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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. Esch 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, govern- 
mental 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 6931-2 was prepared by Technical Committee ISO/TC 17, 
S teel. 

ISO 6931 consists of the following Parts, under the general title Stainless steels for 
springs : 

- Part 1: Wire 

- Part 2: Strip 

Annex A of this part of ISO 6931 is for information only. 
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INTERNATIONAL STANDARD ISO 6931-2 : 1989 (E) 

Stainless st els fcw sprin 

Part 2: 
Strip 

1 

*I .1 Yhis part of ISO 6931 applies to the grades sf wrought 
stainless steels listed in table 1, which arc currently generally 
used in the werk-hardened csnditisn in the fssm of Strip up ts 
about l,6 mm in thickness, far the prsduction sf springs and 
spring Parts that aae exposed to corrosive effects and 
sometimes slightly increased temperatures (sec annex A, 
clause Al ). 

*II .2 In addition to the steck listed in table 1 I certain of the 
steel grades covered by ISO 683-13 are also used for Springst 
aithough ts a much lesser extent. 

1.3 In addition to this part of ISO 6931 I the general technical 
delivery requirements of ISO 404 are applicable. 

The fsllowing Standard3 c contains provisions which, through 
reference in this text, constitute provisions cf this part cf 
ISO 6931. At the time of pubfication, the editions indicated 
were valid. All Standards are subject ts ~wision, and Parties ts 

agreements based on this part of EO 6931 are encouraged to 
investigate the possibility cf applying the most recent editions 
sf the Standards Iisted betow. Wenabers sf EC and ISO main- 
tain registers 0% currently valid International Standards 

ISO 377 : EXE, Wroebgkt stee% - Seiection and preparation of 
sampks and fest ,pieces. 

ISO 404 : EBI, SteeJ and steei prodsrcts -- Genera6 technical 
dehvery requiremewk 

ISO 683-13 : 1986, Heat-treatabie steels, ailoy steck and free- 
czd tthg s teek - Part 73: Wrough t stain/ess s teek. 

I S Cl 6892 : 1984, Metahk ma teriak - Terxde tes ting. 

ISO 7438 : 1955, Metalic materjak - Bend test. 

T’he purchaser shall state in his inquiry and w-der 

aE the steeI type (sec tabie 1); 

15) the nominal dir-nerxims of the product; 

Table 1 - hemical composition 0-f t e steel kast analysis) 

ChemicaP compositioß l! 
Steel grade 

1) For all grades ~0,045 % hzlm) P and <fl,030 % bnlm} S. 

2) A maximum Cr content of 18,5 % (vu’na) and/or a maximwm Ni content of 9,5 % (rnln~) may Ibe agreed upon at the time of enquiry and order. 

3) Where the corrosion resistance is of particuiar importante, one tan also agree to the delivery of type 20a of ISO 683-13 with the specifications 
of this part of ISO 6931 applicable for steel type X 6 CrNilVlo 17 12 2. I 
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c) the number of this International Standard (ISO 6931-2) ; 

d) the delivery condition (see 4.2.2); 

e) the desired quantity; 

f) the required type of document (sec 5.1.1). 

Example: 

- 2 t Strip of steel X 12 CrNi 17 7 according to ISO 6931-2, 
thickness = 0,80 mm, width = 250 mm, delivery condition 
c2: 

2 t Strip 0,80 x 250 
steel X 12 CrNi 17 7 C2 - ISO 6931-2 

4 Requirements 

4.1 Manufacture of the steel and of the product 

Unless otherwise agreed in the Order, the processes used in 
making the steel and the product are left to the discretion of the 
manufacturer. 

4.2. Delivery 

4.2.1 Delivery form 4.3 Chemical composition 

4.2.1 .l Strip is usually supplied in coils and thin Strip is also 
delivered on spools. Several coils or spools may be assembled 
on a carrier. Unless otherwise agreed in the Order, the choice of 

the delivery form within the context of these specifications is 
left to the discretion of the manufacturer. 

4.2.1.2 Unless otherwise agreed when ordering, cold-rolled 
Strip for springs is delivered with tut edges (CE). After special 
agreement, the Strips tan also be supplied with natura1 edges 
(NE) or with special edges (SE), for example with trimmed or 
rounded edges. 

4.2.2 Delivery condition 

4.2.2.1 The condition in which the Strip is to be delivered shall 
always be specified by the purchaser. 

The delivery conditions possible are those given in table 2. 

In special cases, products may, if this is agreed, also be 
delivered in the treatment conditions given in table A.2 (see 
annex A), which are normally reserved for finished springs. 

4.2.2.2 In the condition “C”, Strip shall be delivered with a 
bright surface. 

Strip of steel type X 7 CrNiAl 17 7 in the condition “solution 
annealed” may be delivered, depending on the manufacturer’s 
choice, with a bright annealed or a pickled surface. 

4.3.1 The Chemical composition of the steels, as given by the 
cast analysis, shall be in accordance with the specifications in 
table 1. 

Table 2 - Tensile strength of Strip in the spring-hard rolled condition (C) and additionally 
for steel X 7 CrNiAl 17 7 in the Solution annealed condition 

Tensile strength for a Strip thickness, in millimetres 1) 2) 3) 

Steel grade 
designation 

Delivery 
condition 

from 0,l 
up to 0,25 i “t”o” 1 :;;Fi 1 aupovt:l~ 1 ,PT:Yii:) 

X 5 CrNi ‘l8 10 C 1 350 to 1 550 1 250 to 1 450 1150to 1350 1 050 to 1 250 1 000 to 1 200 

Cl 1 700 to 1 900 1 600 to 1 800 1 500 to 1 700 1 400 to 1 600 1 350 to 1 550 
X 12 CrNi 17 7 

c2 2 000 to 2 200 1900t02100 1 750 to 1 950 1 650 to 1 850 1 550 to 1 750 
__-~-~ 

X 6 CrNiMo 17 12 2 C 1 300 to 1 500 1 200 to 1 400 1100t01300 1 000 to 1 200 950tol 150 

C 1 600 to 1 800 1 550 to 1 750 1 450 to 1 650 1 300 to 1 500 1100t01300 
X 7 CrNiAl 17 7 

Solution 
annealed 800 to 1 000 

11 After any necessary flattening, the tensile strength is slightly Iower. 
compensated for’. 

By tempering and artificial ageing, the reduction in strength tan be 

2) For Strip with a high deformation stress, lower tensile strength values may be agreed upon. 

3) See also 4.4.2. 

4) For greater thickness, the tensile strength values shall be agreed upon. 
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4.3.2 The permissible deviation between the values specified 
in table 1 and the product analysis are given in tabie 3. 

Table 3 - Permissible deviations of the product analysis 
from the limiting values for cast analysis in table 1 

Permissible maximum content 
Element in the cast analysis 

Permissible 
deviation 1) 

c 

C c < 0,12 + 0,Ol 

Si CG l,o + 0,05 
l,o < c < 1,5 +O,lO 

Mn CG l,o + 0,03 
l,o < c < 2,0 + 0,04 

P c < 0,045 + 0,005 

S c < 0,030 + 0,005 

Al 0,75 < c < 1,50 +0,10 

Cr 16,0 < C <19,0 f: 0,20 

Mo C < 0,80 z!I 0,05 
2,0 < C < 2,5 +0,10 

Ni 6,0 < C < 10,O +0,10 
10,o < c < 13,5 +0,15 

1) For a cast the deviation of an element in the product analysis 
may be only below the minimum or only above the maximum value 
of the range specified for the cast analysis, but not both at the 
same time. 

4.4 Mechanical properties 

4.4.1 For the tensile strength of spring-hard rolled Strip, the 

ISO 6931-2 : 1989 (El 

4.4.2 Regardless of the mass of the coil or spool, the max- 
imum differente in tensile strength between the two ends of a 
coil or spool shall be 100 Nlmm2 (sec also 5.2). 

4.5 Technological properties, surface condition 
and inner soundness 

4.5.1 Technological properties and surface condition 

4.5.1.1 The Strip shall have adequate bending ability. Unless 
otherwise agreed, the reference data given in table 4 apply. 
Cracks visible with the naked eye are not permitted. 

4.5.1.2 The surface of the Strips shall be bright and metal- 
lically clean, but oil films from cold-rolling do not justify 
reclaims. Pits, grooves, scars and scratches are only permitted 
to the extent that they do not impair the Performance of the 
spring. See also 4.5.1.1 and annex A, clause A.6. 

4.5.1.3 If, for Strip which is intended for high-duty springs, 
the requirements according to 4.5.1.1 and 4.5.1.2 arc not suf- 
ficient, particular agreements shall be met at the time of inquiry 
and Order. 

4.5.2 Inner soundness 

The products shall be free from internal defects that could 
impair their application to a more than negligible extent. Tests 
appropriate for an assessment of the internal characteristics 
shall be agreed upon at the time of ordering. 

4.6 Dimensions and dimensional tolerantes 

The dimensions and the tolerantes allowable on dimensions 
shall be stated in the Order as long as there are no International 

data in table 2 apply. Standards to cover them. 

Table 4 - Reference datal) for the bending abilityz) of Strip 

Steel grade 
designation 

0,l to o,fao above 050 to 675 above 0,75 to 0,931 

For a direction of the axis of bend 

transverse / longitudinall transverse 1 longitudinal1 transverse / longitudinal 

to direction of rolling 

Cl <2,5 Gll <2,5 GI1 <3,5 
X 12 CrNi 17 7 

c2 < 3,5 Cl3 <5 Cl3 G5 

X 6 CrNiMo 17 12 2 C <3,5 &13 < 4,5 GI4 < 4,5 

X 7 CrNiAl 17 7 C <7 <20 <7 <20 <7 

1) At present, unless otherwise agreed, the value shall be regarded as reference data until more safe experiences are available. 

2) Bending ability r-b (r = mandrel radius, 6 = Strip thickness). 

3) For greater Strip thicknesses, no values tan as yet be given. 

3 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 6931-2:1989
https://standards.iteh.ai/catalog/standards/sist/a8e72815-984c-48e6-9ce1-

33dfa65c9f94/iso-6931-2-1989



ISO 6931-2 : 1989 (E) 

5 Testing 5.3 Selection and preparation 

5.1 Agreement on tests and documents 5.3.1 General 

5.1.1 For each delivery, the issue of any 
to ISO 404 shall be agreed upon at the 
Order. 

document according 
time of inquiry and 

5.1.2 If, in accordance 
spection is to be carried 
5.4 shall be observed. 

with such an agreement, specific in- 
out, the specifications given in 5.2 to 

5.2 Number of tests 

The data in table 5 apply for the composition of test units and 
for the number of tests per test unit, subject to the following 
exception for tensile strength. 

If proof of uniformity of tensile strength (in accordance with 
4.4.2) is agreed upon at the time of ordering, a test piece shall 
be taken from both ends of each coil or spool. If, from one coil 
of hot-rolled material, several coils or spools of cold-rolled Strip 
are produced and if these are numbered in sequence, it is only 
necessary to take a test piece from the beginning of each con- 
secutively produced coil or spool. 

The general conditions given in ISO 377 for the selection and 
preparation of samples and test pieces shall apply. 

5.3.2 Product analysis 

For product analysis, the selection and preparation of samples 
shall be carried out in conformity with the requirements of 
ISO 377. 

5.3.3 Tensile and bending tests 

The test pieces for the tensile test and the bending test shall be 
taken in accordance with figure 1 and prepared in accordance 
with ISO 6892 and 5.4.2.2 respectively. 

5.4 Methods of test 

5.4.1 Chemical analysis 

In cases of dispute, the methods used for Chemical analysis 
shall be those established by the relevant International Stan- 
dards. If no International Standards are available, the methods 
shall be agreed upon at the time of inquiry and Order. 

Table 5 - Test units and amount of testing during acceptance tests 

Quality requirementl) 

Product analysiss) 

Tensile test without checking 
the uniformity of tensile 
strength 

Test unit 

Cast 

Cast and 
production batchs) 

products per 
test unit 

4) 

1 per 10 coils 
or spools 

or part thereof 

Number of 

samples per 
product 

1 
-~ 

1 

test pieces 
per Sample 

1 

1 

Tensile test for checking 
the uniformity of tensile 

Cast and 
0 6) 6) 6) 

strength 
production batch5) 

Bending ability 
Cast and 

0 production batchs) To be agreed when ordering 

1) If other tests arc required, for example for the determination of the modulus of elasticity, this shall be agreed when ordering. 

2) m = the test shall be carried out in each case; 

0 = the test shall be carried out only if agreed when erdering. 

3) If no product analysis is ordered, the Chemical composition according to the cast analysis shall be given by the manufacturer for the elements 
listed in table 1. 

4) Unless otherwise agreed when ordering, one test piece shall be taken per cast. 

5) The production bat& is defined as the quantity of product subjected to the same heat-treatment conditions and having the same cross- 
sectional reduction. 

6) See 5.2. 
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5.4.2 Tensile and bending tests 

5.4.2.1 The tensile test shall be carried out in accordance with 
ISO 6892. 

5.4.2.2 By analogy with the process of spring manufacture, 
to check the bending ability, a test Strip, if possible 20 mm in 
width, is bent through 90’ under a press around a mandrel with 
a radius matched to the thickness of the test piece (sec table 4). 
Bending is carried out perpendicularly to the longitudinal axis 

of the test piece, i.e. transverse to the direction of rolling in the 
case of longitudinal test pieces and parallel to the direction of 
rolling in the case of transverse test pieces. 

In addition, the general specifications in ISO 7438 apply. 

6 Complaints 

The conditions for dealing with complaints laid down in 
ISO 404 shall apply. 

Dimensions in millimetres 

Outer Strip edge 

1 t 

20<b<40 1 
. 

----_ --- -_-B- 
b 

/ 
< d 

4Ocbc60 

Iz 

6OGb : .- 

\ 0,25b A A< 

o+ d -p---y mf -- B . 
1 1 

----_---_------~---~--- 

1’ 

-0 f! b 

Z Of ----- 

cV+ 

--- 

l 

_/201_ 
* x bw 150 

Key : 

A Bending test piece, as far as possible with a width of 20 mm. 

B Longitudinal test piece for bending transverse to rolling direction. 

C Transverse test piece for bending parallel to rolling direction. 

x In cases of dispute, the samples shall be taken at a distance of at least one lap from the inner or outer end of the coil. 

Z Tensile test piece, for example a test piece having a gauge length of L, = 80 mm and a width of 20 mm, as specified in ISO 6892. 

Figure 1 - Test pieces 
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Annex A 
(informative) 

Additional information 

A.1 Indications for classification of steel A.2 Alteration of tensile strength by 
grades tempering or artificial ageing 

Depending on stress, the maximum temperature of use of the 
steels X 5 CrNi 18 10 and X 12 CrNi 17 7 may be between 120 *C 
and 250 *C. If greatest resistance to corrosion is required for 
one of the steeis covered by this part of ISO 6931, the 
austenitic steel X 6 CrNiMo 17 12 2 may be used, also depen- 
ding on stress for a maximum temperature of use between 
120 *C and 250 *C. The maximum temperature of use of 
the precipitation-hardenable austenitic-martensitic steei 
X 7 CrNiAi 17 7 may be between 250 *C and 300 *C depending 
on stress. This steei has a high fatigue strength and an in- 
creased strength at eievated temperatures, but a reduced 
resistance to corrosion. 

The four grades of steei have siightly different values for the 
modulus of eiasticity, determined on longitudinai test pieces, 
and for the shear moduius (see tabie A. 1). lt should be taken 
into account that with increasing temperature the vaiues of the 
modulus of elasticity and the shear modulus decrease. 

A.2.1 Tempering or, in the case of steei X 7 CrNiAi 17 7, 
artificial ageing as indicated in tabie A.2 will increase tensile 
strength vaiues as compared with the spring hard-drawn condi- 
tion. A treatment of this kind will also remove the processing 
Stresses produced by the spring forming. 

Consequently, final tempering or precipitation hardening of the 
finished springs is a basic recommendation. Reference data on 
the increase in tensile strength which tan be achieved after 
tempering or artificiai ageing are given in figure A.1, 

A.2.2 The Solution-annealed condition of steel X 7 CrNiAl 17 7 
tan be converted into a harder condition by means of a double 
heat treatment after processing into springs (sec figure A.2 and 
tabie A.2), but this condition will not be as hard as cold-worked 
material that has been given an appropriate heat treatment. 

Iable A.-S - Heterence aata tor the modulus ot elasticsty and rigidity (mean values) 1) 2) 3) 

Steel grade condition 
condition C c + T4’ 

kN/mm2 

---~ 
X 7 CrNiAl 17 7 195 200 73 78 

1) The reference data for the modulus of elasticity are applicable to measurements on longitudinal tensile 
test pieces for a mean tensile strength of 1 800 N/mm 2; for a mean tensile strength of 1 300 N/mm2, the 
values are 6 kN/mm2 lower. Intermediate values may be interpolated. 

2) The reference data for the modulus of rigidity are applicable to wires with a diameter < 2,8 mm for 
measurements by means of a torsion pendulum for a mean tensile strength sf 1 800 N/mm? For a mean ten- 
sile strength of 1 300 N/mm 2, the values are 2 kN /mm2 lower. Intermediate values may be interpolated. 
Values ascertained by means of an Elastomat are not always comparable with values ascertained by means 
of a torsion pendulum. 

3) For the finished spring, lower values may be ascertained. Therefore, Standards for calculation of springs 
may specify values different from those given here on the basis of measurements of wire. 

4) See table A.2, figure A.l and table 3. 
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A.3 Physical properties A.5.2 Heat treatment 

Reference data for the moduius of elasticity and shear moduius 
are given in table A.1 m A.5.2.1 Tabie A.2 contains reference data on heat treatment 

to be carried out on finished springs in Order to achieve suitabie 
strengths and elastic properties. in speciai cases, modified heat 
treatments, to be determined by practical triais, will be 
necessary to meet specific requirements. A.4 Magnetit properties 

it shouid be noted that, depending upon Chemical composition 
and treatment condition, these steeis have some degree of 
magnetic permeability. 

A.5 Guidelines for processing and heat 
treatment 

A.5.1 Processing 

Forming is carried out by coid deformation. Therefore, account 
has to be taken of the fact that the deformabiiity of spring-hard 
coid-worked Strip is limited. Depending on the forming re- 
quirements, a iower tensiie strength may be agreed upon when 
ordering (sec footnote 2 to table 3). 

if greater forming is required, the possibility of supplying Strip 
made of steei X 7 CrNiAi 17 7 in the soiution-annealed condition 
should be noted. lt is recommended that this be discussed with 
the manufacturer. 

A.5.2.2 The springs should be thoroughiy cleaned before 
heat treatment. If the colours produced by heat treatment are 
not permissibie for visuai or corrosion-resistance reasons, the 
heat treatment may be carried out in a protective atmosphere, 
or a suitabie cieaning process may be used which does not im- 
pair the spring properties. 

A.5.3 Peening with globular abrasives 

if the springs are to be peened, care should be taken that the 
peened surface is not adverseiy affected, for exampie by using 
stainiess grit. 

A.6 Mean surface roughness 

The surface quality of Strip is characterized by an approximate 
value for the mean surface roughness R, < 0,6 Pm. 

Table A.2 - Reference data for heat treatment of springs made of stripl) (sec also A.5.2) 

Steel grade 
designation 

Artificial ageing 

X 7 CrNiAl 17 7 

1) See the classification of the tensile strength data in table 2 and figures A.l and A.2. 

2) The Optimum tempering conditions may be very different. The spring manufacturer shall choose the tempering conditions answering the 
purpose; see also A.5.2.1. 

3) Artificial ageing. 

4) With the exception of Strip less than approximately 0,15 mm in thickness, the properties that tan be achieved arc largely independent of the 
dimensions of the product. 

For very thin Strip, a second heat treatment only produces a relatively small increase in tensile strength. 

5) Lower maximum temperatures may be suitable if it is attempted to obtain a higher tensile strength range than that indicated in figure A.2. 
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