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ISO 100596:1994(E) Q ISO 

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, 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. 

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. 

International Standard ISO 1005-6 was prepared by Technical Committee 
lSO/TC 17, Steel, Subcommittee SC 13, Railway rolliing stock material. 

This second edition cancels and replaces the first edition 
(ISO 10056:1982), of which it constitutes a technical revision. 

ISO 1005 consists of the following Parts, under the general title Railway 
rolling stock material: 

- Part 1: Rough-rolled tyres for tractive and trailing stock - Technical 
delivery conditions 

- Part 2: Tyres, wheel centres and tyed wheels for tractive and trail- 
ing stock - Dimensional, balancing and assembly requiremen ts 

- Part 3: Axles for tractive and trailing stock - Quality requirements 

- Part 4: ßolled or forged wheel centres for tyred wheels for tractive 
and trailing stock - Quality requiremen ts 

- Part 6: Solid wheels for tractive and trailing stock - Technical de- 
livery conditions 

- Part 7: Wheelsets for tractive and trailing stock - Quality require- 
ments 

- Part 8: Solid wheels for tractive and trailing stock - Dimensional 
and balancing requiremen ts 

- Part 9: Axles for tractive and trailing stock - Dimensional require- 
ments 

Annex A forms an integral patt of this part of ISO 1005. Annex B is for 
information only. 
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0 ISO ISO 1005=6:1994(E) 

Introduction 

This second edition of ISO 1005-6 is the result of the efforts of 
ISO/TC 17/SC 13 to harmonize and rationalize further the differing regional 
and national practices of the technical delivery conditions for solid wheels 
for railway rolling stock. 

In the negotiations for this purpose the following topics, in particular, were 
discussed: 

- the selection of steel type; 

- the heat-treatment condition; and 

- the requirement and testing categories (see the following Paragraph). 

Although the term “requirement and testing category” is correct, for easy 
reference the term “testing category” is used in this part of ISO 1005. 

During negotiations on the selection of steel types, it was intended to re- 
tain only four or five different steel grades and to harmonize these with 
those quoted in other International Standards. However, this has not yet 
been fully achieved, in particular for the direct-hardening steels in 
ISO 683-1, and for the time being the established grades will be retained. 
The specifications for the composition of similar grades were aligned with 
one another. 

With reference to the selection of heat-treatment conditions, the Chosen 
concept was to make full use, as far as possible, of the properties inherent 
in the individual steel grades. Consequently, for all grades the rim 
quenched and tempered condition (T) and the normalized conditon (N) may 
be agreed upon. The immersion quenched and tempered condition (E)l) 
was of decreasing importante and is only retained for special cases (see 
table 1, footnote 13). 

The considerations referring to testing categories are covered in note 1 in 
1 .l, together with those on tolerante categories. 

1) The Symbol E may be changed at a later date. 

V 
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INTERNATIONAL STANDARD 0 ISO ISO 1005=6:1994(E) 

Railway rolling stock material - 

Part 6: 
Solid wheels for tractive and trailing stock - Technical 
delivery conditions 

1 Scope 

1.1 This part of ISO 1005 specifies requirements for 
the manufacture and supply of rolled, forged or cast 
solid wheels of unalloyed steels for tractive and trail- 
ing stock in accordance with table 1 and clause 4. 

NOTE 1 The compilation of an International Standard for 
material, testing and dimensional requirements of wheelset 
components and assembled wheelsets is difficult because 
of the different ways in which railways have developed, in 
both the commercial and operating sense, in various Parts 
of the world. These different forms of development are 
characterized, for example, by railway Systems in which 
freight Services are integrated with intensive and perhaps 
high-speed passenger Services and by Systems largely 
dedicated to the haulage of freight. The infrastructures of 
these two Systems are normally different, and this and 
commercial policy tan determine the practice adopted by 
them in wheelset design in terms of materials and geo- 
metrical characteristics. 

The relevant Parts of ISO 1005 acknowledge, or will in a 
future revision acknowledge, these differentes by providing 
in the relevant clauses two categories of material and re- 
lated quality testing requirements designated as testing 
categories A and B and two tolerante categories for di- 
mensional requirements designated as Y and Z. 

The most obvious differente between categories A and B 
is that the mechanical properties are specified 

- in the case of category A, on the basis of tensile and 
impact tests; 

- in the case of category B, on the basis of hardness 
tests. 

The differentes between the values of the tolerante cat- 
egories Y and Z are given 

- for solid wheels in ISO 1005-8:1986 (see especially table 
4); 

- for wheelsets in ISO 1005-7. 

Until now, within ISO/TC 17/SC 13, it was possible to clarify 
in detail the conditions under which one or the other testing 
and tolerante category is preferable. As a general guide it 
shall, however, be noted 

- that the combination of testing category A with toler- 
ante category Y is usually applied on railway Systems 
where frequent or high-speed passenger Operation is 
predominant; 

- that the combination of testing category B and tolerante 
category Z is usually applied on railway Systems where 
freight Operation is predominant; and 

- that the final combination of the categories shall be left 
to the discretion of the purchaser. 

1.2 In addition to this part of ISO 1005, the require- 
ments of ISO 404 are applicable. 

2 Normative references 

The following Standards contain provisions which, 
through reference in this text, constitute provisions 
of this part of ISO 1005. At the time of publication, the 
editions indicated were valid. All Standards are subject 
to revision, and Parties to agreements based on this 
part of ISO 1005 are encouraged to investigate the 
possibility of applying the most recent editions of the 
Standards indicated below. Members of IEC and ISO 
maintain registers of currently valid International 
Standards. 

1 
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ISO 1005=6:1994(E) 0 ISO 

ISO 83: 1976, Steel- Charpy impact test (U-notch). f) the degree of finish and the tolerante categoty 
(see 4.4 and 4.5). 

ISO 377-1 :1989, Selection and preparation of samples 
and test pieces of wrought steels - Part 1: Samples 
and test pieces for mechanical test. 

Certain alternatives are permitted, and the purchaser 
may therefore state the following in his enquiry and 
Order: 

ISO 377-2: 1989, Selection and preparation of samples 
and test pieces of wrought steels - Part 2: Samples 
for the determination of the Chemical composition. 

g) if, for wheels to be delivered in the normalized or 
quenched and tempered condition, lower 
phosphorus and Sulfur contents are required (see 
table 1, footnote 4); ISO 404:1992, Steel and steel products - General 

technical delivery requiremen ts. 
h) if the tape size shall be measured and marked 

(see 5.6 and 7.8.4); ISO 1005-8:1986, ßailway rolling stock material - 
Part 8: Solid wheels for tractive and trailing stock - 
Dimensional and balancing requiremen ts. i) if any special marking is required (see 5.6); 

lSO/rR 4949:1989, Steel names based on letter sym- 
bols. 

j) if, for cast wheels, any specific manufacturing 
process is required (see 6.2.2); 

ISO 4960: 1986, Cold-reduced carbon steel Strip with 
a carbon content over 0,25 %. 

k) if shot peening is required (see 6.8); 

1) whether optional tests and Checks shall be carried 
out and, if so, which ones (see table 2), together 
with the following additional information: 

ISO 5948: 1994, ßailway rolling stock material - UI- 
trasonic accep tance tes ting. 

ISO 6506:1981, Metallic materials - Hardness test 
- Brinell test. 

- in the case of hardness Survey tests: whether 
the total wear depth is other than 35 mm (see 
7.7.3.4); 

ISO 6892: 1984, Metallic materials - Tensile testing. 
- in the case of static balancing tests: whether 

the amount and Position of residual imbalance 
shall be marked (see 5.6) and whether, in the 
case of trailing stock, methods of correction 
other than those specified in 6.6 may be ap- 
plied; 

ISO 6933: 1986, ßailway rolling stock material - 
Magne tic particle accep tance tes ting. 

lSO/rR 9769:1991, Steel and iron - ßeview of avail- 
able methods of analysis. 

ISO 10474:1991, Steel and steel products - In- 
spection documents. 

m) if optional dimensional Checks are required and, if 
so, the number of wheels to be inspected (see 
table 2, footnote 8); 

n) if, for the inspection of the manufacture and vari- 
ous quality requirements, the responsibility shall 
be other than that specified in 7.1 .l, last para- 
gwh; 

3 Information to be supplied by the 
purchaser 

o) if protection against corrosion is required and, if 
so, the method to be used (see 8.1). The purchaser shall supply the following information 

in his enquity and Order: 
NOTE 2 The specific clauses or Parts of clauses, or the 
requirements in tables 1 and 2, which leave a choice be- 
tween two or more alternatives open for an agreement 
asked for by the purchaser at the time of enquiry and Order 
are marked in italics. If no such agreement is made, the al- 
ternative indicated as normal shall apply. 

a) the number of this part of so 1005; 

and table 1); 

(see 4.2 and 6.5); 

b) the grade of steel (see 4.1 

d the type of heat treatment 

d) the testing category (see 4.3 and 7.3.1); 

e) the dimensions of the wheel (see 5.4); 
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0 ISO 

4 Classification 

The solid wheels are classified according to the grade 
of steel, the heat-treatment condition on delivery, the 
testing category, the degree of finish, the tolerante 
category and any optional requirements [see items 
g) to 0) of clause 31. 

4.1 Grades of steel 

This patt of ISO 1005 covers the following grades of 
steel in accordance with 
table 1: 

a) 

b) 

rolled or forged wheels: C grades of table 1; 

cast wheels: GC grades of table 1. 

the properties given in 

4.2 Types of heat-treatment condition on 
delivery 

Depending on the 
wheels are supplied 

agreements of the Order, the 

a) normalized or normalized and tempered (Symbol 
N); or 

b) rim quenched and tempered*) according to 6.5.2 
(Symbol T)3) . 

In special less critical cases, forged or rolled wheels 
tan also be delivered untreated (no Symbol). In this 
case, the mechanical properties are to be agreed at 
the time of enquity and Order. 

In special cases, immersion quenched and tempered 
wheels may also be supplied (Symbol E, see second- 
last Paragraph of the introduction). 

4.3 Testing category 

Wheels may be supplied according to testing cat- 
egories A and B (for details see note 1 in 1 .l and 
table 2). 

4.4 Degree of finish 

See ISO 1005-8 for definitions of “unmachined”, 
“rough machined”, “half finished”, “finished” and 
“ready for assembly”. 

ISO 1005-6:1994(E) 

4.5 Tolerante category 

See ISO 1005-8 and the note 1 in 1 .l. 

5 Requirements 

5.1 Chemical composition 

5.1.1 The Chemical composition of the wheels shall 
comply with the requirements given in table 1. 

5.1.2 Unless otherwise agreed, the requirements for 
the results of the product analysis, shall be considered 
to be complied with when the results of the cast 
analysis are in accordance with the relevant specifi- 
cations in table 1. 

5.2 Mechanical properties 

The mechanical properties of the wheels shall comply 
with the requirements given in table 1. 

5.3 Appearance and soundness 

5.3.1 General 

5.3.1.1 The wheels shall be Sound throughout and 
without any defects detrimental to their use. 

5.3.1.2 Those portions remaining black (unma- 
chined) shall blend smoothly into any machined 
portions. 

The finish of the machined surfaces shall, unless 
otherwise specified in the Order or its appended 
documents, be in accordance with ISO 1005-8. 

5.3.2 Acceptance Standard for magnetic particle 
test 

When magnetic particle testing according to ISO 6933 
is required (see table 2), the evaluation of magnetic 
particle discontinuity indications shall be based on an 
acceptance Standard that is agreed upon when order- 
ing. As far as possible, the Position, shape, size, 
orientation and distribution of the discontinuities, and 
the semice conditions for which the wheel is pro- 
vided, shall be taken into account. 

2) In the first edition of ISO 1005-6:1982, this heat-treatment condition was covered under the term “surface treated”. The 
term “tread hardened” is also frequently applied to this condition. 

3) The Symbol T may be changed at a later date. 
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ISO 1005=6:1994(E) 0 ISO 

5.3.3 Acceptance Standard for uitrasonic 
acceptance tests 

When ultrasonic acceptance tests are required (see 
table2), the acceptance Standard specified in 
ISO 5948 shall apply, unless otherwise agreed at the 
time of enquiry and Order. 

5.4 Machining allowances and dimensional 
tolerantes 

For the machining allowances and dimensional toler- 
ances, see ISO 1005-8. 

5.5 Residual imbalance 

When the residual imbalance is to be checked (see 
table2), the results shall cons f 
of ISO 1005-8 and the imba 
accordance with 5.6. 

orm to the requirements 
ante shall be marked in 

5.6 Marking 

Esch wheel shall be supplied with marks 
in the Order or its appended documents. 

8s specified 

Unless otherwise specified, each wheel shall receive 
the follo wing marks: 

a) manufacturer’s mark; 

g) the tape size, if this is to be measured (see 
7.8.4). 

Unless otherwise specified, the Position and type of 
the marks shall be as follows (for examples, see fig- 
Ures ? and 2). 

The marks pertaining to a) to e) shall, in the case of 
stamping, be made on a face of the hub! unless 
otherwise specified in the Order. Stamps with acute- 
angled Character forms shall not be used (see 6.4). In 
the case o f cast wheels, the marks pertaining to a) to 
d) may be cast and the inspector’s mark stamped on 
the back (i.e. on the inside) of the web. 

If static balancing tests were agreed upon at the time 
of enquiry and Order, the Position of the imbalance 
shall be indicated by suitably coloured paint in a radial 
stripe of about 15 mm width. When required, the im- 
balance value shall be given, in gram metres by 
painted numbers below the end of the stripe. 

If measurement of the tape size has been agreed 
upon at the time of enquiry and Order, the tape size 
shall be clearly painted on the web and in characters 
at least 25 mm in height. 

The surfaces of the wheel shall not have any marks 
in positions other than those specified in the Order or 
its appended documen ts. 

b) cast number, or a serial number 
iden tified with the specific cas t; 

which tan be 

6 Manufacture 
c) grade of steel and heat-treatment condition (see 
4.2), including, if required, the testing andlor tolerante 
ca tegory; 

d) 
of 

date of 
the year 

manufacture (month and last two 
of manufacture); 

e) 

figures 

the inspector’s mark, if the wheel is in accordance 
with 7.9; 

f) if the static imbalance is to be checked (see 
table2); the Position of imbalance and, if it is speci- 
fied, the value of the residual imbalance; 

6.1 Steelmaking process 

The wheels shall be made from steel produced by 
basic-Oxygen, open-hearth, or electric-arc processes; 
other processes may be used by agreement between 
the manufacturer and the purchaser. 

The steel shall be killed in the furnace or in the ladle 
and shall be bottom-poured or continuously cast, un- 
less otherwise agreed. STANDARDSISO.C
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ISO 1005=6:1994(E) 

Manufacturer’s mar k 

Cast number 

Grade of steel and 
heat-treatment condi 

Month 

Year 

Inspector’s mark 

Figure 1 - Example for marking of rolled, forged or cast wheels by stamping (see 5.6) 

Grade of steel and 
heat-treatment condition 

// /-H-l -\ / \ / \\ \ 
Cast number 

Manufacturer’s mark 
’ r\ 3A&-insp 

ector’s mark 

Figure 2 - Example for alternative marking of cast wheels with cast-on characters (see 5.6) 
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ISO 1005=6:1994(E) 0 ISO 

6.2 Manufacturing process 

6.2.1 Rolled or forged wheels 

Rolled or forged wheels shall be manufactured from 
ingots or blooms capable of producing two or more 
wheels after removal of discards. Special individual 
ingots may only be used with the Prior agreement of 
the purchaser. Cropping and dressing shall be suf- 
ficient to eliminate Unsound sections of the ingot (see 
also 6.3). 

The sections of ingots or blooms shall be forged, 
pierced and rough shaped by a hammer or press. 
They shall be finally shaped by rolling or by die forging 
supplemented by sizing if necessary. 

Suitable precautions shall be taken during hot-working 
in Order to avoid darnage of the material by excessive 
grain growth and by other defects caused by over- 
heating. 

NOTE 3 For the above purpose, the hot-working tem- 
peratures and the holding times at these temperatures 
should not be excessive. As a guideline, hot-working should 
not be done at temperatures above 1 260 “C and should 
terminate between 850 “C and 1 000 “C. 

After forging or rolling, and, where applicable, sizing 
and stamping the identification marks, the wheels 
shall be left to cool. If the steel has not been 
degassed, suitable precautions, which may include for 
example slow cooling, shall be taken to avoid the for- 
mation of flakes (hydrogen cracking). 

6.2.2 Cast wheels 

Cast wheels shall be manufactured by pouring metal 
into moulds shaped to produce the wheel contour re- 
quired, in accordance with a process acceptable to the 
purchaser and taking into account the requirements 
of ISO 1005-8. The upper part of the mould shall have 
risers, to feed metal back into the wheel during 
solidification and to produce a Sound casting. 

Cast wheels shall be permitted to cool in the moulds 
until they have solidified completely. Following re- 
moval of the mould, suitable precautions shall be 
taken to ensure that the wheels are not damaged by 
cooling too rapidly. lf the steel has not been 
degassed, suitable precautions, which may include for 
example slow cooling, shall be taken to avoid the for- 
mation of flakes (hydrogen cracking). 

6.3 Removal of defective sections 

Defective sections which do not comply with the 
soundness characteristics specified in 5.3 shall be re- 
moved before or during the manufacture of the 
wheels. 

6.4 Identification of the wheels during 
manufacture 

All ingots, sections and wheels shall be suitably 
marked at each Stage of manufacture so that, before 
delivery, each wheel tan be identified as specified in 
5.6. Where punched identification marks differ from 
the final identification marks defined in 5.6, they shall 
be sufficiently shallow not to remain visible on the 
finished wheel. 

6.5 Heat treatment 

6.5.1 The wheels shall undergo the heat treatment 
specified in the Order or its appended documents (see 
4 2) . . 

6.5.2 Wheels to be rim quenched and tempered (T) 
or immersion quenched and tempered (E) shall be 
uniformly reheated to the correct temperature to re- 
fine the grain structure, and then the rims shall be 
quenched. Following quenching, the wheels shall be 
placed in a furnace for tempering to meet the re- 
quirements of table 1, and subsequently cooled under 
controlled conditions. 

6.6 Machining and correction of imbalance 

The conditions for machining shall be Chosen so that 
the wheels comply with the requirements for surface 
quality and tolerantes in 5.3 and ISO 1005-8. 

Unless otherwise specified, correction of imbalance 
shall be obtained by turning off the centre sf the fillet 
between the web and the rim, on the flange side (see 
figure 3). The thickness sf the metal removed shall not 
exceed 4 mm, and the dressed surface shall be care- 
fully blended into the adjacent surfaces and comply 
with the requirements for surface roughness in 
ISO 1005-8. 

Under no circumstances may additional weights be 
attached. 

Drilling of holes for balancing is not permitted for 
wheels of tractive stock. Prior agreement by the pur- 
chaser shall be obtained if this method of balancing is 
to be used for wheels for trailing stock. 
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Dimensions in millimetres 

Figure 3 - Example for correction of imbalance 

6.7 Removal of surface defects 

6.7.1 Authorized repairs 

With the exception of finished sections on which no 
retouching is authorized, superficial defects may be 
eliminated Prior to static balancing and shot peening 
by chipping or machining or by soft grinding, provided 
that no heat cracking is produced, that the dimen- 
sional tolerantes are maintained, and that the dressed 
surface is carefully blended into the adjacent surfaces. 
Where necessary, it shall be ensured by appropriate 
means, for example by a magnetic particle test, that 
any defect is completely eliminated. 

6.7.2 Unauthorized repairs 

Any welding, gas torch treatment, heating, electric 
burns, filling by metallization, electrolytic or Chemical 
deposits, etc., and any retouching with the Object of 
concealing a defect, are not permitted and shall result 
in the rejection of the complete test unit. 

6.8 Shot peening 

When shot peening is specified, the web surface shall 
be shot peened in accordance with the procedure 
specified in annex A. Shot peening shall be per- 
formed after any corrective surface preparation in the 
web area. 

The peened appearance of surfaces, other than the 
web, shall not be a Cause for rejection. 

7 Inspection 

7.1 Responsibilities and type of inspection 

7.1 .l The inspection to ensure compliance with the 
manufacturing methods (sec clause 6) and with the 
quality requirements (see clause 5) may be carried 
out either 

a) under delegated inspection by the manufacturer’s 
qualified departmen t (see note 4); or 

b) in the presence of the purchaser, the manufac- 
turer’s representative or a body designa ted by him. 

Unless otherwise specified in the Order, the in- 
spection of manufacturing methods shall be con- 
sidered to be delegated to the manufacturer’s 
qualified department, and the inspection of quality re- 
quirements shall be as shown in table 2, column 5. 

NOTE 4 The term “qualified departmen t” indicates, here 
and in the following text, a testing and certification depart- 
ment of the manufacturer independent of his manufacturing 
departments which is authorized, in accordance with 
ISO 7 0474, to issue inspection certificates of type 3.7. B. 

7.1.2 Delegation of inspection by the purchaser to 
the qualified department of the manufacturer does 
not remove the right of the purchaser to monitor the 
effectiveness of the manufacturing controls and of the 
testing and inspection methods. 
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In this respect, he shall be allowed to witness any of 
the tests made under the responsibility of the manu- 
facturer and to inspect the recorded results. 

7.2 Inspection of manufacture 

Whether the inspection of manufacture is the re- 
sponsibility of the manufacturer’s qualified depart- 
ment or of the purchaser, the following shall apply. 

7.2.1 The manufacturer shall advise the purchaser 
of the principal process which will be used in com- 
pleting the Order, and shall advise the purchaser of 
any subsequent fundamental changes which he pro- 
poses to introduce and which may affect the quality 
of the wheels and seek his Prior agreement. 

If the inspection remains the responsibility of the 
purchaser, his representative shall be allowed to in- 
spect the manufacturing processes used in Order to 
ensure compliance with the requirements of this part 
of ISO 1005 and the Prior agreement. 

7.2.2 At the time of Submission for acceptance, the 
manufacturer shall certify that the manufacturing re- 
quirements of this part of ISO 1005 have been com- 
plied with (see 7.5). 

7.3 Inspection of the characteristics of the 
wheels 

diameters and rim sections, provided that at least one 
hardness test is made for at least one wheel per 
nominal diameter and rim section. 

7.3.3 Condition of wheels when submitted for 
inspection 

When submitted for inspection, the condition of 
wheels shall comply with the requirements of 
table 2, column 6. 

7.4 Submission for inspection by the 
purchaser 

7.4.1 The purchaser or his representative or the 
body designated by him [sec 7.1 .l b)] shall, where 
appropriate, be notified in writing (see 7.5.2) of the 
date of Submission for inspection, stating the Order 
reference number and the number of wheels in each 
test unit formed for testing the mechanical properties. 

7.4.2 If inspections, which are to be carried out after 
machining in accordance with table2, column 6, are 
the responsibility of the purchaser [see 7.1 .l b)], then 
the manufacturer may submit the material in two 
stages: 

a) after the final heat treatment but before machin- 
ing; and 

b) in the final delivety condition. 

7.3.1 Testing categories and types of tests 
7.5 Certification 

This part of ISO 1005 differentiates between a testing 
category A and a testing category B. 

Table 2 specifies the types of tests included in these 
testing categories and whether these tests are man- 
datory or optional. 

7.3.2 Test units 

For each type of test, table2, column 7 specifies the 
composition of the test unit for the relevant type of 
test, on the basis of the manufacturing characteristics 
of the wheels. 

For specific inspection of the mechanical properties, 
each test unit shall be formed of wheels produced 
from the same cast and having undergone the Same 
heat treatment. lt may include wheels of a different 
shape. In the case of testing category A wheels, all 
the wheels of a test unit for testing the mechanical 
properties shall be of the same nominal diameter and 
rim section. In the case of testing category B wheels, 
a test unit may contain wheels of different nominal 

7.5.1 Whether the inspection of manufacture is the 
responsibility of the manufacturer’s qualified depart- 
ment or of the purchaser, the manufacturer shall cer- 
tify that the manufacturing requirements of this part 
of ISO 1005 have been complied with. The final test 
certificate shall also include the results of the follow- 
ing tests: 

- Chemical analysis; 

- tensile test (only for testing categoty A); 

- impact test (only for testing category A); 

- hardness Survey test, if this is required (only for 
testing category A); 

- rim hardness of each wheel tested (only for testing 
category B); 

- hardness of each wheel tested, if 
formity of rim hardness a re required. 

tests on uni- 
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Furthermore, the certificate shall include Statements 
that the results of the other mandatory tests and 
Checks and of the ordered optional tests and Checks 
(see table 2) were in conformance with the require- 
ments. 

7.5.2 The manufacturer shall provide the relevant 
certificate for those tests and Checks for which he is 
responsible, at the following times: 

a) if he has the delegated responsibility for all tests, 
at the time of delivery; 

b) if the wheels are submitted in one Stage for the 
inspection by the purchaser, his representative or 
a body designated by him, at the time of sub- 
mission for inspection; 

c) if, in accordance with 7.4.2, the wheels are sub- 
mitted in two stages for the inspection by the 
purchaser, his representative or a body desig- 
nated by him: 

- for tests and Checks to be carried out, 

- after the final heat treatment but before ma- 
chining: at the time of the first Submission for 
inspection, 

- otherwise, at the time of the final Submission 
for inspection. 

7.6 Number of Checks and tests 

The number of wheels per test unit to be subjected 
to the Checks and the number of tests per wheel are 
given in table 2, column 8 and 9. 

7.7 Sampling and preparation of samples 
and test pieces 

7.7.1 General 

7.7.1.1 In cases where not every wheel is to be 
tested (see table 2, column 8), the inspector shall sel- 
ect at random the wheel(s) intended for testing. 

7.7.1.2 If a residual stress test is required, this test 
shall be carried out before cutting out the Sample 
Segments for other tests. 

7.7.1.3 When test pieces are to be taken from the 
wheels, the inspector shall outline, on each of the 
wheels selected for the tests, a Sample Segment from 
which the test piece(s) shall be tut out (see figure4). 

7.7.1.4 Unless o therwise specified, the prepara tion 
and identifica tion of samples and test pieces shall be 
carried out in accordance with the requirements of 
ISO 377-1 and ISO 377-2. 

7.7.1.5 The inspector’s identification marks and 
stamps on samples and test pieces shall be retained 
and may not, unless otherwise agreed, be altered ex- 
cept in his presence. 

7.7.2 Product analysis 

When a product analysis is to be carried out, de- 
pending on the choice of the manufacturer and in ac- 
cordante with ISO 377-2, the Sample shall be taken 
from the following locations: 

a) in the case of wheels of testing category A, from 
one of the wheels selected for the mechanical 
tests, 

1) either from Chips representing a radial section 
of the wheel, or 

2) from the tensile test piece taken from Position 
1 in figure4; 

b) in the case of wheels of testing category B, from 
Surplus material at the bore. 

In cases of dispute, however, only the provisions in 
a)l) shall apply. 

7.7.3 Mechanical tests 

7.7.3.1 Tensile test 

One test piece shall be taken from each test wheel 
from Position 1 of the Sample shown in figure4. 

In the case of rim-quenched and tempered wheels (T), 
one further tensile test piece shall be taken from 
Position 2 shown in figure4. 

The test pieces shall be prepared in accordance with 
the requirements of ISO 6892, the test piece prefer- 
ably having a diameter of at least 10 mm with a gauge 
length of 5 x diameter. 
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1) The Position of the test pieces is related to the nominal tread surface. 

Figure 4 - Position of tensile and impact test pieces 

7.7.3.2 Impact test (U-notch) 

Three test pieces shall be taken from the Sample at 
the positions shown in figure4. The impact test 
pieces shall be marked to identify their longitudinal 
surfaces which are parallel to axle AA (see figure4). 
The test pieces shall be prepared in accordance with 
the requirements of ISO 83. The longitudinal axis of 
the cylindrical bottom of the notch shall be parallel to 
axle AA in figure4. 

7.7.3.3 Rim-hardness test and uniformity of rim 
hardness 

The wheels to be tested (see table2) shall be sub- 
jected to a Brinell hardness test, according to 
ISO 6506, on the plane face of the rim on the side 

opposite the flange. The Position selected for inden- 
tation shall be on a circumference with a radius ap- 
proximately 25 mm less than that of the nominal tread 
diameter (see figure 5). The Position shall, where ap- 
propriate, be prepared by grinding or milling in Order 
to remove any decarburized material. 

7.7.3.4 Hardness Survey test 

The test piece shall consist of a small plate compris- 
ing the complete radial section of the rim and its joint 
with the web, selected from the Sample Segment 
(see figure 5). One of its faces shall be prepared in 
accordance with ISO 6506. The six hardness inden- 
tations shall be situated on the three radial lines 
shown in figure 5. 

10 
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Hardness HB uniformity 

Last turning groove 

ISO 1005=6:1994(EI 

Dimensions in mittimetres 

1) Where the Limit of the total tread wear is less than 35 mm, the inden- 
tations shall be made at the wear Limit instead of the 35 mm distance. 
2) UnLess otherwise defined. 

Figure 5 - Position of the Brinell hardness impressions 

7.7.3.5 Residual Stresses 

See 7.7.1.2 and 7.8.2.4. 

7.7.4 Checks for appearance and soundness 

7.7.4.1 Magnetit particle test 

The test piece Es the wheel. For details of preparation 
see ISO 6933. 

7.7.4.2 Ultrasonic test 

The test piece is the wheel in the ordered heat- 
treatment condition and an appropriate surface con- 
dition (see ISO 5948). 

7.7.4.3 Static imbalance 

The test piece is the finished wheel. 

7.8 Test methods 

7.8.1 Chemical analysis 

The Chemical analysis shall be carried out in accord- 
ante with the methods defined by the corresponding 
International Standards (see ISO/TR 9769) or by any 
other appropriate methods including spectrographic 
ones. In the case of dispute, only test methods rec- 
ommended by ISO shall be used. 

7.8.2 Mechanical tests 

7.8.2.1 Tensile test 

The tensile test shall be carried out in accordance with 
the requirements of ISO 6892. 

7.8.2.2 Impact test (with U-shaped notch) 

The impact test shall be carried out in accordance 
with the requirements of ISO 83. 

11 
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7.8.2.3 Brinell hardness 

0 ISO 

7.10 Conclusion of the inspection 

The Brinell hardness test shall be carried out in ac- 
cordante with the requirements of ISO 6506. 

The hardness suwey test shall be carried out with a 
ball of nominal diameter of not more than 5 mm. 

7.8.2.4 Checking of the residual Stresses 

Two marks 100 mm apart shall be made in the centre 
of the thickness of the rim, on the flat surface on the 
side opposite the flange; a radial tut from the top of 
the flange through to the bore shall then be made 
half-way between the two marks. 

The distance between the marks shall then be meas- 
ured; it shall have decreased by at least 1 mm. 

7.8.3 Checks for appearance and soundness 

7.8.3.1 Visual Checks 

The wheels shall be checked by visual inspection be- 
fore delivery 

7.8.3.2 Magnetit particle test 

The tests shall be carried out in accordance with 
ISO 6933. 

7.8.3.3 Ultrasonic discontinuity detection test 

The tests shall be carried out in accordance with 
ISO 5948. 

7.8.4 Dimensional Checks 

The dimensions shall be checked for accordance with 
the requirements o f ISO 10058. For this purpose, 
gauges may be applied. If the circumference (tape 
size) shall be measured instead of the diameter, this 
shall be agreed upon at the time of enquiry and Order. 

7.8.5 Static balance 

The residual imbalance of the wheel shall be checked 
by means of a suitable device agreed by the pur- 
chaser. 

7.9 Retests 

The requirements for retests in ISO 404 shall apply, 
unless othenujise agreed. 

Any defects in appearance, dimensions or balancing, 
shall result in rejection of the wheel from acceptance. 
The same shall apply to any ultrasonic or magnetic 
particle examination revealing defects greater than 
those which may be tolerated. 

Any other result not conforming with the require- 
ments of this part of ISO 1005 shall result in the re- 
jection of the corresponding test unit from 
acceptance, subject to the requirements for sorting 
and reprocessing of ISO 404. 

Before delivery, all accepted wheels shall be marked 
by the inspector after the final inspection and the in- 
spectors marks shall be placed in an adjacent Position 
to the manufacturer’s marks. 

8 Delivery 

8.1 Protection against corrosion during 
transport 

If specified in the Order, after inspection and before 
storage or despatch, at least all finished machined 
portions other than the tread Profile of the accepted 
wheels shall be protected against corrosion by a 
method agreed with the purchaser. 

NOTE 5 The efficiency of any protective coatings is only 
of limited life, especially under conditions of sea transport 
or in geographical regions of high humidity. Therefore, the 
delivered wheels should be inspected immediately on arrival 
at their destination, to see if a renewal of the protection is 
necessary. 

8.2 Protection against mechanical darnage 
during transport 

The finished machined portions, especially the bores 
of the wheels, shall be provided with effective pro- 
tection against mechanical darnage before despatch. 

12 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

05
-6:

19
94

https://standardsiso.com/api/?name=6f489921a6c92c497af60d73494abc79


11 F I 

g 
E, 
E  c 
- .2 
p 
* 

Q  
P 

Tensile properties 4) for test piece 

1 (sec figure4) l 2 (sec figure 4) 

Other mechanical properties 

c 
9 Rd or R, A  7) min. hl A  7) min. KU 8) Rim hard- Hard- Residual 

F ho.2 6’ max. min. Mss 9) Mss stress 
.- 
ä 
c 

forged cast 
I 

forged cast -ey 

nm2 %  %  J HB . 
N/mm’ N/mm’ %  %  NP 

I  1  1 1 I  
m  

Steel designations Chemical compositbn aaxwding to cast SMI- 
ySiS (prOdUCt aMi@S) 1) 

%  bnkm) 

New101 Old111 New101 I t- Oldll) max. 

Si 

max. 

Mn 

max. 

P  5) 

max. 

s 5) 

max. 

others 

-. I I I-I I I A 12) to 18 9 - - - 13 - - - 

720 

B - - 
I I 

166 to - - I-I-I-I-I- - - 
217 

770 
A 12) 890 15 8 15) 16 9 15 - 16) 17) 

B 197 to - --_--w- _ - 
277 

A 12) to 17 8 - - - 14 - - - 

750 

R 174 to - - - - - - - - - - 

I I I I I 223 

820 
A 12) to 14 7 15) 16 8 15 - 16) 17) 

940 

n 235 to 
0 - - - - - - - - - - - - 

I 285 

A 12) to 15 7 I - - - 12 - - - 

I 18001 I I I 
B 187 to - _-sm--- - - 

241 

N 

o,w 

(0,95, 

0,040 

(0.04E 

0,040 

(0.045 

0,46 

(0,48 

13) 

0s 

K W  

N 

C48G W-N-B GC48G W-N-B 
13) 

N 

wo 

(0.95 tO,57 

13) 

B 248 to - -----__ - - 302 

T14) 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 10

05
-6:

19
94

https://standardsiso.com/api/?name=6f489921a6c92c497af60d73494abc79


1 I 2 I 3 I 4 5 1 6 1 7 1 8 1 9 1 10 11 
1 I I  I  I  

.  
-cumposi t ion~tocastwuC steel desigMtions Tensiloproporties~)fortestpieca 

1 (sec figure 4) I 2 (sec figure 4) 

ySiS(productd-~)l’ 
%tmm 

8 EG ;rs rg I ä  : 
4-P R, A 7) min. kl A  7) min. KU 8) Rim hard- Hard- Rddud 

g ho.2 6’ maX. min. ness 9) stmss 

3 
forged/ cast forged cast 

I 
=wey 

P I N/mm2 I N/mm21 %  1 9/0 1 N/mm2 1 %  1 %  1 J 1 HB 1 I 

C 

max. 

Si P  5) 

MX. 

s 5) 

max. NewlO) NewlO) Oldll) 

I 17001 I I -- 
A  12) 840 14 6 - - - 10 - - - 

B  
197 to - 

- - - - - - 255 
- I 

GC55G W-N-A KZ-N C55G W-N-A RZ-N 

N 

C55GW-N-B GC55G W-N-B 058 

KM3 

0,40 

043 

o,m 

(0,951 

13) 

m l to RST GC55GW-T-A 12 RCST A 15) 14 6 12 - 16) 17) 

255 to - - - - - - 
311 

A r t -t 
800 
to t t 5 - - - 10 - - - 12) 11 

940 

1 - - - - . 223 to - - - - 
- - 285 

I I 940 I I 

277 to - - - - - - 
341 

C55G W-T-A 
Tl41 

C55G W-T-B GC55G W-T-B B 

13) 

GC64G W-N-A RC3-N C64GW-N-A R3-N 

N 

0,67 0,40 

(0,43 

030 

tos 

0,040 

(0,04! 

B  

Tl41 

B 

830 
A 12) to 9 4 - - - 8 - - - 

I 1°00 I N 

B - --m--s_ 235 to _ - 
311 

1 

0,40 

(0,43: 

o,w 

Nl951 

0,040 

(0,045 

0,040 

KW45 

13) 

I 110401 I I 

C74GW-T-B I I GC74G W-T-B I 
STANDARDSISO.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 IS

O 10
05

-6:
19

94

https://standardsiso.com/api/?name=6f489921a6c92c497af60d73494abc79


1) Unless otherwise agreed, the requirements for the Chemical composition shall be verifi8d by cast analysis. However, in cases of dispute, the compositions according to product analysis shall be the deciding criteria. 

1 2) Heat-treatment condition: 

’ N = Normalized or normalized and tempered 

~ 1 = Rim quenched and tempered (The Symbol T may be changed at a later date.) 

~ 3) See note 1 in 1 .l and table 2. 

~ 4) R&.j = Upper yield stress 

RM,2 = 0,2 %  proof stress (non-proportional elongation) 

Rfn = Tensile strength 

~ A = Percentage elongation after fracture & = 5,65&). 

5) In the case of normalized (NI or rim quenched and tempered i?l wheels, a maximum phosphorus and Sulfur content of 0,035 %  for product analysis (and max. 0,030 %  cast analysis) may be agreed upon at the time of enquiry 
~ and Order. 

In the case of steel made by an acid process, by agreement at the time of enquiry and Order, a maximum phosphorus and sulfur content of 0,055 %  for product anatysis (and max. 0,050 %  for cast anatysis) is permitted. 

/ 6) If the measured 0,5 %  total elongation proof stress Rto,s of the steel is not greater than 600 N/mm2, Rto,s tan be given instead of &  or &,2. 

7) The low elongation values of cast wheels of category A require a “low stress” (curved plate) design if these wheels are subject to significant or severe on-tread braking. 

8) KU = mean value of three ISO U-notch tests at room temperature (23 ‘C f 5 “C). For the individual results, the conditions of ISO 404 appiy. 

9) The differente between the extreme hardness values measured on the firn of wheels of the same batch shall not exceed the values quoted. The uniformity of rim hardness shall be 30 HB. 

10) The first part of the new designation is in accordance with the designation System for steel names described in ISO/TR 4949. The various Symbols in the steel name have the following meaning: 

Cast steel 
Carbon steel 

Grade for wheels 

The Symbol after the first hyphen Stands for the heat-treatment condition. The Symbol T (treat hardened) will in future be reserved for tempered. If this could lead to confusion, the T should be replaced, for example by TM or TR (R 
for “rim quenched and tempered”). 

The Symbol after the second hyphen Stands for the testing category. 

11) “Old” means designations according to the first edition of ISO 100561982. 

12) To be given for documentary purposes. 

13) Cr< 0,30 %  (G 0,28 %) 

Cu< 0,30 %  k 0,28 %) 

Mo< 0,08 %  (< 0,08 %) 

Ni,c 0,30 %  (6 Q28 %) 

v< 0,05 %  kg 0,05 %) 

14) In spe&/ cases, if the delivery of immersiorrquenched (EI wt?eels is agreed upon, the tensile, impact and hardness values specified in this table for the beat-treatment condition T shall apply. However, for specially designed 
wheels, reduced rim tensile and hardness values may b8 agreed upon at the time of enquiry and Order. 

15) The tensile strength value of the web shall be lower than the tensile strength value of the firn by at least: 100 N/mm’ for C44GW and C51 GW; 70 N/mm2 for C55GW; 50 N/mm2 for C64GW and C74GW. 

16) The depth of the rim quenching effect, estimated from the results of the hardness tests (see 7.7.3.4) shall be not less than the total depth of wear. 

The Order or its appended documents may also specify the minimum hardness at the limit of the depth of wear. 

17) The Object of rim quenching and tempering is, in part, to produce favourable residual compression Stresses circumferentially in the rim of the wheel. The manufacturer shall demonstrate that the procedure used for rim quenching 
and temnerina results in an adeauate maanitude of residual circumferential comoression. One method of doina this is described in 7.8.2.4. 
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Table 2 - Type and number of tests and Checks 

2 3 4 5 6 7 8 9 

Tests and Checks Symbols The tests and Checks arc Remarks Test Number Number of 
mrndatory (m) optional unit2) of twts per 

(01 for whwls in the whwls wheel 
beat-treatment to be 

condition 1) twted 
1 per tost 

Category A ~-wY B 3) 4) unit 

N T N T 

Chemical analysis (sec 5.1) 
- according to cast analysis m5) m5) m5) m5) - - C - - 

- according to product analysis PA 0 0 0 0 a - C 1 1 

11 Dimensional Checks 

12 Static balancing test 

1) N = Normalized or normalized and tempered 

T = Rim quenched and tempered 

2) c = Wheels from the same cast 

SB 

m8) m8) m8) m8) a f W 100 % 8) 1 

0 0 0 0 a f W 100 % 1 

c, h = Wheels from the same cast and the same beat-treatment cycle (See 7.3.2) 

w = The wheel is the test unit. 

3) Unless otherwise agreed (sec 7.71, the Checks or tests are to be carried out 

a) under delegated inspection by the manufacturer’s qualified department (see ISC 404); or 
b) in the presence of the purchaser. 

4) h = The tests shall not be carried out before the ordered heat treatment. 

f = The acceptance tests are to be carried out in the final delivery condition. 

5) When no product analysis is ordered, the manufacturer shall provide a certificate, at the time of first submission for inspection, for the results of bis cast 
analysis. 

6) In the special cases where, in accordance with table 1, footnote 13, the delivery in the immersion quenched and tempered condition (E) has been agreed 
upon, tensile tests on test pieces from the web, hardness Survey tests and tests for the determination of residual Stresses arc not required. 

7) However, for less than 20 wheels, at least two shall be tested. 

8) For some of the dimensional characteristics, the Checks are in accordance with ISO 1005-8, tables 3 to 5 (optional). lf Checks are agreed upon for these 
characteristics, the number of wheels to be tested shall also be agreed upon. 
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