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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 4545-1 was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals, Subcommittee
SC 3, Hardness testing.

ISO 4545-1 cancels and replaces ISO 4545:1993, which has been technically revised.

ISO 4545 consists of the following parts, under the general title Metallic materials — Knoop hardness test:
— Part 1: Test method

— Part 2: Verification and calibration of testing machines

— Part 3: Calibration of reference blocks

— Part 4: Table of hardness values

© I1SO 2005 — All rights reserved
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Introduction

The periodic checking of the testing machine described in informative Annex A is good metrological practice. It
is intended to make this annex normative in the next revision of this part of ISO 4545.
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INTERNATIONAL STANDARD ISO 4545-1:2005(E)

Metallic materials — Knoop hardness test —

Part 1:
- Test method

1 Scope

This part of ISO 4545 specifies the Knoop hardness test method for metallic materials, for test forces from
0,098 07 N to 19,614 N. The method is recommended only for indentations with diagonals > 0,020 mm.

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 4545-2:2005, Metallic materials — Knoop hardness test — Part 2: Verification and calibration of testing
machines

ISO 4545-3:2005, Metallic materials — Knoop hardness test — Part 3: Calibration of reference blocks

ISO 4545-4, Metallic materials — Knoop hardness test — Part 4: Table of hardness values

3 Principle

A diamond indenter, in the form of a rhombic-based pyramid with angles « and S between opposite faces
respectively equal to 172,5° and 130° at the vertex, is forced into the surface of a test piece followed by
measurement of the long diagonal, d, of the indentation remaining in the surface after removal of the test force,
F (see Figures 1 and 2).
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Figure 1 — Principle of the test and indenter geometry

Figure 2 — Knoop indentation

The Knoop hardness is proportional to the quotient obtained by dividing the test force by the projected area of
the indentation, which is assumed to be a rhombic-based pyramid, and having at the vertex the same angles
as the indenter.

4 Symbols and abbreviated terms

4.1 See Table 1 and Figures 1 and 2.

4.2 The following is an example of the designation of Knoop hardness.
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EXAMPLE
640 HK 0,1 /20
T Duration time of test force (20 s)
if not within the specified range (10 s to 15 s)
approximate kgf equivalent value of applied
test force, where 1 kgf = 9,806 65 N
hardness symbol
Knoop hardness value
Table 1 — Symbols and abbreviated terms
Symbol/
abbreviated Designation
term
F Test force, in newtons
d Length of the long diagonal, in millimetres
c Indenter constant, relating projected area of the indentation to the square of the length of the long
diagonal
tanﬁ
Indenter constant, ¢ = 2 , ideally ¢=0,070 28
2tan?
2
where « and g are the angles between the opposite edges at the vertex of the diamond pyramid (see
Figure 1)
HK
Knoop hardness = Constant x - Test for(?e -
Projected area of indentation
- 0,102x—— ~1451L
cd d
NOTE Constant = 0,102 :;, where 9,806 65 is the conversion factor from kgf to N.
9,806 65

5 Apparatus

5.1 Testing machine, capable of applying a predetermined force or forces from 0,098 07 N to 19,614 N,E‘;in
accordance with ISO 4545-2. :

5.2 Indenter, a diamond in the shape of a rhombic-based pyramid, as specified in ISO 4545-2.
5.3 Measuring system, as specified in ISO 4545-2.

The optical portion of the measuring system should have Kohler illumination. See Annex A of ISO 4545-3:2005.

Magnifications should be provided so that the diagonal can be enlarged to greater than 25 % but less than
75 % of the field of view.

The measuring system should report the diagonal lengths in 0,1 um increments.

NOTE A suggested procedure for checking the testing machine by the user is given in Annex A.

A 1A~ AAAE AL
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6 Test piece

6.1 The test shall be carried out on a polished surface, which is smooth and even, free from oxide scale
and foreign matter and, in particular, completely free from lubricants, unless otherwise specified in product
standards The finish of the surface shall permit accurate determination of the diagonal length of the
indentation.

6.2 Preparation shall be carried out in such a way that any alteration of the surface hardness, due to
excessive heating or cold work, for example, is minimized.

6.3 Due to the small depth of Knoop hardness indentations, it is essential that special precautions be taken
during preparation. It is recommended to use a polishing/electropolishing technique that is adapted to the
material to be measured.

6.4 No deformation shall be visible at the back of the test piece after the test.

6.5 For test pieces of small cross-section or of irregular shape, it may be necessary to provide some form of
additional support, for example, mounting in plastic material. The test piece shall be adequately supported by
the mounting medium so that the test piece does not move during the force application.

7 Procedure

7.1 The test is normally carried out at a temperature of (23 + 5) °C. If the test is carried out at a temperature
outside this range, it shall be noted in the test report.

7.2 The test forces given in Table 2 are recommended.

7.3 The test piece shall be placed on a rigid support. The support surfaces shall be clean and free from
foreign matter (scales, oil, dirt, etc.). It is important that the test piece lies firmly on the support so that
displacement cannot occur during the test.

7.4 Focus the measuring microscope so that the specimen surface can be observed.

7.5 Bring the indenter into contact with the test surface and apply the test force in a direction perpendicular
to the surface, without shock or vibration, until the applied force attains the specified value. The approach
velocity of the indenter shall be within the range of 15 pm/s to 70 uym/s. The time from the initial application of
the force until the full test force is reached shall not exceed 10 s.

7.6 The duration of the test force shall be from 10 s to 15 s unless otherwise specified. For certain materials,
a longer time for maintaining the force may be necessary to obtain consistent results; this time shall be
applied with a tolerance of + 2 s.

7.7 Throughout the test, the apparatus shall be protected from shock or vibration.

7.8 The minimum distance between the limit of any indentation and the edge of the test piece shall be at
least 3 times the short diagonal of the indentation.

A .
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Table 2 — Test forces

Hardness symbol Test force value, F
N approximate kgf @ equivalent
HK 0,01 0,098 07 0,010
HK 0,02 0,196 1 0,020
HK 0,025 0,245 2 0,025
HK 0,05 0,490 3 0,050
HK 0,1 0,980 7 0,100
HK 0,2 1,961 0,200
HK 0,3 2,942 0,300
HK 0,5 4,903 0,500
HK 1 9,807 1,000
HK 2 19,614 2,000
2  Not an Sl unit.

7.9 The minimum distance between the limits of two adjacent indentations, oriented side-by-side, shall be
at least 2,5 times the length of the short diagonal. For indentations oriented end-to-end, the minimum distance
between the limits of two adjacent indents shall be at least one time the length of the long diagonal. If two
indentations differ in size, the minimum spacing shall be based on the short diagonal of the larger indentation.

7.10 The length of the long diagonal shall be measured and used for the calculation of the Knoop hardness.
For all tests, the perimeter of the indentation shall be clearly defined in the field of view of the microscope.

NOTE In general, decreasing the test force increases the scatter of the results of the measurements. This is
particularly true for low force Knoop hardness tests where the principal limitation will arise in the measurement of the long
diagonal of the indentation. For Knoop hardness, the accuracy of the determination of the long diagonal length is unlikely
to be better than + 0,001 mm.

Magnifications should be provided so that the diagonal can be enlarged to greater than 25 %, but less than
75 % of the field of view.

7.11 The Knoop hardness value shall be calculated by the formula given in Table 1, or by using the tables
given in ISO 4545-4.

7.12 |If one half of the long diagonal differs by more than 10 % from the other half, check the parallelism
between the supporting plane and the measuring plane of the specimen and eventually the alignment of the
indenter to the specimen. Test results with deviations greater than 10 % should be discarded.

8 Uncertainty of the results

A complete evaluation of the uncertainty should be done according to the Guide to the expression of
uncertainty in measurement (GUM) [].

Independent of the type of sources, for hardness there are two possibilities for the determination of the
uncertainty.

— One possibility is based on the evaluation of all relevant sources appearing during a direct calibration. As f
a reference, an EA guideline [2] is available. E

— The other possibility is based on indirect calibration using a hardness reference block [abbreviated as
CRM (certified reference material)] (see [3-5] in the Bibliography). A guideline for the determination is
given in Annex B.

A 1A~ AAAE AL
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It may not always be possible to quantify all the identified contributions to the uncertainty. In this case, an
estimate of type A standard uncertainty may be obtained from the statistical analysis of repeated indentations
into the test piece. Care should be taken if standard uncertainties of type A and B are summarised, that the
contributions are not counted twice (see Clause 4 of GUM:1993).

9 Testreport

The test report shall include the following information:

a) areference to this part of ISO 4545;

b) all information necessary for identification of the test sample;

c) the result obtained;

d) all operations not specified in this part of ISO 4545 or regarded as optional;

e) details of any circumstances, which may have affected the result;

f)  the temperature of the test, if it is outside the range specified in 7.1.

There is no general process of accurately converting Knoop hardness values into other scales of hardness or
into tensile strength. Such conversions, therefore, should be avoided, unless a reliable basis for conversion

can be obtained by comparison tests.

NOTE A strict comparison of hardness values is only possible at identical test forces.

[ .
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Annex A
(informative)

Procedure for periodic checking of the testing machine by the user

A check of the machine should be carried out on each day that the machine is used, at approximately each
hardness level and for each range or scale that is to be used.

Prior to making the check, the measuring system should be indirectly verified (for each range/scale and
hardness level) using a reference indentation on a hardness reference block, calibrated in accordance with
ISO 4545-3. The measured dimension should agree with the certified value to within the greater of 0,5 % and
0,4 um. If the measuring system fails this test, appropriate action should be taken.

The check involves at least one indentation being made on a hardness reference block, calibrated in
accordance with ISO 4545-3. If the difference between the mean measured hardness and the block’s certified
value is within the permissible error limits given in 5.8 of ISO 4545-2:2005, the machine may be regarded as
satisfactory. If not, an indirect verification should be performed.

A record of these results should be maintained over a period of time, and used to measure reproducibility and
monitor drift of the machine.

A 1A~ AAAE AL
Copyright International Organization for Standardization ghtS reserved

Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



ISO 4545-1:2005(E)

Annex B
(informative)

Uncertainty of the measured hardness values

B.1 General requirements

The approach for determining uncertainty presented in this annex considers only those uncertainties
associated with the overall measurement performance of the hardness testing machine with respect to the
hardness reference blocks (abbreviated as CRM below). These performance uncertainties reflect the
combined effect to all the separate uncertainties (indirect verification). Because of this approach, it is
important that the individual machine components are operating within the tolerances. It is strongly
recommended that this procedure be applied for a maximum of one year after the successful passing of a
direct verification.

Figure B.1 shows the four-level structure of the metrological chain necessary to define and disseminate
hardness scales. The chain starts at the international level using international definitions of the various
hardness scales to carry out international intercomparisons. A number of primary hardness standard machines
at the national level “produce” primary hardness-reference blocks for the calibration laboratory level. Naturally,
direct calibration and the verification of these machines should be at the highest possible accuracy.

International level International International
comparisons definitions

Primary hardness
standard machines

Calibration Primary hardness Hardness calibration Direct
laboratory level reference blocks machines calibration

National level

Direct
calibration

/

Hardness reference Hardness
blocks testing machines

User level

Direct
calibration

Reliable
hardness values

Figure B.1 — Structure of the metrological chain for the definition and dissemination
of hardness scales
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B.2 General procedure
The procedure calculates a combined uncertainty u; by the Root-Squared-Sum-Method (RSS) out of the

different sources given in Table B.1. The expanded uncertainty, U, is derived from wu; by multiplying with the
coverage factor k£ = 2. Table B.1 contains all symbols and their designation.

B.3 Bias of the machine

The bias, b, of a hardness testing machine (also named error) which is derived from the difference between
— the mean value of the five indentations during calibration of the hardness testing machine, and

— the calibration value of the hardness reference block,

can be implemented in different ways into the determination of uncertainty.

B.4 Procedures for calculating uncertainty: Hardness measurement values

B.4.1 Procedure without bias (method 1)

Method 1 (abbreviated as M1) is a simplified method, which can be used without considering the systematlc‘
error of the hardness testing machine.

In M1, the error limit, that means the range in which the machine is allowed to differ from the reference
standard is used to define the source ug of the uncertainty. There is no correction of the hardness values with
respect to the error.

The procedure for the determination of U is explained in Table B.1 (see [1, 2] in the Bibliography).

2 2 2 2 2
Ucorr :k~\/uE tTUCRM T UH T UF T Unpg (B1)
Where the result of the measurement is given by

X=x+U (B.2)

B.4.2 Procedure with bias (method 2)

As an alternative to (M1), method 2 may be used, which is correlated with the conduct of a control chart. M2
may lead to smaller values of uncertainty.

The error b (step 10) can be expected to be a systematic effect. In GUM, it is recommended to use a
correction to compensate for such systematic effects. This is the base of M2. The error is no longer in the
calculation of the uncertainty but all determined hardness values have to be corrected by b or U, has to be
increased by b. The procedure for the determination of U, is explained in Table B.1 (see [4, 5] in the
Bibliography).

2 2 2 2 2
Ucorr :k‘\/”CRM +uf +tus +upg +uj (B.3)

Where the result of the measurement is given by

X oo = (¥+5) % Ugop (B.4)

A 1A~ AAAE AL
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or by

Xucor =X & (Ucorr + ‘5‘) (B.5)

depending on whether the bias (error) 5 is thought to be part of the mean value or of the uncertainty.

B.5 Expression of the result of measurement

For the expression of the result of measurement, the method used should be indicated. In general, as a result
of the measurement, method 1 [Equation (B.2)] should be used (see also Table B.1, step 12).

1N :
Copyright International Organization for Standardization © ISO 2005 - A” rlghts reserved
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



2005(E)

ISO 4545-1

ZN
98'G = sh _ Xy up _ Xy a%a1d 1s9} e Bulnseaw IN
SLLXPLL G=ulIolyLL =1 X5y Xn uaym Ajurepaoun piepuels 9
"9Joym
e se 929|d}sa) ay) 0} Jou
‘Buipeal oy10ads ayj 03 Ajuo .
sal|dde Ajuiepaoun ayy 1eyy =S
) . 21e)s p|noys a8}eol1uad ay |
ghi="9 '0="5] = uy| "¢ BJON 995 u ZN
00y =X -goa1d =ro X y aoa1d N
9l —€ly— L2y — 60V — L6E 1$8) 8y} UO sjuswiainsesw g QN § 159} € Jo Bunss} sy} Jo uoneIrsp
sanjeA a|buIg G=1u u ‘x plepuels pue anjeA Ues|\| S
ZN
}<}e)
0Ll = sh _Hy up _H, Burinseaw usym aujyoew Bunss) I
eexyll G=ulIolyLL =1 Hs .y Hn ssaupley Jo Ajuiepaoun piepuels v
[
e'c = THs ‘ez0p = 21 ‘usye] oq |IIM Pl =" [ =M
e tama i Z g0 (2) ¢Hs pue HHs jo anjen Jebug "
gl6e-v .mov :m oov movr g90v (¢ ay) ‘Hs o uonenojes ay) Jo4 u 4}
Le=""s.1eov="H "G @sne|) G00Z:2-SvSh OSI = - H Hg WED [
2'66€ —6'00% — €0% — 2'¥0¥ — 9'20% (1) 0} Buipisodoe _EN ) uo juswainsesw ayj Jo uolelnsp
:sjuswalnseaw a|bulg 'y u H plepuels pue anjeA Ues|\| €
9'96¢ = W¥O y "C 810N 89S ('9 819eL ‘5002:¢-5¥S¥ OSI N
= ‘INYD JO 81eou1I90 WD 99S UoIe|N2|ED Pa|Ie}ap 10)) ™
00'9 = < _ W0 5, uonelqies oy buipioooe _c _ YD X INYD JO ssaupJey Jo anjeA
00'CL WHO y- W¥O WH3 ‘WO, uesWw pue AJulepaouUN piepuelS z
'} 810N 89S
"9]e01J11Ja0 uoieIqled
, woJy WOy -p 0 parejal 8z m
19'G = 8¢ _3a, ‘2-G¥St OS] 01 Buipioooe e = 3n Jouwd ajqissiwiad wnwixew ayj 0}
8'96E X 200X 2 23 jou10 o|qISsiwIed _\,_mowm ¢ 3ng 3n Buiploooe Ajuielsoun piepue)s 1
IAH=["] poulaN
ojdwexg 9jesiyia/ainjela)] e|jnw.o s|joquiAg Auiep9oun jo s92I1nog doys

ZIN pue LN spoyjaw o3 Buipioosoe Ajuienasun papuedxa ayj o uonjeulwa}aq — L'g a|qel

11

ghts reserved

1IaA AnnF Al

~

Copyright International Organization for Standardization

Reproduced by IHS under license with ISO

Not for Resale

No reproduction or networking permitted without license from IHS



2005(E)

ISO 4545-1

ZIN
Gy oo _ oo 10D A — x) = 409 1102 onjeA Ueaul pejoalioo
QW) MH(Z°LLF ¥'SLY) X €1 pue g ‘g sdaig NF(q+x) X X UM JUSWISINSESW 8Uj} JO NSy vL
ZIN
MHOL'LL=""n . g
‘ ‘ ‘ ‘ ‘ _ 102 ¢=7 G SWpy Xy H oy INSD M. y— 4100 JUIELISOUN papuedxsd
gL 0tZz¥90+,986+50L1%20 m\/xm n 0l pue 7 0} z daig e Ns\, 4 n 42 Pa10811090 8y} JO uoheuIwIala(q €l
LN
(LW) MH 9'02 F0'0LY =X Ll pue g sda)g nN¥x=Xx X Juswainseaw ayy jo ynsay|  zi
H 9502 =1 p "
‘ ‘ ‘ ‘ ‘ — =Y sw X H NYD 3 Ly juieusoun
V9 0+z986%2041%7009+249 m\/xw n /0y | daig A AR A N:\/ =1 n papuedxa ay} Jo uoleulwlayeq ()
Sjuswalnseaw JO SalIds ZIN
‘G BJON 983 W puO2aSs ay] Jale AJuo pauluwLIs}ap
JL0= <t _an z="ulo)pg'L =1 \z\, . 3¢ UB) "¢ JO UONBUIWLIBISP
€L'0x 18l 6 dais s In oy} Jo Ajurepsoun piepuels| o)
|=1 w
F — u
_1 —q
2(4 SW — = s
seles " Zn
(_ q¢ JusWwaINsesLW Jo Jaquinu V= wy,
el o B 7 = Uy _QN|H q g uonelrsp
va=4 g daig w, | s ay} JO UoneIABp piepuelS 6
ZIN
G'G=8'06€ — €20V = %9 " OJON 99 an|eA uoneiqied WoJj aulyoew
S YO
€'s=8'96€ — L'20V = ¢ "¢ pue g sdejs X-H=4 4 Bunss} ssaupiey jo uoneineg 8
ZIN
_ ww 9gL‘o=» wa}sAs Buunseaw
490 = gfxz 980 g, MH OOV =H g P _ s, yiBua| 8y} Jo UonNjosal BY) )
S0000 OOl x2 ww S 000‘0 = Yo sto  pHz Sy Buipiod9e Ajulelieoun piepuels l
IAH=["] poulaN
o|dwex3 ajesayijiag/ainyesd)] g|nw.io4 sjoquAg Ajuiepaoun jo seoinog dars

(panupuoo) 1°g ajqeL

© 1SO 2005 - All rights reserved

19

Copyright International Organization for Standardization

Reproduced by IHS under license with ISO

Not for Resale

No reproduction or networking permitted without license from IHS



2005(E)

ISO 4545-1

My SjuswaJinseaw

JO Jaquinu 8y} aslel 0} Alessaoau oq Aew jI suonedidde [eonuo Joj ‘pPaulBlUOD Jou SI ¢ Jo aBueys wusy-Buo] auy Jo sousnyul ayy n Auiepsoun syy ul ‘g ="u Joy ‘esnedseg S 31ON
"paIopISU0D 8 piNoys ajdwes pue Ny Usamiaq sanjea sseupiey jo diysuonejel aus “C3n gL > g >3 g oy + 3LON
‘pPaJapIsu0d ag p|noys asduanjjul @C_UCOQwG.:OO oyl .UO@CNEO aJe 9dIAap 8y} Jo WO_HQO oyl OOQ_Q 1S8] pue |NHD JO Juswainseaw a8y} usamiaq j| € 310N
"pPaIapISUOD aq 0} Sey YD 8U} Jo aBueyd ssaupiey ay) ‘Alessedsu )| 2 ILON
‘uonnquiasip .._N__.._@meom._ e JoJ >«C_Nt®0C3 pJepue)s 8y} Jo uojjeujwialsp ay} wolj paAlIap S| 8¢ J0joe} syl 1 31ON
ZIN
Ajurepeoun pejos.Ioo
‘ — A 1100 — _ Joon .
(2W) ¥H (922 F 0'0LY) = “"x ¢l pue g ‘g sdeig A_m_+ nFx= X Helx UIM JUSWaInseaw ay) Jo ynsay | G|
IAH =[] Poujeiy
aduwexy ajeonIIa/einjeIa) e|nw.io sjoquAsg Kjurepaoun Jo saounog dors

(penunuoo) g ajqel

I~ Aannr

~

Copyright International Organization for Standardization

Reproduced by IHS under license with ISO

13

ghts reserved

Al

Not for Resale

No reproduction or networking permitted without license from IHS



ISO 4545-1:2005(E)

(1]

(2]
(3]

(4]

(3]

Bibliography

BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML, Guide to the Expression of Uncertainty in Measurement
(GUM), 1993")

EA 10-16, Guidelines on the Estimation of Uncertainty in Hardness Measurements, 2001
GABAUER W., Manual of Codes of Practice for the Determination of Uncertainties in Mechanical
Tests on Metallic Materials, The Estimation of Uncertainties in Hardness Measurements, Project,

No. SMT4-CT97-2165, UNCERT COP 14: 2000

GABAUER W., BINDER O., Abschétzung der Messunsicherheit in der Hértepriifung unter Verwendung
der indirekten Kalibriermethode, DVM Werkstoffprifung, Tagungsband 2000, S. pp. 255-261

PoLzIN T., SCHWENK D., Estimation of Uncertainty of Hardness Testing; PC file for the determination,
Materialprifung, 3, 2002 (44), pp. 64-71

1) Corrected and reprinted: 1995.

1A .
Copyright International Organization for Standardization © 1SO 2005 — All rlghtS reserved

Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 4545-1:2005(E)

ICS 77.040.10

Price based on 14 pages

a0 - Wolan oo
Copyright International Organization for Slandardizationved

Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



