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B.2 Design recommendations
The following design recommendations cannot be used
for the special Isolast materials. Please use the Isolast

brochure or contact our specialists for further details.

B.2.1 Installation recommendations

General recommendations

Before starting installation, check the following points:

- Lead-in chamfers made according to drawing?

- Bores deburred and edges rounded?

- Machining residues, e.g. chips, dirt and foreign
particles, removed?

- Screw thread tips covered?

- Seals and components greased or oiled?
Ensure media compatibility with the elastomer
material. B+S recommends to use the fluid to be
sealed.

- Do not use lubricants with solid additives, e.g.
molybdenum disulphide or zinc sulphide.
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Figure 11 Rod installation with O-Ring
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Figure 12 Piston installation with O-Ring

correct

incorrect

with lead-in
chamfer

without lead-in
chamfer

Figure 13 O-Ring installation over transverse bores

Manual installation

- Use tools without sharp edges!

- Ensure that the O-Ring is not twisted, use installation
aids to assist correct positioning

- Use installation aids wherever possible

- Do not over stretch O-Rings

- Do not stretch O-Rings made out of cord at the joint.
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Installation over threads, splines etc.

Should the O-Ring have to be stretched over threads,
splines, keyways etc., then an assembly mandrel is
essential. This mandrel can either be manufactured in a
soft metal or a plastic material obviously without burrs or
sharp edges.

Automatic installation

Automatic O-Ring installation requires good
preparation. The surfaces of the O-Rings are frequently
treated by several methods (see chapter ”O-Ring friction
reduced”). This offers a number of benefits during
installation by

- Reducing the installation forces

- Non-stick effects, easy removal

The handling and installation of dimensionally unstable
components requires a great deal of experience. Reliable
automated installation thus demands special handling
and packing of the O-Rings.

Please ask our specialists for further details.

B.2.2 Initial compression

An initial compression (squeeze) of the O-Ring in the
groove is essential to ensure its function as a primary or
secondary sealing element (Figure 14). It serves to:

- Achieve the initial sealing capability

- Bridge production tolerances

- Assure defined frictional forces

- Compensate for the compression set

- Compensate for wear

Depending on the application, the following values apply
for the initial squeeze as a proportion of the cross section
(d2):

Dynamic applications: 6 to 20%
Static applications: 15 to 30%

The design of the grooves can be based on the guide
values for the initial squeeze shown in the diagrams in
Figure 15a/b. These take into account the relationship
between loads and cross sections according to ISO
3601-2.
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Figure 14 O-Ring contact pressure installed and
under service pressure
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Figure 15a Permissible range of initial squeeze as a
function of cross section
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Hydraulics, Pneumatics, static
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Figure 15b Permissible range of initial squeeze as a
function of cross section

Compression forces

The deformation forces vary depending on the extent of
the initial squeeze and the Shore hardness. Figure 16
shows the specific compression force per cm of the seal
circumference as a function of the cross section.

The compression forces shown can be used to estimate
the total force to be applied for static installation of
O-Rings.
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Figure 16 Compression forces on the O-Ring
circumference depending on the material

B.2.3 Elongation - compression

With a radial sealing configuration, the O-Ring in an
internal groove - ”outside sealing” - should be stretched
over the diameter of the groove. Maximum elongation in
the installed state is 6% for O-Rings with an inner
diameter > 50 mm and 8% for O-Rings with an inner
diameter < 50 mm.

With external grooves - ”inside sealing” - the O-Ring is
preferably compressed along its circumference. The
maximum circumferential compression in the installed
state is 3%.

Exceeding these values will result in too large increase or
decrease in the O-Ring cross section. Consequently this
can effect the service life of the seal.

The reduction in cross section diameter (d2) can be
calculated as

with d1min = minimum inside diameter of the O-Ring
d2min = minimum cross section of the O-Ring
d3max = maximum housing diameter

but for approximation it can be assumed, in percentage,
to be half the amount of stretch. An elongation of 1%
corresponds to a reduction of the cross section (d2) of
approx. 0.5%.
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B.2.4 Methods of installation and design of seal housing

Methods of installation

O-Rings can be used in components in a wide variety of
ways.

During the design stage installation must be taken into
consideration. In order to avoid damage during
installation it should not be necessary to pass the O-Ring
over edges or bores. When long sliding movements are
involved, the seal seat should be recessed, if possible, or
theO-Rings arranged so that they only have to travel short
distances during installation to reduce risk of twisting.

Radial installation (static and dynamic)

Inner sealing
The O-Ring size should be selected so that the inside
diameter d1 has the smallest possible deviation from the
diameter to be sealed d5 (Figure 17).

Outer sealing.
The O-Ring size should be selected so that the inside
diameter d1 is equal to or smaller than groove diameter
d3 (Figure 18).

Axial installation, (static)

During axial-static installation, the direction of the
pressure should be taken into consideration when
choosing the O-Ring size (Figure 18). With internal
pressure the O-Ring should be chosen so that the outside
diameter of the O-Ring is approx. 1 to 2% larger than the
outer groove diameter d7. With external pressure the
O-Ring is chosen approx. 1 to 3% smaller than the inner
groove diameter d8.

d1

d2

d3

d5
Figure 17 Radial installation, static and dynamic

d8

d7

d8

d7

pressure from inside pressure from outside

Figure 18 Axial installation, static
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O-Ring as a rotary seal

In some applications, e.g. with short running periods, the
O-Ring can also be used as a rotary seal for sealing
shafts. In this case, the following points should be
observed:

In order to be able to function as a rotary seal, O-Rings
must be installed in accordance with specific guidelines,
the rotary seal principle.

The rotary seal principle is based on the fact that an
elongated elastomer ring contracts when heated (Joule
effect). With the normal design criteria the O-Ring inside
diameter d1 will be slightly smaller than the shaft
diameter, and the heat generated by friction would cause
the ring to contract even more. This results in a higher
pressure on the rotating shaft so that a lubricating film is
prevented from forming under the seal and even higher
friction occurs. The result would be increased wear and
a premature failure of the seal.

Using the rotary seal principle, this is prevented by the
seal ring being selected so that its inside diameter is
approximately 2 to 5% larger than the shaft diameter to
be sealed. The installation in the groove means that the
seal ring is compressed radially and is pressed against
the shaft by the groove diameter. The seal ring is thus
slightly corrugated in the groove, a fact which helps to
improve the lubrication.

The rotary seal principle can be neglected at peripheral
speeds of less than 0.5 m/s.

Special materials are available for rotary seal
applications. B+S does not recommend the use of
O-Rings as rotary seals. Please contact your local B+S
company for further details.

Technical data

O-Rings can be used in a wide range of applications.
Temperature, pressure and media determine the choice
of appropriate materials. In order to be able to assess the
suitability of the O-Ring as a sealing element for a given
application, the interaction of all the operating
parameters have to be taken into consideration.

Working Pressure

Static application
- up to 5MPa forO-Ringswith inside diameter> 50mm
without Back-up Ring
up to 10 MPa for O-Rings with inside diameter
< 50 mm without Back-up Ring
(depends on the material, the cross section and the
clearance)

- up to 40 MPa with Back-up Ring
- up to 250 MPa with special Back-up Ring
Please note the permissible extrusion gaps.

Dynamic application
- Reciprocating up to 5 MPa without Back-up Ring
- Higher pressures with Back-up Ring

Speed
Reciprocating up to 0.5 m/s
Rotating up to 0.5 m/s
Depending on material and application.

Temperature
From -60 °C to +325 °C
Depending on material and media resistance.

When assessing the application criteria, the peak and
continuous operating temperature and the running
period must be taken into consideration. For rotating
applications the temperature increase due to frictional
heat must be taken into account.

Media
With the wide range of the available materials, each with
different properties, it is possible to seal against
practically all liquids, gases and chemicals. Please note
when selecting themost suitable material the information
in chapter “B.1 Materials” and in our O-Ring Material
Guide.
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Groove design / Groove dimensions

Lead-in chamfers

Correct design can help to eliminate possible sources of
damage and seal failure from the outset.

Since O-Ring are squeezed during installation, lead-in
chamfers and rounded edges must be provided
(Figures 19 and 20).

Z

rounded
polished

15°-20°

Figure 19 Lead-in chamfers for bores, tubes

rounded, polished

Z

15°-20°

Figure 20 Lead-in chamfers for shafts, rods

The minimum length of the lead-in chamfer is listed in
table X as a function of the cross section d2.

Table X Lead-in chamfers

Lead-in chamfers
length Z min.

O-Ring cross section
d2

15°°°° 20°°°°

2

2.5 1.5 up to 1.78 1.80

3.0 2.0 up to 2.62 2.65

3.5 2.5 up to 3.53 3.55

4.5 3.5 up to 5.33 5.30

5.0 4.0 up to 7.00

6.0 4.5 above 7.00

The surface roughness of a lead-in chamfer is:
Rz ≤ 4.0 µm Ra ≤ 0.8 µm

Radial clearance

The tolerances given in table XIV and the maximum
permissible radial clearance S (extrusiongap) given in the
table XI must be maintained.

If the clearance is too large, there is a risk of seal extrusion
which can result in the destruction of the O-Ring (Figure
21).
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Figure 21 Radial clearance “S”

The permissible radial clearance S between the sealed
parts depends on the system pressure, the cross section
and the hardness of the O-Ring.

Table XI contains recommendations for the permissible
clearance S as a function of O-Ring cross section and
shore hardness. The table is valid for elastomeric
materials with the exception of polyurethane and FEP
encapsulated O-Rings.

For pressure above 5 MPa for O-Rings with Inside
diameter > 50 mm and above 10 MPa for O-Rings with
Inside diameter < 50 mm we recommend the use of
Back-up Rings.



O-Ring

45

Edition May 2004

Table XI Radial clearance S

O-Ring
cross
section
d2

up to 2 2 - 3 3 - 5 5 - 7 above
7

O-Rings with hardness of 70 Shore A

Pressure
MPa Radial clearance S

≤ 3.50 0.08 0.09 0.10 0.13 0.15

≤ 7.00 0.05 0.07 0.08 0.09 0.10

≤ 10.50 0.03 0.04 0.05 0.07 0.08

O-Rings with hardness of 90 Shore A

Pressure
MPa Radial clearance S

 3.50 0.13 0.15 0.20 0.23 0.25

≤ 7.00 0.10 0.13 0.15 0.18 0.20

≤ 10.50 0.07 0.09 0.10 0.13 0.15

≤ 14.00 0.05 0.07 0.08 0.09 0.10

≤ 17.50 0.04 0.05 0.07 0.08 0.09

≤ 21.00 0.03 0.04 0.05 0.07 0.08

≤ 35.00 0.02 0.03 0.03 0.04 0.04

These values assume that the parts are fitted
concentrically to one another and do not expand under
pressure. If this is not the case, the clearance should be
kept correspondingly smaller.

For static applications we recommend a fit of H8/g7.

O-Rings made from polyurethane can bridge larger
clearances thanks to their high extrusion resistance and
greater dimensional stability. See also chapter
”Polyurethane O-Rings”.

Surfaces

Under pressure, elastomers adapt to irregular surfaces.
For gas or liquid tight joints, however, certain minimum
demands must be made on the surface quality of the sur-
faces to be sealed.

Fundamentally grooves, scratches, pit marks, concentric
or spiral machining scores, etc. are not permissible.
Higher demandsmust be placed on dynamic mating sur-
faces than on static surfaces.

At present no uniform definitions exist for describing the
mating surfaces. In practice, the specification of the Ra
value is not sufficient to permit an assessment of the sur-
face quality. Our recommendations therefore contain
various terms and definitions in accordance with DIN
4768/1 and ISO 1302.

Table XII Surface finish

Type of Load Surface Rmax µm Rz µm Ra µm

Radial–dynamic Mating surface *
(bore, rod, shaft)

1.0 - 4.0 0.63 - 2.5 0.1 - 0.4

Groove surface ≤ 16.0 ≤ 10.0 ≤ 1.6

Radial–static
Axial–static

Maiting surface
Groove surface
(groove diameter, groove flanks)

≤ 16.0 ≤ 10.0 ≤ 1.6

For pulsating pressures
Mating surface
Groove surface
(groove diameter, groove flanks)

≤ 10.0 ≤ 6.3 ≤ 0.8

* spiralfree grinding The above is for guidance only and covers the majority of
sealing applications. However B+S should be consulted
in areas of particular concern.
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Trapezoidal groove

The trapezoidal (dovetail) groove should only be used in
special cases, e.g. overhead installation, in order to retain
the O-Ring ( Figure 22). The installation dimensions are
summarised in table XIII. The trapezoidal groove is only
recommended for O-Ring cross section from 3.53 mm.
The inside diameter of the O-Ring results from the mean
groove diameter minus the cross section.

b2

b1

h
Figure 22 Installation in trapezoidal groove

Table XIII Installation dimensions for trapezoidal groove

O–Ring cross section Groove dimensionsO Ring cross section

Groove width Groove width Groove depth Radius (max.)
d2

Groove width
b1 ±0.05

Groove width
b2 ±0.05

Groove depth
h ±0.05 r3 r2

3.53 3.55 2.90 3.20 2.90 0.25 0.80

4.00 3.40 3.70 3.20 0.25 0.80

5.00 4.30 4.60 4.20 0.25 0.80

5.33 5.30 4.60 4.90 4.60 0.25 0.80

5.70 4.75 5.25 4.80 0.40 0.80

6.00 5.05 5.55 5.10 0.40 0.80

7.00 6.00 6.50 6.00 0.40 1.60

8.00 6.85 7.45 6.90 0.50 1.60

8.40 7.25 7.85 7.30 0.50 1.60

Rectangular groove

A rectangular groove is preferred for all new designs.
Designs with bevelled groove flanks up to 5° are
permissible. If Back-up Rings are used, straight groove
flanks are necessary.

To reduce risk of extrusion the radius r ideally should not
exeed the maximum permissible radial clearance S (see
table XI).

r1

0°-5°

Figure 23 Groove specifications
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Installation recommendations

d2 b3 b2 h

b1

r1
r1

t1

S
t

S

t1

b4

Figure 24 Installation drawing Gap dimensions, see chapter “Design Recommendations”, page 44
Surface specifications, see chapter “Design Recommendations”, page 45

Table XIV Installation dimensions

Cross section Radial installation Axial installation Radius

Groove depth Groove width Groove depth Groove width

Dynamic Static

d2 t1 +0.05 t +0.05 b1 +0.2 b2 +0.2 b3 +0.2 h +0.05 b4 +0.2 r1 ±0.2

0.50 - 0.35 0.80 - - 0.35 0.80 0.20

0.74 - 0.50 1.00 - - 0.50 1.00 0.20

1.00 1.02 - 0.70 1.40 - - 0.70 1.40 0.20

1.20 - 0.85 1.70 - - 0.85 1.70 0.20

1.25 1.27 - 0.90 1.70 - - 0.90 1.80 0.20

1.30 - 0.95 1.80 - - 0.95 1.80 0.20

1.42 - 1.05 1.90 - - 1.05 2.00 0.30

1.50 1.52 1.25 1.10 2.00 3.00 4.00 1.10 2.10 0.30

1.60 1.63 1.30 1.20 2.10 3.10 4.10 1.20 2.20 0.30

1.78 1.80* 1.45 1.30 2.40 3.80 5.20 1.30 2.60 0.30

1.83 1.50 1.35 2.50 3.90 5.30 1.35 2.60 0.30

1.90 1.55 1.40 2.60 4.00 5.40 1.40 2.70 0.30

1.98 2.00 1.65 1.50 2.70 4.10 5.50 1.50 2.80 0.30

2.08 2.10 1.75 1.55 2.80 4.20 5.60 1.55 2.90 0.30

2.20 1.85 1.60 3.00 4.40 5.80 1.60 3.00 0.30
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Cross section Radial installation Axial installation Radius

Groove depth Groove width Groove depth Groove width

Dynamic Static

d2 t1 +0.05 t +0.05 b1 +0.2 b2 +0.2 b3 +0.2 h +0.05 b4 +0.2 r1 ±0.2

2.26 1.90 1.70 3.00 4.40 5.80 1.70 3.10 0.30

2.30 2.34 1.95 1.75 3.10 4.50 5.90 1.75 3.10 0.30

2.40 2.05 1.80 3.20 4.60 6.00 1.80 3.30 0.30

2.46 2.10 1.85 3.30 4.70 6.10 1.85 3.40 0.30

2.50 2.15 1.85 3.30 4.70 6.10 1.85 3.40 0.30

2.62 2.65* 2.25 2.00 3.60 5.00 6.40 2.00 3.80 0.30

2.70 2.30 2.05 3.60 5.00 6.40 2.05 3.80 0.30

2.80 2.40 2.10 3.70 5.10 6.50 2.10 3.90 0.60

2.92 2.95 2.50 2.20 3.90 5.30 6.70 2.20 4.00 0.60

3.00 2.60 2.30 4.00 5.40 6.80 2.30 4.00 0.60

3.10 2.70 2.40 4.10 5.50 6.90 2.40 4.10 0.60

3.50 3.05 2.65 4.60 6.00 7.40 2.65 4.70 0.60

3.53 3.55* 3.10 2.70 4.80 6.20 7.60 2.70 5.00 0.60

3.60 3.15 2.80 4.80 6.20 7.60 2.80 5.10 0.60

4.00 3.50 3.10 5.20 6.90 8.60 3.10 5.30 0.60

4.50 4.00 3.50 5.80 7.50 9.20 3.50 5.90 0.60

5.00 4.40 4.00 6.60 8.30 10.00 4.00 6.70 0.60

5.33 5.30* 4.70 4.30 7.10 9.00 10.90 4.30 7.30 0.60

5.50 4.80 4.50 7.10 9.00 10.90 4.50 7.30 0.60

5.70 5.00 4.60 7.20 9.00 11.00 4.60 7.40 0.60

6.00 5.30 4.90 7.40 9.30 11.20 4.90 7.60 0.60

6.50 5.70 5.40 8.00 9.90 11.90 5.40 8.20 1.00

6.99 7.00* 6.10 5.80 9.50 12.30 15.10 5.80 9.70 1.00

7.50 6.60 6.30 9.70 12.50 15.30 6.30 9.90 1.00

8.00 7.10 6.70 9.80 12.60 15.40 6.70 10.00 1.00

8.40 7.50 7.10 10.00 12.80 15.60 7.10 10.30 1.00

9.00 8.10 7.70 10.60 13.40 16.30 7.70 10.90 1.50

9.50 8.60 8.20 11.00 13.80 16.70 8.20 11.40 1.50

10.00 9.10 8.60 11.60 14.50 17.40 8.60 12.00 2.00

12.00 11.00 10.60 13.50 16.40 19.40 10.60 14.00 2.00

*ISO 3601 recommendation

If a Back-up Ring is used the recommended radius r1 should always be r1=0.25 ±0.2 mm.




