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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.
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INTERNATIONAL STANDARD ISO 3928:2016(E)

Sintered metal materials, excluding hardmetals — Fatigue
test pieces

1 Scope

This document specifies

— the die cavity dimensions used for making fatigue test pieces by pressing and sinterjing, together
ith certain dimensions of the test piece obtained from such a die, and

=

i

— the dimensions of the test pieces machined from sintered and powder forgedimaterial

This document is applicable to all sintered metals and alloys, excluding hardmetals.

2 Normative references

Therd are no normative references in this document.

3 Terms and definitions
No tefms and definitions are listed in this document.
ISO apd [EC maintain terminological databases foPuse in standardization at the following pddresses:

— 1EC Electropedia: available at http://wwwelectropedia.org/

]

$0 Online browsing platform: available at http://www.iso.org/obp

4 Hressed and sintered teést pieces for fatigue test by reverse bend and faxial
testing

4.1 |General

The gressed and sintéred piece may also be subjected to further treatment, such as sizihg, polishing
or hdat treatmént: If such treatments are applied, they shall be stated in the test |report. In a
metallographically examined cross section of a test piece, in the gauge region, the piece ghall show no
micrd-lamination greater than 0,25 mm in length. The press tool shall be maintained in a ggod condition
to avgid-excessive burr. The edges of the sintered parts shall be broken in the gauge area tp remove any
burr {rom compaction.

4.2 Test piece specification: unnotched

Figure 2 a) shows a drawing of the unnotched test piece. The flatness and parallelism of 0,1 mm are
mandatory. The other dimensions are advisory.

4.3 Test piece specification: notched

Figure 3 a) shows a drawing of the notched test piece. The flatness and parallelism of 0,1 mm are
mandatory. The other dimensions are advisory. As the 5,5 mm tooling radius of the die is subject to
wear, the corresponding radius dimension of the test piece shall be reported.

© IS0 2016 - All rights reserved 1
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4.4 Load direction for bending fatigue testing

If nothing else is stated, the specimens shall be oriented such that the torque vector is parallel to the

pressing direction during compaction (see Figure 1).

~

Key
1 M standirlg orientation

Figure 1 — Fatigue testing

5 Die specifications

5.1 Genenal

The die shoulld preferably be of hardmetal and its surface-finish shall be such as to allow compr¢
of test piecep under normal conditions. The die may_include a small exit taper to facilitate ej¢
and avoid crjicks or microlaminations in the test pieces. Die cavity may be tapered 0,01 per side
ejection. Die pbore may be enlarged by 0,5 % for tepling to be used for repressing.

+0,01

0 mm), sq

The die should be well supported with shrinkrings (of internal diameter 120 mm

minimize lateral expansion during compacting. Such support decreases the possibility of crack
the specimen at ejection. To reduce ¢he“incidence of cracks in the specimen, it is recommended {
top punch hdld down during ejection.

5.2 Die specifications ferunnotched test pieces
The recommpnded die davity is shown in Figure 2 b).

Despite the gxpression “unnotched”, the test piece shows a stress concentration factor, K, as defir
Table 1.

pSssion
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to aid
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5.3 Die specifications for notched test pieces
The recommended die cavities are shown in Figure 3 b).

The stress concentration factor, K, depends upon radius, r, as defined in Table 1.

6 Machined test pieces

Many types of machined test pieces may be used according to the different known procedures of
fatigue testing (rotating beam, axial loading, reverse bending, etc.), except that it is not recommended

to prepare machined test pieces with square or rectangular cross sections.

2 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=45d617b8928e92a794b529017018a05b

ISO 3928:2016(E)

An example of the rotating beam piece, is given in Figure 4. For details, see Annex A and References [1],
[2], [3] and [4].

Figure 5 shows an example of a test piece for axial loading fatigue testing. For details, see Annex A and
References [1], [2], [3] and [4].

The machined test pieces shall be ground over their active length, using a diamond wheel, and lapped
longitudinally in order to remove all traces of circumferential scratches. Final polishing should be in
the longitudinal direction (no circumferential scratch lines should be visible); try to achieve a smooth
blend with no undercut.

Cold work and stresses from machining significantly increase the yield strength of austenitic stainless
steel.|Annealing or stress relieving may be required to duplicate the as-sintered strueture. Any such

heat freatment shall be reported.

Practjcal experience with fatigue testing of carefully machined test pieces of cireculaf cross section has
showh that their endurance limits may be 20 % to 30 % higher than those obtained on unrhachined, as-

comppcted test pieces with square or rectangular cross sections.

Use progressively lighter machining passes to minimize residual stre$ses. Diameter in gauge length

shoulf be uniform within +0,025 mm.

7

For the identification of test pieces, the following shall be stated:

a)
b)
‘)
d)
e)

f)
g)
h)
i)
i)

Identification of test pieces

a|reference to this document, i.e. ISO 3928;

(=

e type of material;
the density of test piece;

the dimensions of test piece (thickness);

=

rhen pressed and sintered test'pieces are made according to Clause 4, the nature of pny finishing
treatment shall be stated andalso, preferably, the material and surface finish of the contpacting tool;

=

]:e form of test piece, j.e. figure number;

(=

e die material, i,exfool steel or hardmetal/carbide;

whether as-sintered or heat treated;

the hardpéss' of test piece according to heat treatment;

the bottom of notch radius used on notched test piece, Figure 2.

© IS0 2016 - All rights reserved 3


https://standardsiso.com/api/?name=45d617b8928e92a794b529017018a05b

IS0 3928:2016(E)

Dimensions in millimetres

Figure 2 —

b) Die

Unnotched test piece and compactingdie for use with unnotched fatigue test p
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Dimensions in millimetres
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b) Die

Table 1\=* Stress concentration factor, K;

Figure 3 — Notched test piece and compacting die for use with notched fatigue test pieces

Dimensions|in millimetres

ra K K
axial loading bending loading
0,25 £ 0,02 4,41 3,11
0,45 £ 0502 3,46 2,43
0,9 £0,02 2,52 1,89
30D 1,06 1,04
a  Rpdius of'the tool and its allowance.
b Uhnotched test piece.
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Dimensions in millimetres

0,5 x 45°

S | _._._1_._._ ________ I

75 1

4,76 +0,02
$9,52 0,01

Figure 4 — Machined rotating beam fatigue test piece

Dimensions in millignetres

N
06,79£0 02

|
M16

15,5 +0,1 1 +1 15,5 +0,1
75 1

Figure 5 — Machined axial loading test piece
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Annex A
(informative)

Remarks

ISO 1099, ISO 1352 and ISO 1143 define the general principles of fatigue testing of metals. These
principles are applicable to sintered metals with the following remarks.

d)

Sintered metals are characterized by the presence of pores, which are unavoidable Strless raisers.

Pprosity reduces the actual cross section of the specimen to be tested; this meansthaf

stress values, as calculated from the usual formulae, are smaller than the truestresses.

uch more sensitive to environmental conditions than pore-free mateérials are; por

the nominal

most cases, the presence of interconnected pores opening to the surface makes sifptered pieces
bus products

can be affected by internal corrosion processes not only during fatigue testing, but alfo before the

therefore, in order to obtain a proper transmission of fatigue data obtained with spe
to assess the fatigue behaviour of PM component, the surface states of specimens and
ust be comparable.

his leads to a much higher fatigue strength,compared to the non-machined state

ave non-machined surfaces, evaluation of the fatigue behaviour should preferably b
y transmission of fatigue data obtained with non-machined surfaces.

o S 0 0 32

test, therefore such test pieces must be stored more carefully thanpore-free test piecgs.

e surface state of a test specimen or PM part significantly influences its fatigue behaviour;

cimens used
components

achining by milling or turning densifies the surface and introduces compressive residual stresses.

(A grinding

peration is much softer.) Therefore, surfaceé machining of test specimens should b¢ carried out
hly in cases where the critical area ofla’ PM part is also machined. However, as mpst PM parts

e performed
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