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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote.

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.

ISO 11891 was prepared by Technical Committee ISO/TC 227, Springs.
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INTERNATIONAL STANDARD ISO 11891:2012(E)

Hot formed helical compression springs — Technical 
specifications

1 Scope

This International Standard specifies the materials, shapes, spring characteristics, tolerances, manufacturing 
requirements and test methods for common helical compression springs, which are made from hot coiled 
round section steel bar, and then quenched and tempered (hereinafter simply “springs”).

The following limit values apply to springs conforming to this International Standard:

— free length: ≤ 900 mm;

— spring index: 3 to 12;

— slenderness ratio: 0,8 to 4;

— active coils: ≥ 3;

— spring pitch: < 0,5D;

— wire diameter: 8 mm to 60 mm;

— mean diameter of coil: ≤ 460 mm.

This International Standard is not applicable to coil springs with special performance requirements, such as 
railway and automotive suspensions.

2 Normative references

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

ISO 643, Steels — Micrographic determination of the apparent grain size

ISO 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part 1: Tension/compression 
testing machines — Verification and calibration of the force-measuring system

ISO 18265, Metallic materials — Conversion of hardness values

ISO 26909, Springs — Vocabulary

3  Terms, definitions and symbols

3.1  Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 26909 apply.

3.2  Symbols and units

For the purposes of this document, the symbols and units given in Table 1 apply.

© ISO 2012 – All rights reserved 1
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Table 1 — Symbols and units

Symbol Parameter Unit
D mean diameter of coil mm

De outside diameter of spring mm
d diameter of wire mm

dmax maximum diameter of wire (or bar) mm
F spring load N

Lc solid length mm

L0 free length mm

nt total coils —
R spring rate N/mm
s deflection mm

e1 perpendicularity mm

e2 parallelism mm

4 Material

4.1 Adoption of material

Unless otherwise agreed by the purchaser and the supplier, springs should be made from the material 
conforming to ISO 683-14.

4.2  Diameter and tolerance of bars

4.2.1  Hot rolled bars

The tolerances of the dimensions and shapes of specified hot rolled bars should be according to ISO 1035-4, 
unless otherwise agreed between the purchaser and the supplier.

4.2.2  Bars with cold-worked surface

Tolerances of the dimensions and shapes of cold-worked surface bars (i.e. with cold-drawn, turned, peeled, 
ground or a combination thereof) specified should be as specified in Table 2, unless otherwise agreed between 
the purchaser and the supplier.

Table 2 — Tolerances of steel bars with cold-worked surface
Dimensions in millimetres

Diameter Tolerance
8 ≤ d < 12,5 ± 0,06

12,5 ≤ d < 26 ± 0,08

26 ≤ d < 48 ± 0,10

48 ≤ d ≤ 60 ± 0,15

5  Spring construction

5.1 Direction of helix

Normally, the direction of helix should be right-hand (clockwise). If several springs are to be nested together, the 
direction of helix alternates by spring, with the outside spring usually being in the right-hand direction. If the direction 
of helix of the spring is requested to be left-hand, this requirement shall be indicated on the design drawing.

2 © ISO 2012 – All rights reserved
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5.2  Types of coil end

The usual types of spring coil end are illustrated in Figure 1. If only one type is indicated on the drawings, this 
type shall apply to both ends of the spring; a combination of two coil ends, e.g. the coil end in Figure 1 a) and 
the coil end in Figure 1 b), is possible.

a) Closed end (not ground) b) Closed end (ground) c) Closed end (tapered)

d) Open end (not ground) e) Open end (ground) f) Open end (tapered)

Figure 1 — Types of coil end

6 Spring characteristics

6.1 General

The length at a specified load or the load at a specified length should be agreed between the purchaser and 
the supplier according to 6.2 or 6.3.

6.2  Length at a specified load

If the length at a specified load is required, the deflection under the specified load should be within the range of 
20 % and 80 % of the nominal total deflection. If two or more lengths are required, it should be agreed between 
the purchaser and the supplier.

6.3  Load at a specified length

If the load at a specified length is required, the deflection which corresponds to the specified length should be 
within the range of 20 % to 80 % of the nominal total deflection. If two or more loads are required, it should be 
agreed between the purchaser and the supplier.

6.4 Spring rate

The axial spring rate is the force required to deflect a spring by one unit of length. The axial spring rate should 
be calculated by dividing the difference of loads by the difference of deflections taken at two loaded points 
located at 30 % to 70 % of the total deflection.

7 Tolerances of spring dimensions and characteristics

7.1 General

Three limiting tolerance grades should be applied to spring dimensions and characteristics. These grades 
should be selected independently for each parameter as follows (in 7.2 to 7.9). The calculated tolerances 
should be rounded according to ISO 80000-1.

© ISO 2012 – All rights reserved 3
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7.2 Free length

Whenever the spring characteristics are specified, the free length, L0, is for information only. Whenever the 
spring characteristics are not specified, the tolerances should be ± x % of L0 (free length), subject to the 
minimum absolute value in Table 3.

Table 3 — Tolerances on the free length
Dimensions in millimetres

Grade Grade 1 Grade 2 Grade 3
Tolerances ± 1,5 % of L0, min. ± 2,0 ± 2 % of L0, min. ± 3,0  ± 3 % of L0, min. ± 4,0

7.3 Diameter of coils

For the diameter of coils, D, the outside diameter or inside diameter should be specified according to the uses of 
the springs. Tolerances should be ± x % of D (mean diameter), subject to the minimum absolute value in Table 4.

Table 4 — Tolerances on the outside diameter or inside diameter of coils
Dimensions in millimetres

Grade Grade 1 Grade 2 Grade 3
Tolerance ± 1,25 % of D, min. ± 2,0 ± 2,0 % of D, min. ± 2,5 ± 2,75 % of D, min. ± 3,0

7.4 Total coils

Whenever the spring characteristics are specified, the tolerance on total coils is for reference only. Whenever 
spring characteristics are not specified, the tolerance on total coils should be approximately ±1/4 turn.

7.5  Perpendicularity

Except for springs with end types a and d (see Figure 1), perpendicularity should be measured for both ends, or 
perpendicularity plus parallelism for one end (see 9.3.2, Figure 2). Whenever the spring is standing on any end for 
measurement, the measured result should meet the requirements of this specification, unless otherwise agreed.

For springs with end types b, c, e and f, the perpendicularity should not be more than the limit specified in Table 5.

Table 5 — Tolerances for perpendicularity
Dimensions in millimetres

Grade Grade 1 Grade 2 Grade 3
L0 ≤ 500 2,6 % of L0 3,5 % of L0 5 % of L0

L0 > 500 3,5 % of L0 5 % of L0 7 % of L0

7.6 Parallelism

If perpendicularity for both ends is specified, parallelism shall not be required. For heavy-weight springs, one-
end perpendicularity plus parallelism may be specified (see 9.3.3, Figure 3). Normally the parallelism of the two 
ends is not required for springs with end types a, d (see Figure 1). For springs with end types b, c, e and f, the 
parallelism should not be more than the limit specified in Table 6.

Table 6 — Tolerances for parallelism
Dimensions in millimetres

Grade Grade 1 Grade 2 Grade 3
Tolerance 2,6 % of De 3,5 % of De 5 % of De

4 © ISO 2012 – All rights reserved
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7.7  Irregularity of pitch

For a spring of uniform pitch, whenever 80 % of the total deflection has been compressed, the active coils shall 
not come into contact with each other.

7.8 Solid length

In general, the solid length is not specified. The maximum solid length of springs, Lc, for specified end types 
can be calculated using Formulae (1) and (2)[8]:

a) for spring end type b, e:

L n dc t≤ ( ) ⋅− 0 3, max  (1)

b) for spring end type a, d:

L n dc t≤ +( ) ⋅11, max  (2)

c) the solid length for springs with end type c and f should be agreed between the purchaser and the supplier.

7.9 Tolerances on spring characteristics

7.9.1 General

In general, there are three grades of tolerance based on spring characteristics for different applications.

7.9.2  Tolerances on length at a specified load

Tolerance should be ± x % of s (deflection), subject to the minimum absolute value in Table 7.

Table 7 — Tolerances on length at a specified load
Dimensions in millimetres

Grade Grade 1 Grade 2 Grade 3
Tolerance ± 5 % of s, min. ± 2,5 ±10 % of s, min. ± 5,0 ±15 % of s, min. ± 7,5

7.9.3  Tolerances on load at a specified length

Tolerances should be ± x % of F (spring load), subject to the minimum absolute value in Table 8.

Table 8 — Tolerances on load at a specified length
Units in newtons

Grade Grade 1 Grade 2 Grade 3
Tolerance ± 5 % of F, min. ± 2,5 R ± 10 % of F, min. ± 5 R ±15 % of F, min. ± 7,5 R

7.9.4 Tolerances on spring rate

Tolerances should be ± 10 % of axial spring rate, R. For high accuracy application, ± 5 % R may be specified. 
Other tolerances should be agreed between the purchaser and the supplier.

© ISO 2012 – All rights reserved 5



BS ISO 11891:2012

 

ISO 11891:2012(E)

8  Requirements for manufacturing

8.1 Heat treatment

After hot forming, the springs shall be quenched and tempered.

8.2 Hardness

Unless otherwise agreed, the hardness of springs after heat treatment should be specified according to the 
application condition, material and dimension. The guidance values for tensile strength and hardness for 
quenched and tempered springs and test pieces should be according to the values given in ISO 683-14 and 
ISO 18265. Whenever the hardness range is specified, it should be less than 75 HBW.

8.3  Decarburization

No harmful decarburization is allowed on the surface of springs; in particular, the decarburization of the springs 
under dynamic loading shall be minimized. The depth of decarburization of the spring surface should be agreed 
between the purchaser and the supplier, based on the spring application and the nature of the spring material.

8.4  Grain size

The grain size of the finished spring should be agreed between the purchaser and the supplier.

8.5  Surface conditions

The surface of the springs should not present any defects, such as laminations, grooves, tooling marks, cracks, 
crevices, burning or oxides, which are harmful in use.

8.6  End surface machining

Whenever taper processing and/or grinding is carried out on the portion of the seat of the spring, the length of 
the tapered part or ground part should be approximately of a three-quarters turn, and the thickness of the tip 
end should be approximately one quarter of the diameter of the material.

8.7 Shot peening

Whenever shot peening is required, the process should be determined according to ISO 26910-1. The intensity 
and coverage of shot peening should be as agreed between the purchaser and the supplier.

8.8 Setting (presetting)

Whenever setting is required, the setting conditions should be agreed between the purchaser and the supplier.

8.9  Surface protection

In general, the springs should be coated for temporary corrosion prevention. Whenever specific coatings 
or plating is required for certain environmental conditions, it should be agreed between the purchaser and 
the supplier. If the surface treatment implies a risk of hydrogen embrittlement, an embrittlement-relief heat 
treatment, according to ISO 9588, should be carried out.

9 Test methods

9.1 General

In accordance with the number of lots or the purchaser’s requirements, sampling should be agreed between 
the purchaser and the supplier.

6 © ISO 2012 – All rights reserved
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9.2 Spring characteristics

Measure the spring force using a testing machine calibrated to class 1 of ISO 7500-1 or better.

Compress the spring to the maximum test load of the spring at least once before the inspection of the spring 
characteristics. If the maximum test load is higher than the solid length load, the solid length load shall be 
considered the maximum testing load.

9.3 Dimensions and shapes

9.3.1 Dimensions

The inspection of spring dimensions is carried out by means of direct measurement, a limit gauge or other means.

9.3.2  Perpendicularity

The perpendicularity of the ground or tapered outer spring and end plane, the second coil close to the half 
coil from the end, shall be measured by means of a flat surface and a fixed square, as shown in Figure 2, 
in the no-load state. The maximum deviation from the vertical, whenever the spring is turned through 360° 
around its long axis, shall be defined as the perpendicularity of the spring. If the parallelism measurement is 
not implemented, perpendicularity for both ends should be measured, and the maximum value shall be taken 
as the result.

Figure 2 — Measurement of perpendicularity

9.3.3 Parallelism

If perpendicularity for one end plus parallelism is specified, and in order to measure the parallelism between 
two ends of the spring (as shown in Figure 3), place the springs on the lower plate and measure the largest 
deviation of the upper coil end and the upper plate in a no-load state. If the perpendicularity of both ends is 
tested, the parallelism test is not required.

© ISO 2012 – All rights reserved 7
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Figure 3 — Measurement of parallelism

9.4  Surface conditions

The spring surface conditions should be inspected visually. If specified, magnetic particle testing should be 
agreed between the purchaser and the supplier. The methods and procedures for such an inspection should 
be agreed between the purchaser and the supplier.

9.5 Hardness

The inspection of spring hardness should be performed according to ISO 6506-1; the act of inspection shall be 
not detrimental to the life of the spring.

9.6  Decarburization

The depth of decarburization should be determined according to ISO 3887. The measurement method, the 
number of samples and the sample position should be agreed between the purchaser and the supplier.

9.7  Grain size

The grain size should be determined according to ISO 643. The measurement method, the number of samples 
and the sample position should be agreed between the purchaser and the supplier.

9.8 Shot peening

The intensity and coverage of shot peening should be determined according to ISO 26910-1.

9.9  Surface protection

The test method of surface protection should be agreed between the purchaser and the supplier.

8 © ISO 2012 – All rights reserved

http://dx.doi.org/10.3403/01922476U
http://dx.doi.org/10.3403/02792822U
http://dx.doi.org/10.3403/02768234U


BS ISO 11891:2012

 

ISO 11891:2012(E)

Bibliography

[1] ISO 683-14, Heat-treatable steels, alloy steels and free-cutting steels — Part 14: Hot-rolled steels for 
quenched and tempered springs

[2] ISO 1035-4, Hot-rolled steel bars — Part 4: Tolerances

[3] ISO 3887, Steels — Determination of depth of decarburization

[4] ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method

[5] ISO 9588, Metallic and other inorganic coatings — Post-coating treatments of iron or steel to reduce 
the risk of hydrogen embrittlement

[6] ISO 26910-1, Springs — Shot peening — Part 1: General procedures

[7] ISO 80000-1, Quantities and units — Part 1: General

[8] EN 13906-1:2002, Cylindrical helical springs made from round wire and bars — Calculation and 
design — Part 1: Compression springs

© ISO 2012 – All rights reserved 9

http://dx.doi.org/10.3403/02792822U
http://dx.doi.org/10.3403/01922476U
http://dx.doi.org/10.3403/01930852U
http://dx.doi.org/10.3403/30180570U
http://dx.doi.org/10.3403/02546961


BS ISO 11891:2012
ISO 11891:2012(E)

© ISO 2012 – All rights reserved

ICS 21.160.00
Price based on 9 pages



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	CVP_Secretariat_Loca
	Foreword
	1	Scope
	2	Normative references
	3	Terms, definitions and symbols
	3.1	Terms and definitions
	3.2	Symbols and units
	4	Material
	4.1	Adoption of material
	4.2	Diameter and tolerance of bars
	5	Spring construction
	5.1	Direction of helix
	5.2	Types of coil end
	6	Spring characteristics
	6.1	General
	6.2	Length at a specified load
	6.3	Load at a specified length
	6.4	Spring rate
	7	Tolerances of spring dimensions and characteristics
	7.1	General
	7.2	Free length
	7.3	Diameter of coils
	7.4	Total coils
	7.5	Perpendicularity
	7.6	Parallelism
	7.7	Irregularity of pitch
	7.8	Solid length
	7.9	Tolerances on spring characteristics
	8	Requirements for manufacturing
	8.1	Heat treatment
	8.2	Hardness
	8.3	Decarburization
	8.4	Grain size
	8.5	Surface conditions
	8.6	End surface machining
	8.7	Shot peening
	8.8	Setting (presetting)
	8.9	Surface protection
	9	Test methods
	9.1	General
	9.2	Spring characteristics
	9.3	Dimensions and shapes
	9.4	Surface conditions
	9.5	Hardness
	9.6	Decarburization
	9.7	Grain size
	9.8	Shot peening
	9.9	Surface protection
	Bibliography

