Full document details: ISO 3601-2-2016

INTERNATIONAL ISO
STANDARD 3601-2

Second edition
2016-07-15

Fluid power systems — O-rings —

Part 2:
Housing dimensions for general
applications

Transmissions hydrauliques et pneumatiques — Joints toriques —

Partie 2: Dimensions des logements pour applications générales

Reference number

— T 1SO 3601-2:2016(E)
ISO Documents

=\, = Document Sharing Hub

=== ©1S0 2016


http://avadocuments2026.com/doc/iso-3601-2-2016
http://avadocuments2026.com/doc/iso-3601-2-2016

ISO 3601-2:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47

copyright@iso.org

wwise.ore Documents
.. Document Sharing Hub
11 © ISO 2016 - All rights reserved

Full document details: ISO 3601-2-2016


http://avadocuments2026.com/doc/iso-3601-2-2016
http://avadocuments2026.com/doc/iso-3601-2-2016

ISO 3601-2:2016(E)

Contents Page
FFOT@WOTM .........oocccceesee e85 8558585855555 iv
TN OAUCEION........ccoe st \%
1 SCOPI ... 1
2 Normative references

3 Terms and definitions

4 Symbols

5 O-FING MOUSIIIZS ...t 3
6 REQUITEIMIEIITS .......ooocc et 13
7 Identification STATEIMIEIIT . ... 14

Annex A (informative) Correlation of ISO 3601-1 aerospace O-ring size identification code
with EN 3748 O-1ing NOUSING COAES..........coo.oooiiiiiieeee e 48

Annex B (informative) Determination of the proper O-ring size for custom housings used
for radial and axial applications

BIDLEOZTAPIY . ...

Documents

] Document Sharin%Hub
© ISO 2016 - All rights reserved 1

Full document details: ISO 3601-2-2016


http://avadocuments2026.com/doc/iso-3601-2-2016
http://avadocuments2026.com/doc/iso-3601-2-2016

ISO 3601-2:2016(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is [SO/TC 131, Fluid power systems, Subcommittee SC 7,
Sealing devices.

This second edition cancels and replaces the first edition (ISO 3601-2:2008), which has been technically
revised.

[SO 3601 consists of the following parts, under the general title Fluid power systems — O-rings:
— Part 1: Inside diameters, cross-sections, tolerances and designation codes

— Part 2: Housing dimensions for general applications

— Part 3: Quality acceptance criteria

— Part 4: Anti-extrusion rings (back-up rings)

— Part 5: Specification of elastomeric materials for industrial applications
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Introduction

In fluid power systems, power is transmitted and controlled through a fluid (liquid or gas) under
pressure within an enclosed circuit. To avoid leakage or to seal different chambers of a component from
each other, sealing devices are used. O-rings are one type of sealing devices. To seal properly, an O-ring
has to be used in an appropriate housing for the application.

Annex A and Annex B of this part of ISO 3601 are for information only.
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INTERNATIONAL STANDARD ISO 3601-2:2016(E)

Fluid power systems — O-rings —

Part 2:
Housing dimensions for general applications

1 Scope

This part of ISO 3601 specifies the housing (gland) dimensions for class A O-rings for general industrial
applications conforming to ISO 3601-1, as well as housing dimensions for class B O-rings used on
selected metric-dimensioned hardware, e.g. fluid power cylinder bores and piston rods. These O-rings
are for use in general hydraulic and pneumatic applications without and with anti-extrusion rings
(back-up rings). The dimensions of the O-rings (d1 and d3), size codes (SC) and tolerances conform to
ISO 3601-1.

Housing dimensions for the O-rings intended for aerospace applications that are specified in ISO 3601-1
are addressed in Annex A.

NOTE1 It is expected that O-ring housing dimensions for special applications be agreed upon between the
O-ring manufacturer and the user.

NOTE 2  The terms “housing”, “groove” and “gland” are interchangeable, and their usage is a matter of local
convenience. In this part of ISO 3601, the term “housing” is used exclusively.
2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 3601-1:2012, Fluid power systems — O-rings — Part 1: Inside diameters, cross-sections, tolerances and
designation codes

ISO 3601-4, Fluid power systems — O-rings — Part 4: Anti-extrusion rings (back-up rings)
[SO 5598, Fluid power systems and components — Vocabulary

ISO 8015, Geometrical product specifications (GPS) — Fundamentals — Concepts, principles and rules

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598 apply.

4 Symbols
For the purposes of this document, the following symbols are used in this part of [SO 3601.

Acs1  cross-sectional area of the O-ring

Acsp  cross-sectional area of the O-ring housing

a roughness of the side surface of the O-ring housing

by width of the O-ring housing

b1 width of the O-ring housing without an anti-extrusion ring (back-up ring)
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b,  width of the O-ring housing with one anti-extrusion ring (back-up ring)
b3  width of the O-ring housing with two anti-extrusion rings (back-up rings)
by  width of the O-ring axial housing
C percentage of effective O-ring cross-section compression
c surface roughness of the O-ring housing base
roughness of the mating surface of the O-ring
dq O-ring inside diameter
dy O-ring cross-section diameter
d3  housinginside diameter for piston application
ds  bore diameter for piston application
dsg rod diameter
de  housing outside diameter for rod application
d7  outside diameter of housing for axial (face) sealing
dg  inside diameter of housing for axial (face) sealing
dg  piston diameter
dip bore diameter for rod application
surface roughness of lead-in chamfer
approximate percentage of housing fill

housing radius (also known as edges of undefined shape)

e

F

f

g extrusion gap
h height of seal housing

R percentage of O-ring cross-sectional reduction resulting from diametral stretch
S percentage of inside diameter stretch

SC  O-ring size code from ISO 3601-1

t total radial housing depth

tx approximate radial housing depth

Y maximum run-out tolerance

length of lead-in chamfer
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5 O-ring housings
5.1 Typical O-ring applications

5.1.1 Figure 1 shows a typical O-ring as presented in ISO 3601-1.
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Figure 1 — Typical O-ring configuration

5.1.2 Figure 2 shows the features of an O-ring housing for use in dynamic rod and piston applications.
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Figure 2 — Features of housings for dynamic rod and piston applications
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5.1.3 Figure 3 shows the features of O-ring housings used in static rod and piston applications. It also
shows an example of a face (axial) seal.
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Figure 3 — Features of housings for static rod and piston applications

5.1.4 O-ring housings for face seal applications have different dimensional requirements depending
upon whether the pressure is internal or external to the system. See Figure 4 for illustrations.
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Dimensions in millimetres
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Key
a, ¢ surface roughness; see Table 6

bs bore diameter for piston application; see Table 6

f housing radius; see Table 6
a  Direction of pressure.

NOTE

Tolerancing is in accordance with ISO 8015.

Figure 4 — Illustrations of housings for face seal applications
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5.1.5 Figure 5 shows examples of widths of O-ring housings for use with or without anti-extrusion
rings (back-up rings). Recommendations for the use of anti-extrusion rings are given in ISO 3601-4.

‘b1 bz; b3

<
> B

2 2 %

€3

a) Without anti-extrusion b) With one anti-extrusion c) With two anti-extrusion
rings ring rings

Key
a  Pressure acting in one direction.
b Pressure acting in alternating directions.

Figure 5 — Widths of O-ring housings, for use with or without anti-extrusion rings (back-up rings)

5.2 Surface roughness

5.2.1 The surface roughness of the O-ring housing and any mating part has a significant impact on the
life and sealing performance of the O-ring.

5.2.2 Unless otherwise agreed, surface roughness values shall be in accordance with Table 1. Surface
roughness values of the housings for the O-rings intended for aerospace applications that are specified in
ISO 3601-1 are addressed in Annex A.

5.2.3 Unless otherwise agreed, the material ratio, Ry, should be 50 % to 80 % for surfaces of mating
parts, determined at a cut depth of C = 0,25 Rz, relative to a reference profile line of Cp = 0,05 Ry (see
1SO 4287:1997, 4.5.2).

5.3 Housing dimensions

5.3.1 Figure 6 shows a cross-section of a typical piston housing, illustrating the housing width, by,
housing height, h, the total distance between the sealing surface and the housing height, ¢, the gap between
the sealing elements, g, the edges of undefined shape, f, and the surfaces for which surface roughness
requirements are specified. All of these features have different values depending on the application.
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Dimensions in millimetres
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Key

1 bore

2 Piston

a, ¢, d, e surface roughness; see Table 1

f housing radius; see Table 1

by width of O-ring housing

a No burrs are permitted in this area; the edge shall be rounded.

b Housing diameter d3 < 50: maximum run-out tolerance Y = 0,025;

housing diameter d3 > 50: maximum run-out tolerance Y = 0,05.

NOTE Tolerancing is in accordance with 1SO 8015.

Figure 6 — Dimensions of piston seal housings

5.3.2 Figure 7 shows a cross-section of a typical rod housing, illustrating the housing width, by, housing
height, h, the total distance between the sealing surface and the housing height, ¢, the gap between
the sealing elements, g, edges of undefined shape, f, and the surfaces for which surface roughness
requirements are specified. All of these features have different values depending on the application.
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Dimensions in millimetres
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Key

1 rod

2 bore

a, ¢, d, e surface roughness; see Table 1

f housing radius; see Table 1

by width of O-ring housing

a No burrs are permitted in this area; the edge shall be rounded.

b Housing diameter dg < 50: maximum run-out tolerance Y = 0,025;

housing diameter dg > 50: maximum run-out tolerance Y = 0,05.

NOTE Tolerancing is in accordance with ISO 8015.

Figure 7 — Dimensions of rod seal housings

5.3.3 The latest International Standards for surface roughness measurement require new statements
for roughness requirements. Because of the short measuring length, an exact roughness is not measurable.
In these cases, a visual inspection using master parts is permitted.

5.4 Corners and edges of undefined shape

Values for inside corner edge, f, that depend on the cross-sections of housings and rods are specified
in Table 1. Values for the undefined edge of the housing outside corner are specified in Figures 6 and 7.

5.5 Lead-in chamfer

5.5.1 A lead-in chamfer with an angle of 15° to 20° shall be used to prevent damage to the O-ring
by either the rod or the piston upon assembly into the cylinder bore. Chamfer edges shall be rounded.
Figures 6 and 7 illustrate lead-in chamfers for piston and rod housings, respectively.

5.5.2 Values for the lengths of lead-in chamfers, dimension z, for the cross-sections of housings and
rods are specified in Table 1.
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5.6 Calculation of housing dimensions for radial sealing applications

5.6.1 General

For the basic dimensions of housings for O-rings, see Tables 2 to 5. Dimensions d3 (for piston sealing
applications) and dg (for rod sealing applications) and the depth of the housing apply if the percentage
of effective O-ring cross-sectional compression is within the limits given in Figure 8, depending on the
application and O-ring cross-section.
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a) Hydraulic dynamic applications
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b) Pneumatic dynamic applications
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¢) Hydraulic and pneumatic static applications
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d) Hydraulic and pneumatic axial (face seal) applications
Key
d O-ring cross-section, expressed in millimetres
compression, expressed in percent
1 minimum value
maximum value

Figure 8 — Limits of compression for ISO 3601-1 O-rings

5.6.2 Percent effective compression, C

5.6.2.1 When an O-ring is stretched, its cross-section is reduced and flattened. When installed in the
housing, the cross-section is no longer circular. The percentage that the cross-section is reduced depends
on the percentage, S, that the inside diameter is stretched. For piston applications, S is calculated in

accordance with Formulae (1) and (2):

dy i —d
Smin _ 3, min 1, max %100 (1)
dl,max
d —dq
Smax _ 3, max 1, min %100 (2)
dl,min
For rod applications, S is calculated in accordance with Formulae (3) and (4):
de .. —d
Smin _ 5, min 1, max %100 (3)
dl,max
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d —dq
S max = Z5max Flmin |44, (4)
dl,min

5.6.2.2 The percent of cross-sectional reduction resulting from diametral stretch, R, for an O-ring
whose inside diameter is stretched 0 % to 3 % (inclusive) is calculated in accordance with Formula (5):

R=0,01+1,06(S) - 0,1(S)2 (5)

NOTE Formula (5) is also given in SAE MAP 3440.

EXAMPLE For an O-ring whose inside diameter is stretched 2 %, the percent effective compression is
R=0,01+1,06(2)-0,1 4)
=1,73 %.

5.6.2.3 The percent of cross-sectional reduction resulting from diametral stretch, R, for an O-ring
whose inside diameter is stretched more than 3 % but less than 25 % is calculated in accordance with

Formula (6):
R=0,56 +0,59(S) - 0,0046(5)2 6)

5.6.2.4 The effective cross-section, dp* range for the stretched O-ring is in accordance with

Formulae (7) and (8):

d;,min = d2,min = (Rmax / 100) x d2 min (7)

where Ry ax is calculated according to Formula (5) or Formula (6) using Smax.

Use Smax.

d;,max = d2,max = (Rmin / 100) x d2,max (8)

where Rpyin is calculated according to Formula (5) or Formula (6) using Smin.

Use Smin.

The range in the percent effective compression, C, is in accordance with Formulae (9) and (10):

Cmin = [( dz,min = tmax) / dz,min] x 100 9)
Cmax = [( dz' max - tmln) / dZ,maX] X 100 (10)
NOTE Percent effective compression has been considered in the development of this part of ISO 3601.
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6 Requirements
6.1 Housing dimensions
6.1.1 Housings for piston sealing in hydraulic and pneumatic applications

6.1.1.1 The nominal O-ring inside diameter, d1, should be stretched between 2 % and 5 % for dynamic
applications and 2 % and 8 % for static applications. For O-rings with a diameter d; smaller than 20 mm,
this is not always possible, which can result in a wider range of stretch. To minimize this range and the
maximum stretch, it is necessary to minimize the tolerances of the housing diameter, d3, and have a less
stringent requirement for the minimum O-ring stretch.

In dynamic applications, it is important to keep the maximum stretch to 5 % or less to avoid detrimental
effects on sealing performance.

6.1.1.2 The general housing dimensions and tolerances and housing diameter tolerances are given in
Tables 2 and 3. The depth of the housing, ¢, can be calculated in accordance with Formula (11):

_dy—dy
2

t (11)

6.1.1.3 For the key dimensions related to piston sealing, see Figure 6.

6.1.1.4 Actual housing dimensions for the standard O-rings specified in ISO 3601-1 are given in Table 2.
Housing dimensions for selected metric bore sizes are given in Table 3 along with the suggested standard
O-rings. For other metric bore sizes not given in Table 3, Annex B should be used for guidance to calculate
hardware dimensions.

6.1.2 Housings for rod sealing in hydraulic and pneumatic applications

6.1.2.1 The O-ring outside diameter (d1 + 2d2) shall be at least equal to or larger than the housing
outside diameter, dg, to give interference on the outside diameter. The O-ring outside diameter shall not
exceed 3 % of the housing outside diameter for O-rings with a diameter d; greater than 250 mm, or
5 % for O-rings with a diameter d; smaller than 250 mm. For O-rings with a diameter d; smaller than
20 mm, this is not always possible due to tolerance issues, which can result in a greater outside diameter
interference.

NOTE The calculation is based on the minimum O-ring outside diameter and the maximum housing
diameter, dg.

The general housing dimensions and tolerances, and housing diameter tolerances, are given in Tables 4
and 5. The depth of the housing, ¢, can be calculated in accordance with Formula (12):

_de—ds
2

t (12)

6.1.2.2 For the key dimensions related to rod sealing, see Figure 7.

6.1.2.3 Actual rod housing dimensions for standard O-rings specified in ISO 3601-1 are given in Table 4.
Housing dimensions are not provided for the larger diameter rod sealing applications. In these larger
sizes, use of the ISO 286-2 tolerance system for the hardware with the tolerances for the seals results in
de becoming larger than the O-ring outside diameter, and this condition makes the installation of the seal
impractical based upon the compression requirement stated above. For those situations where a larger-
diameter rod seal is required, special tolerances should be considered. Housing dimensions for selected
metric rods are given in Table 5 along with the suggested standard O-rings. For other metric rod sizes not
given in Table 5, Annex B should be used for guidance to calculate hardware dimensiofyocuments
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