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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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in 6.2.5, the possibility of directly determining characteristic values from printed graphs was
removed;

in Clauses 7 and 8, statements referring to Annex D when testing miniature test pieces were added;

in 9.2, the characteristic values of force that can be evaluated from curves of Type A and B were
changed;

in 9.3, itis now specified that F,, is determined after general yield;

in Figure 2, force-displacement curves in columns 3 (actual recording) were replaced with better-
quality ones;
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— in Clause 10, a requirement to report the type of test piece (standard, subsize, or miniature) was
added;

— in Annex A, it was clarified that those shown are examples of instrumented strikers;
— in Annex D, alternative miniature test pieces were removed;
— inD.2.1, the deviation range between W, and Ky was changed from +0,5 ] to 10 % of Ky;

— inD.3.1,dimensions forthe standard miniature test piece were added; testtemperature requirements
were removed; the test report section was removed;

— inthe Bibliography, a new reference, [8], was added.

Any feedback or questions on this document should be directed to the user’s national Standprds body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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ISO 14556:2023(E)

Metallic materials — Charpy V-notch pendulum impact test
— Instrumented test method

1 Scope

This document specifies a method of instrumented Charpy V-notch pendulum impact testing on metallic

mat

With|
infor

The

rTatsand the TeqUITenTents CONTETTINE te MeaSUTeNTelt ad TeCording equipTelt.

respect to the Charpy pendulum impact test described in ISO 148-1, this test(prov
mation on the fracture behaviour of the product under impact testing conditions:

results of instrumented Charpy test analyses are not directly transferable to st

components and shall not be directly used in design calculations or safety assessments.

NOTH

General information about instrumented impact testing can be foundih References [1] t

2 Normative references

The
cons
undg

ISO 1
ISO 1

For t

ISO 4

3.1

3.1.1
geng

following documents are referred to in the text in such*a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced@document (including any amendme

48-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method

48-2, Metallic materials — Charpy pendulum'impact test — Part 2: Verification of testing

Terms and definitions

he purposes of this document, the following terms and definitions apply.
nd IEC maintain terminelegy databases for use in standardization at the following adgd

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia;available at https://www.electropedia.org/

Characteristic values of force (see Figure 2)

ral yield force

F

ides further

ructures or

b [5].

heir content
applies. For
hts) applies.

machines

Iresses:

8y . . . . . . L .
force at the transition point from the linearly increasing part, discarding inertia peak(s), to the curved
increasing part of the force-displacement curve

Note 1 to entry: It represents an approximation of the force at which yielding occurs across the entire test piece
ligament (see 9.3).

3.1.2
maximum force

F,

m

maximum force in the course of the force-displacement curve

©ISO
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3.1.3

unstable crack initiation force
F;
force at the beginning of a steep drop in the force-displacement curve (unstable crack initiation)

3.1.4

crack arrest force

Fa

force at the end (arrest) of unstable crack propagation

3.2 Characteristic values of displacement (see Figure 2)

3.21
general yield displacement

S
y
dgisplacement corresponding to the general yield force, Fg,

3.2.2
displacemgnt at maximum force
Sm

displacement corresponding to the maximum force, F,

3.2.3
displacem¢nt at unstable crack initiation
Siu
displacement corresponding to the force at unstable crack initiation, F;,

3.24
crack arregt displacement
Sa
displacement corresponding to the force at the end\(arrest) of unstable crack propagation, F,

3.2.5
total displdcement
St
displacement at the end of the force-displacement curve

3.3 Characteristic values efimpact energy

3.31
energy at maximum fofce
Wm
partial impdct energyfroms=0tos=s,,

Note 1 to enty:Calculated as the area under the force-displacement curve froms=0tos=s,.

3.3.2

energy at unstable crack initiation
W,
partial impact energy from s =0 to s =s;,

Note 1 to entry: Calculated as the area under the force-displacement curve from s = 0 to s = s;,.

3.3.3
crack arrest energy
W.

a
partial impact energy froms=0tos=s,

Note 1 to entry: Calculated as the area under the force-displacement curve froms=0tos =s,.

2 © IS0 2023 - All rights reserved
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3.3.4

total impact energy

W,

t
energy absorbed by the test piece during the test

ISO 14556:2023(E)

Note 1 to entry: Calculated as the area under the force-displacement curve froms=0to s =s,.

4 Symbols and abbreviated terms

Symbol Designation Unit
/o Output frequency limit Hz
F Force N
F, Crack arrest force N
oy General yield force N
Fiu Unstable crack initiation force N
F Maximum force N
g Local acceleration due to gravity m/s?
h Height of fall of the centre of strike of the pendulum (see 1SO(148-2) m
K, Initial potential energy (potential energy), as specifiedin1S0O 148-1 ]
Ky Absorbed energy for a V-notch test piece, as specified\in ISO 148-1 J
m Effective mass of the pendulum corresponding to-its effective weight kg
s Displacement m
S, Crack arrest displacement m
50y General yield displacement m
Si4 Displacement at unstable crack initiation m
S Displacement at maximum force m
S¢ Total displacement m
b (t) Displacement of the test piece at time t m
t Time S
t Time at the beginhig of deformation of the test piece S
t, Signal rise tinie S
Vo Initial strikerimpact velocity m/s
b(t) Striker‘impact velocity at time ¢ m/s
|ZA Crackarrest energy ]
V. Energy at unstable crack initiation |
W Energy at maximum force J
W Total impact energy |

5 Principle

5.1 Thistest consists of measuring the impact force, in relation to the test piece bending displacement,
during an impact test carried out in accordance with ISO 148-1. The area under the force-displacement
curve is a measure of the energy absorbed by the test piece.

5.2 Force-displacement curves for different steel products and different temperatures can be quite
different, even though the areas under the curves and the absorbed energies are identical. If the force-
displacement curves are divided into characteristic parts, various phases of the test can be deduced
which provide considerable information about the behaviour of the test piece at impact loading rates.

© IS0 2023 - All rights reserved
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6 Apparatus

6.1 Testing machine

A pendulum impact testing machine, in accordance with ISO 148-2, and instrumented to determine the
force-time or force-displacement curve shall be used.

Comparisons between the total impact energy, W,, from the instrumentation (see 9.5) and the absorbed
energy indicated by the machine dial or encoder, Ky, shall be made.

NOTE The instrumentation and the machine dial or encoder measure similar but different quantities.
Differences afre to be expected (see Reference [0]J-

If deviation$ between Ky and W, exceed the larger between 10 % of Ky, or 2 ], the following(should be
checked:

a) friction|of the machine;
b) calibratjion of the measuring system;
c) softwarle used;

d) the poskibility of applying the so-called “dynamic force adjustmerit”’, see Reference [7], whereby
forces afre adjusted until W, and Ky become equal.

6.2 Instrumentation and calibration

6.2.1 Trateable measurement

The equipmient used for all calibration measurementsishall be metrologically traceable to national or
internationgl standards of measurement.

6.2.2 For¢e measurement

Force measfirement is usually achieved.by using two active electric resistance strain gauges attqched
to the standprd striker to form a forcé transducer. Examples of designs are shown in Annex A.

A full bridge circuit is made by two equally stressed (active) strain gauges bonded to opposite sides of
the striker dnd by two compeiisating (passive) strain gauges, or by substitute resistors. Compenspting
strain gauges shall not be-atfached to any part of the testing machine which experiences impdct or
vibration effects.

NOTE1 Alternatively)any other instrumentation to form a force transducer, which meets the required
performance|levels, €ah be used.

The force measuring system (instrumented striker, amplifier, recording system) shall have a resgonse
of at least 106-kHzwhich—ce et AR i

vare 7 Cp O O O a ;I ST

A simple dynamic assessment of the force measuring chain can be performed by measuring the
value of the first inertia peak. By experience, the dynamics of the measuring chain can be considered
satisfactory if a steel V-notch test piece shows an initial peak greater than 8 kN when using an impact
velocity between 5 m/s and 5,5 m/s. This is valid if the centres of the active strain gauges are 11 mm to
15 mm away from the striker contact point.

The instrumentation of the striker shall be adequate to give the required nominal force range. The
instrumented striker shall be designed to minimize its sensitivity to non-symmetric loading.

NOTE 2  Experience shows that with the V-notch test piece, nominal impact forces up to 40 kN can occur for
most steel types.

4 © IS0 2023 - All rights reserved
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6.2.3 Calibration

Calibration of the recorder and measuring system may be performed statically in accordance with the
accuracy requirements given below and in 6.2.4.

It is recommended that the force calibration be performed with the striker built into the hammer
assembly.

Force is applied to the striker through a special load frame equipped with a calibrated load cell and
using a special support block in the position of the test piece.

The contact conditions shall be approximately equal to those of the test and give reproducible results.

NOTH An example of a suitable support block for the calibration of a 2 mm striker is given in Apnex B.

The $tatic linearity error of the built-in, instrumented striker, including all parts-of‘the measurement
systdam up to the recording apparatus (printer, plotter, etc.), shall be within +2 %of the reqorded force,
between 50 % and 100 % of the nominal force range, and within *1 % of the full scale force value
between 10 % and 50 % of the nominal force range (see Figure 1).

For the instrumented striker and the measuring system alone (without hammer ass¢mbly), it is
recommended that the accuracy be +1 % of the recorded value between 10 % and 100 % of|the nominal
rangg.

Y
2 —_—

1,5

0 10 50 100 X

Key
X  1fecorded.value as percentage of nominal range
Y gbsoluteerror as percentage of nominal range

Flgure 1 — MaXximum permissibie error orf recorded values within the nominal force range

6.2.4 Displacement measurement
Displacement is normally determined from force-time measurements. See Clause 9.

Displacement can also be determined by non-contacting measurement of the displacement of the striker,
relative to the anvil, using optical, inductive, or capacitive methods. The signal transfer characteristics
of the displacement measurement system shall correspond to that of the force measuring system in
order to make the two recording systems synchronous.

The displacement measuring system shall be designed for nominal values up to 30 mm; linearity errors
in the measuring system shall yield measured values to within 2 % in the range 1 mm to 30 mm. A

© IS0 2023 - All rights reserved 5
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dynamic calibration of the displacement system can be achieved by releasing the pendulum without a
test piece in place, when the velocity is determined by Formula (1):

vo =~2gh (@8]

The velocity signal registered when the pendulum passes through the lowest position shall correspond
to velocity v,,.

[tisrecommended that displacements between 0 mm and 1 mm be determined from time measurements
and the striker impact velocity, using double numerical integration as described in 9.1.

6.2.5 Rec

Recording o
the accurac
an 8 bit ana
and 1 MHz
signal over
recommend

prding apparatus

f the dynamic signals is preferably achieved by digital storage recorders. In order to
es required in 6.2.3 and 6.2.4 with digital measurement and recording systems, at
ogue-digital converter, with a sampling rate of 250 kHz (4 ps), is required;hiowever, 1
hre recommended. A minimum storage capacity of 2 000 data points is'Tequired for
an 8 ms time period, if the recording is to be adequate; however,(8)000 data point
ed. For signals less than 8 ms, the required storage capacity may bereduced in propor

6.2.6 Calibration interval

It is recomr
12 months,

moving, rep
is recomme}
7 Testp
The test pie
also be testd

8 Testp

Perform the
and evaluat
fracture sta

9 Expre{

9.1 Gene

hended that calibration of the instrumentation be perférmed at intervals not exceg
br whenever the pendulum impact machine or instrunientation has undergone disman
pir, or adjustment. In the case of striker replacement with a previously calibrated stri}
nded that a calibration be performed, unless it cah'be demonstrated that it is not neceg
ece

ce is a Charpy V-notch test piece, innaccordance with ISO 148-1. Miniature test piece
d in accordance with Annex D.

rocedure

Charpy V-notch pendulum impact test in accordance with ISO 148-1. In addition, deter
e the force-displacement curve with respect to various characteristic deformation
bes. For miniature;test pieces, the additional provisions of Annex D shall apply.

s5sion of results

ral

meet
least
2 bit
each
5 are
tion.

ding
ling,
ter, it
sary.

b can

mine
and

If the displacement 1s not directly measured, calculate the force-displacement curve as follows. The
force-time relationship measured on the striker is proportional to the acceleration characteristic. Given
an assumed rigid pendulum of effective mass m, the initial impact velocity v, and the time ¢ following
the beginning of the deformation at ¢, the test piece bending displacement, s(t), is calculated by double
numerical integration using Formulae (2) and (3):

1 ¢t

v(t)=v, - toF(t)dt (2)
t

s(t)=] v(e)de (3)
0

© IS0 2023 - All rights reserved
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Evaluation of the force-displacement curve

Characteristic force-displacement curves of various types are shown in Figure 2, in order to simplify
evaluation and reporting. These can be classified in the following categories:

Type A and B (lower shelf);
Type C, D, and E (ductile-to-brittle transition);

Type F (upper shelf).

With force-displacement curves of Type A, only unstable crack propagation occurs. For Types B, C, D,

and
stab

Dete

f, various amounts of stable and unstable crack propagation can occur. With TypeF
e crack propagation occurs.

Fmine the type of force-displacement curve by comparison with the schemati¢ repi

given in Figure 2 (column 2). With force-displacement curves of Type A, no characterist

forcq

In th

that

betw
as sh

9.3

Dete
of th
oscil
forcd

Dete
after

Dete
curv

can be evaluated. With curves of Type B, only F, can be evaluated.

e following sections, the evaluation of the force-displacement curve.is eéxplained. It sho
vibrations are superimposed on the force-displacement signal, which arise from forcg
een the instrumented striker and the test piece. Generally, a fitted curve through the
own in Figure 3, yields reliable characteristic values.

Determination of the characteristic values of force

Fmine the general yield force, Fg , as the force at the intersection between the linear
b force-displacement curve, discarding the initialinertia peak(s), and the fitted curve
ations of the force-displacement curve following the onset of yield of the entire ligame
-displacement curves of Type C to Type F).

fmine the maximum force, F,, as the maximum value of the fitted curve through the
the occurrence of general yield.

rmine the unstable crack initiation force, F,,, as the force at the intersection betwegq

e through the oscillations,«after the occurrence of general yield, and the steeply dn

curves, only

resentations
cs values of

uld be noted
interaction
oscillations,

elastic part
through the

nt (Figure 2,

oscillations,

n the fitted
opping part

of thle force-displacement cure! If the steep drop coincides with the maximum recorded force, then
F;, =|F,, (force-displacement'curves of Type C or Type D).

Detefmine the crack arfest force, F,, as the force at the intersection between the steep|drop of the
forcd-displacement.e€urve and the fitted curve through the oscillations of the subsequent part of the
forcd-displacementetrve (force-displacement curves of Type B, Type D, or Type E).

9.4 | Determiination of the characteristic values of displacement

The fcharacteristic values of displacement given in 3.2 are the abscissa values of the characteristic
Valu 1 ] 9.3 lgure '))

NOTE1  The general yield displacement, s,,, can only be approximately determined using common measuring
apparatus. Consequently, s, is not generally used.

NOTE 2  Due to the steep drop in the force-displacement curve between F,, and F,, it is generally the case that
Siu X Sy

The total displacement, s, is only determined if the test piece becomes completely fractured during
the test and the force-displacement curve up to the fracture of the test piece is available. In such a case,
the fitted curve through the oscillations of the force-displacement curve approaches asymptotically

© IS0 2023 - All rights reserved
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the force F = 0. The total displacement, s, is given as the abscissa value of the fitted curve through the
oscillations corresponding to F = 0.

NOTE 3

If the force does not return to the baseline (i.e., F = 0) within the testing time selected but approaches

asymptotically a value F > 0, the total displacement, s;, can be identified as the abscissa value of the fitted curve
through the oscillations corresponding to F = 0,02 F,.

1 2 3 1 2 3
= 20
2 Fun=Fu
h:15
10 |
A D i
. I
|
0 |
5 10 |
T |
$. =S¢ s S s, mm Sgy Sm=Si=Sa
23
|
B
/ Fa
——
Sa St s
23
Fm = Fiu Z
i~
F : h:ls
& I
| ! 10
i
C : ;
| i 5
: i [
/| 1 U
1 i S b 5 10 15
S g, =su=s. S 4 /mm

Key
1  type of force-dis
2 schemat|cre

3 actual rec@ing

g

ment curve (see 9.2)

ntation

Figure 2 — Characteristic force-displacement curves and definition of values of force and

displacement
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Detefmine the energy at maximum force, W, by integrating the force-displacement curve

Determine the unstable crack initiation energy, W, , by integrating the force-displacement
s=0[tos =5y,

Detefmine the crack arrest energy, W,, by integrating the force-displacement curve from s

NOTH Due to the steep'drop in the force-displacement curve between F;, and F,, it is generally]
~ W,

Detefmine the torahimpact energy, W,, by integrating the force-displacement curve from s

10

The teStyreport shall include the following information:

a)

b)

ISO 14556:2023(E)

20 |-

8
Fa
4
0 | I
0 4 8 s

Figure 3 — Determination of the characteristic values of force

Determination of the characteristic values of impact energy

h*

ar

L

[est report

‘rom s =0 to

curve from

F0tos=s,.

the case that

FO0tos=s,.

a reference to this document, i.e. ISO 14556 (including its year of publication) and any deviations

from its procedures;

type of test piece (standard, subsize, or miniature). If subsize test pieces have been used, the
thickness of the test piece shall be reported. If miniature test pieces have been used, the cross-

section dimensions (width and thickness) of the test piece shall be reported;
identification of the test piece (grade, cast no.);

direction and location of sampling;

striker geometry (2 mm striker or 8 mm striker, see ISO 148-1);

identification and nominal energy of testing machine;

© IS0 2023 - All rights reserved
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g)
h)

j)

k)

D)

10

test temperature, in °C;

effectiv

e energy absorbed, Ky, or Kyg, according to ISO 148-1, in J. If a test piece is removed from

the machine without being fractured, the test result shall be bracketed, and the test piece should be
described as “not fully broken”;

type of force-displacement curve (A to F) according to 9.2 and an illustration of the force-time and/
or force-displacement curve;

the characteristic values of force, displacement, and impact energy determined in accordance with

%; M)

if requi

the formula used (see Annex C);
any unysual features observed;

the datg(s) of the test(s).

and 9.5;

"ed, the estimated value of the proportion of ductile fracture surface, with an indication of

© IS0 2023 - All rights reserved
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Annex A
(informative)

Examples of instrumented strikers

See Figure A.1 for examples of designs of instrumented strikers.

Dimrensionsin millimetres
20

55

35

15

—_
14,5

P
32

35

Key
1 strain gauge

Figure A.1 — Examples of designs of instrumented strikers

©1S0 2023 - All rights reserved 11


https://standardsiso.com/api/?name=cd108276a4fa5cc3423f64a785c870b0

ISO 14556:2023(E)

Annex B
(informative)

Example of support block for the calibration of a 2 mm striker

See Figure B.1 for an example of support block for the calibration of a 2 mm striker.

Ditrenstons trmitimetres
Surface roughness in mierometres

|-0,02

/S M)

55 +0,1
25
< S
7 : RZ5 n
= | : v/ d
L i v
l. Q
|' BETT
[ I
I3
0,01(A
R2,51 4 !

10 0,02

NOTE Minimum level of hardness = 56 HRC.

Figure B.1 — Example of support block for the calibration of a 2 mm striker
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Annex C
(informative)

ISO 14556:2023(E)

Formulae for the estimation of the proportion of ductile fracture

If in

(cury
to 1(
relat
fract

surface

tha courca aftha forca dicnlacamant A forcn tirnn ceun tharadc no ctoan dean Af €00 e Occurrin
the courseof the force-displacementorforece-timecurve-thereisno-steep-drop-offore g

propprtion of ductile fracture surface within 20 %.

Forn

F, —F
Proportion of ductile fracture surface=|{ 1 - 42
m
. . I Fiu B
Proportion of ductile fracture surface=| 1—
Fo+(Fp -

Fiu_F

Proportion of ductile fracture surface=| 1

Foy

| Fy+05(F,—Fyy)

242
F, «

VFu _Fa

FProportion of ductile fracture surface=| I'— 3

Refe]
exan|

VB En

res of type F in Figure 2), it can indicate that the ductile proportion of the fracture surface amounts
0 % of the total fracture surface. If a steep drop of force occurs, the magnitude 'of the drop, in
jon to other characteristic force values, allows an approximate value of the proporti¢n of ductile
ure surface to be obtained by using any of the following formulae, which-allow estimating the

€.1)

(C.2)

(C.3)

J %100 % (C4)

ulae (C.1) to (C.4) have been develobed by different laboratories and for different steels (see
‘ence [5]). The choice of the formula to be used should be based on previous experjence. As an
iple, Formula (C.3) is appropriate for pressure vessel steels.
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ISO 14556:2023(E)
Annex D
(normative)

Instrumented Charpy V-notch pendulum impact testing of
miniature test pieces

D.1 Gendral

This annex |describes the specific aspects concerning instrumented impact testing of miniaturg test
pieces of steel products and the requirements concerning the measurement and recordingequipment.

The provisipns of this Annex can be applied, by agreement, to other metallic materials and to ¢ther
impact testing machines, such as drop-weight towers or high-speed servo-hydraulic machines.

This instrurnented test provides further information on the fracture behavipurof the tested prodict at
impact loading rates.

The user shguld be aware that data obtained from miniature test piecesunay not be directly compafable
to those obfained from full-size standard Charpy V-notch test pieces and that suitable correlption
procedures have to be employed.

D.2 Apparatus

D.2.1 Testing machine

If the test mfachine has a potential energy not gréater than 50 |, the quality of the instrumentatiop can
be assessed| by comparing the total impactenergy, W,, from the instrumentation with the absqrbed
energy indifated by the machine dial, Ky- If deviations between the values exceed +10 % of Ky, the
following should be investigated:

a) friction|of the machine;
b) calibratjion of the measurifigsystem;
c) software used;

d) the pospibility of-applying the so-called “dynamic force adjustment”, see Reference [7], whdreby
forces afre adjusted until W, and Ky become equal.

D.2.2 For¢émeasuring system

Due to the more dynamic behaviour of miniature with respect to full-size test pieces, the force
measuring system (transducer, amplifier, and recording system) shall have an upper frequency of at
least 250 kHz. If only the absorbed energy is to be measured from the curve, an upper frequency limit
of 100 kHz is sufficient.

NOTE1 A simple dynamic assessment of the force measuring chain can be obtained by measuring the
maximum force value of the first initial peak. By experience, the dynamics of the measurement chain can be

considered satisfactory if a steel V-notch miniature test piece shows an initial peak greater than (0,23 x v,) kN.

NOTE 2  Experience shows that with the miniature test piece shown in Figure D.1, nominal impact forces up to
4 kN can occur for most steel types.
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