operating
conditions, e.g. with respect to pressure,
temperature etc., and that it is compatible with
the medium to be sealed.

Seals made of a different material should
only be used if absolutely necessary. In such
cases the recommendations given in Table 17
may be followed. The order in which the
materials are listed gives an indication of their
suitability. Other choices can be made, but
these may lead to a considerably shortened
seal life.

If a seal of the same design is not available
in the same width as the original, then a
somewhat narrower seal can be used, or if the
depth of the housing bore allows, a somewhat
wider seal can be chosen as the replacement.
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Fig 67
Table 17. Replacement scaling lip materials
Original Replacement
Felt Nitrile rubber
Polyacrylate elastomer
Fluoro rubber
Leather Nitrile rubber
Fluoro rubber
Nitrile rubber Polyacrylate elastomer
Fluoro rubber
Silicone rubber
Polyacrylate elastomer Fluoro rubber
Silicone rubber
Silicone rubber Fluoro rubber
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Designation system

Metric radial shaft seals

The designations of all metric radial shaft seals
from SKF are prefixed by the letter CR,
followed by the size in millimeters (uncoded)
and the suffixes for the type and design of the
seal and the material of the lip, see page 97.

Inch-size radial shaft seals

Inch-size SKF radial shaft seals are identified
by their drawing number which consists of
from four to seven figures. The drawing
number gives an indication of seal size, but not
of type or material.

Four-figure numbers are used for radial shaft
seals for

shaft diameters < 1 in, e.g.

CR 3680: d1 =0,375 in

Five-figure numbers are used for radial shaft
seals for

shaft diameters =1 < 10 in, e.g.

CR 41287:d1 =4,125in

CR 97545: d1 = 9,750 in

Six and seven-figure numbers are used for
radial shaft seals for

shaft diameters = 10 in, e.g.

CR 120061:d1 =12 in

CR 1375242:d1 =13,75in
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Designation system for metric radial shaft seals

\ 55x72x8 | [ cRW [HAL | [R[ 1]

Prefix %

/

A

A A

CR

Seal size

55 Nominal diameter of seal (= shaft diameter)

72 Nominal outside diameter of seal (= housing bore diameter)

8 Width of sealing ring

Design

CRS Seal with steel shell and one lip

CRW Seal with steel shell and one Waveseal lip

D Seal with steel shell and two lips, with two garter springs

HDS Heavy-duty seal with steel shell and one lip

HDW Heavy-duty seal with steel shell and one Waveseal lip

HM Seal with one lip, without garter spring

HMS Seal with one lip, with garter spring

HS All-elastomer seal, non-split or split

SL Seal with steel shell and PTFE lip

Variants

A Secondary lip

B Secondary lip directed in parallel with the primary lip

H Additional inner shell

HA H+A

D Double lip, lips arranged in opposite directions

E Double lip, lips arranged in same directions

R Steel shell with elastomer coating

w Waveseal lip

Execution

1 Normally indicates standard seal

2 For HDS seals; garter spring covered by Spring-Kover

3,4 ... Other executions of seal body, outside diameter or spring groove

Lip material

D Duralip (carboxylated nitrile rubber, X-NBR to I1SO 1629)

H Hydrogenated acrylonitrile-butadiene rubber (H-NBR to ISO 1629)

P Polyacrylate elastomer (ACM to ISO 1629)

R Acrylonitrile-butadiene rubber (NBR to ISO 1629)

RG Acrylonitrile-butadiene rubber, grey colour

S Silicone rubber (MVQ to I1SO 1629)

T Polytetrafluoro-ethylene (PTFE to ISO 1043)

v Fluoro rubber (FPM to ISO 1629)

Execution

1,2.. Seals of the same size and design which differ in execution from

the basic design are identified by a number e.g. R1
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Radial shaft seals

Seal selection chart

Radial shaft seals, small diameter seal range (SDS)

This matrix can only provide a rough guide and the final Desi
gn
seal selection should only be made after a more detailed
examination of sealing properties with respect to the actual
operating conditions and environment. If several seal designs Shell Sealing lip Secondary
and materials are shown together then the ratings apply to (outside lip
the specified design/material. diameter)
Signs and symbols:
+++ Very well suited (very good) R Nitrile rubber
++  Well suited (good) V  Fluoro rubber
+  Suitable (normal) o
—  Less suitable (satisfactory) £
—— Unsuitable (poor) = o2
- O c =
QE) 1S = E <
- | e8| & | § | 22
3 @ 3 2 % :T u
Seals types n o o > <o
- RV normal RV B (HMSA10)
HMS5 [[:' HMSA10 !E’
HMS4 E HMSA7 E RV normal RV A (HMSA7)
CRW1 E CRWH1 @ o - Wave- | RV | -
Bore-Tite seal
CRWAJJE CRWHAli * - Wave- | RV | -
Bore-Tite seal
CRWSi CRWAS i + - Wave- RV | B (CRWA5)
Bore-Tite seal
CRS1 E crsi ] * - | normal | RV | -
CRSAIE cRsHAL G * - | normal | RV | A
E D + - special PTFE | -
RD10 E . RD30 . RD60 .
+ - special | PTFE | B (RD11, RD71)
ro11 ro7o [ ro7t B
RDD13 [0] ROD14 [o] RDD15 - PTFE | special | PTFE | -
1 i
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Suitability

Media
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Wear sleeves

Speedi-Sleeve®

Speedi-Sleeves are made of stainless steel and
have a wall thickness of 0,254 mm (0,01 inch).
Because of the extreme thinness, the diameter
of the seal seating will only be increased by
about 0,5 mm so that it is possible to use
replacement seals of the same size as the
original.

The sleeves have a hardness of 95 HRB and
a surface roughness of between 0,25 to 0,5 R,y
pum. Thus they often offer a better counter face
§ for the seal lip than the original shaft itself.
Fig 78 Normally, Speedi-Sleeves can be mounted
immediately on the cleaned shaft (fig 78,
fig 79 and fig 80. Only in cases where the
shaft exhibits deep grooving or is otherwise
damaged is it advisable to first apply powdered
metal epoxy filler to the grooves and other
damaged areas.

All SKF Speedi-Sleeves have a removable

U ]]E ] installation flange at one side for easy

> v mounting together with the mounting tool
‘ ”—1 supplied with each sleeve. The flange can be

| retained to act as a flinger or can be removed

~/ easily as a pre-cut tear groove is provided.

Fig 79
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Mechanical seals

Table 24. Permissible operating conditions

Operating conditions

Guideline values

Operating temperature, °C
continuous operation
brief periods, maximum

Peripheral speed, m/s
continuous operation
brief periods, maximum

Pressure acting on seal, MPa
continuous operation
brief periods

-50 to +100
+120

up to 1,75
up to 4

up to 0,2
up to 0,35

Fig 85
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Industrial shaft seals

Design of sealing arrangement

V-ring seals are suitable for both grease and
oil-lubricated applications. For sealing grease-
lubricated bearing arrangements against dust
or water spray, the V-ring should be arranged
outside the housing cover or housing wall.
Dust, water spray and other impurities can be
excluded in this position (fig 88a). The V-ring
will also act as a grease valve (fig 88b) Used
grease Or excess new grease can escape
between the counterface and the sealing lip.
The use of two opposing V-rings (fig 89) is
recommended where lubricant retention and
contaminant exclusion are of equal
importance.

If V-rings are to be used to retain oil, they
should always be axially located on the shaft
on the lubricant side (fig 90). If the direction
of shaft rotation is constant, a spiral groove in
the counterface causes oil to leave the sealing
position and thus improves sealing efficiency.

L

//

Fig 88
Fig 89 Fig 90
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V-ring seals

J

Fig 91

o
A
i:ig 92

Fig 93
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The spiral groove (fig 91) should have an
enlargement of approximately 2 mm for each
complete turn in the direction of rotation and
should have a depth of between 0,05 and
0,1 mm with a radius of curvature of approxi-
mately 0,5 mm. All edges must be
smoothed.V-rings may also be used as a
secondary back-up seal (fig 92), for example,
where it is necessary to protect the sealing lip
and counterface of the primary seal against
solid contaminants or corrosion. They have
also been used to advantage to enhance the
efficiency of labyrinth seals (fig 93). If the
seating diameter lies in the appropriate range
for two V-rings, the larger V-ring should
always be chosen.

Materials
Normally V-rings are made from nitrile rubber
(NBR). This has good resistance to wear as
well as to chemicals and can be used for
normal operating temperatures. For applica-
tions where higher temperatures occur or
where aggressive media are present, V-rings
made of fluoro rubber (FPM) can be supplied.
The permissible operating conditions will be
found in table 26. The chemical resistance of
the rubber materials is described in the section
entitled “Chemical resistance” In the product
table under the heading “Design and material”,
the letters R and V are used to identify nitrile
rubber and fluoro rubber, respectively.
Warning: fluoro rubber seals will give off
toxic fumes at temperatures above 300 °C. If
overheated they are still dangerous to handle
even once they have cooled down.

Sliding velocities

V-ring seals can be operated under the
conditions given in table 26. It should be
noted that at speeds above 15 m/s the sealing
lip will lift from the counterface and the V-ring
will only act as a gap-type seal.
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Industrial shaft seals

Table 26. Permissible operating conditions

Operating conditions

Guideline values for
V-rings of
nitrile rubber

Guideline values for
V-rings of
fluoro rubber

Operating temperature, °C
dynamic sealing
static sealing

Peripheral speed, m/s
normal (1)

axially located (2)

with support ring (3)
with rotating counterface

Pressure acting on seal, MPa
static sealing or very low
speed operation

—40 to + 100
—40 to + 120

up to 8
81to12
>12

up to 20

up to 0,03

-20to + 150
—-40 to + 230

up to 6,5
6,5 to 10
>10

up to 20

up to 0,03
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V-ring seals

NR
74l

Mounting instructions

V-rings seals are elastic and may be stretched
to enable them to be pushed over other
components, so that mounting is a simple
operation (fig 94) may be used to push the
seal to its position at a predetermined distance
from the counterface.

In cases where many V-rings are to be
mounted, a simple tool (fig 95) may be used to
push the seal to its position at a
predetermined distance from the counterface.

If the replacement of V-rings involves the
time-consuming dismounting of several other
components, the replacement ring may be cut
in two and portable vulcanisation equipment
used to join the two seal halves once they are
in position.
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Industrial shaft seals

Table 29. Application tolerances

Dimension Tolerance

Axial clamp seal of design

CT1 CT3 CT4
Seal seating
diameter Da Dy + 1,6 mm Dy + 1,6 mm Dy 1,6 mm
Seal seating
width Ca C+32mm C+32mm C+32mm
Distance B, B+ 0,8 mm B +0,8 mm B +0,8 mm
Distance E 11,1 £32 mm 4,8 +32mm 11,1 +32 mm
Seal lip height
above "Dy” h 12,7 + 0,8 mm 151+ 1,6 mm 12,7 + 0,8 mm
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