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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 ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

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 International Standard may be the| subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International| Standard ISO 14556 was prepared by Technical Committe€\ISO/TC 164, Mechanical|testing of
metals, Subgommittee SC 4, Toughness testing.

Annexes A tg C of this International Standard are for information only:
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INTERNATIONAL STANDARD ISO 14556:2000(E)

Steel — Charpy V-notch pendulum impact test — Instrumented
test method

1 Scope

This Intergational Standard specifies a method of instrumented Charpy V-notch pendulum impact tes
products and the requirements concerning the measurement and recording equipment.

This International Standard can be applied to other metallic materials by agreement.

This test pfovides further information on the fracture behaviour of the tested productt

2 Nornmpative references

The followfng normative documents contain provisions which, through'reference in this text, constitute

ting on steel

provisions of

this Interrjational Standard. For dated references, subsequent amendments to, or revisions of, any of these

publications do not apply. However, parties to agreements based on this International Standard are e
investigate the possibility of applying the most recent editions of the normative documents indicate
undated reference, the latest edition of the normative. document referred to applies. Members of
maintain registers of currently valid International Standards.

ISO 148-1| Metallic materials — Charpy pendulunimpact test — Part 1: Test Method.

ISO 148-2| Metallic materials — Charpy pendulum impact test — Part 2: Verification of test machines.

3 Terms and definitions

For the pufposes of this Interpational Standard, the following terms and definitions apply.

3.1 Chdracteristic values of force

ncouraged to
d below. For
SO and IEC

NOTE Characteristic values of force are expressed in newtons.

3.11

general yield-force

ng e . - - - - - -

force at the transition point from the linearly increasing part to the curved increasing part of the force-displacement
curve

NOTE It represents a first approximation of the force at which yielding has occurred across the entire uncracked-test-piece

ligament (see 9.3).

3.1.2

maximum force

Fm

maximum force in the course of the force-displacement curve

© 1SO 2000 — All rights reserved
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3.1.3

crack initiation force

=

iu

force at the beginning of the steep drop in the force-displacement curve

NOTE

3.14

It characterizes the beginning of unstable crack propagation.

crack arrest force

F

a

force at the end (arrest) of unstable crack propagation

3.2 Char

NOTE C

3.2.1
general yield

Sy

displacemen

3.2.2
displacemen

Sm
displacemen

3.2.3
crack initiatig

Su
displacemen

3.2.4
crack arrest

S

displacemen

3.25
total displacq

S
displacemen

3.3 Chara

teristic values of displacement

aracteristic values of displacement are expressed in metres.

displacement

corresponding to the general yield force, ng

at maximum force

corresponding to the maximum force, F,

n displacement

at the initiation of unstable crack propagation

lisplacement

at the end (arrest) of unstable crack propagation

ment

at the end of.the force-displacement curve

cteristic-values of impact energy

NOTE

Clluaracteristic values of impact energy are expressed in joules.

3.3.1

energy at maximum force

W,

m
partial impac

3.3.2

t energy froms=0tos=s,

crack initiation energy

W,

partial impact energy froms=0tos= g,

© 1SO 2000 — All rights reserved
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crack arrest energy

W

partial impact energy froms=0tos=s,

3.34

total impact energy

W

energy absorbed during the breaking of the specimen calculated from area under the force-displacement curve
froms=0tos=s

4 Sym

For the pJ

also Figures 2 and 3).

pbols and abbreviated terms

rposes of this International Standard, the symbols and abbreviations given in Table-1 are af

Table 1 — Symbols and designations

plicable (see

Symbol Designation Unit
fg Output frequency limit Hz
F Force N
Fa Crack arrest force N
ng General yield force N
Fiu Crack initiation force N
Fn Maximum force N
9, Acceleration due to gravity m/s®
h Height of fall of the centre of strike-of.the pendulum (see ISO 148-2) m
KV Absorbed energy as defined in ISO148-1 J
m Effective mass of the pendulum corresponding to its effective weight (see ISO 148-2) kg
S Displacement m
S, Crack arrest displacement m
Syy General yield displacement m
Su Crack initiation’displacement m

Displacement at maximum force m
S Total displacement m
t Time S
to Time at the beginning of deformation of the test piece S
t, Signal rise time s
Vv, Initial striker impact velocity m/s
A Striker impact velocity at time t m/s
W, Crack arrest energy J
W, Crack initiation energy J
W, Energy at maximum force J
W, Total impact energy J

© 1SO 2000 — All rights reserved
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5 Principle

5.1 This test consists of measuring the impact force, in relation to the test piece bending displacement, during an
impact test, carried out in accordance with 1ISO 148-1. The area under the force-displacement curve defines 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 with characteristic appearances can be deduced which
provide considerable information about the fracture behaviour of the test piece.

NOTE Theforce disptacenent turve carmot e used 1T Strengti catcutations of Structures: itis ot possibig to directly
determine the [lowest permissible operating temperature for a material in a construction.

6 Appargtus

6.1 Testing machine

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

Comparisong of the total impact energy, W, from the instrumentation withvthe absorbed energy indicafed by the
machine dial|KV, shall be made.

NOTE 1  THe instrumentation and the dial measure similar but different quantities. Differences in the readingg are to be
expected (see|l®! in the bibliography).

NOTE 2 If fleviations between the values exceed * 5 J, the following should be investigated:
a) the frictiop of the machine;
b) the calibrption of the measuring system;

c) the softwpre used.
6.2 Instrumentation and calibration

6.2.1 Tracdable measurements

The equipmeént used foryall calibration measurements shall be traceable to national or international standards of
measurement.

6.2.2 Forcg measurement

Force measurement is usually achieved by using two active electric resistance strain gauges attached to the standard
striker to form a force transducer. Suitable 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
and by two compensating (passive) strain gauges, or by substitute resistors. Compensating strain gauges shall not
be attached to any part of the testing machine which experiences impact or vibration effects.

NOTE 1  Alternately, any other instrumentation to form a force transducer, which meets the required performance levels, may
be used.

The force measuring system (instrumented striker, amplifier, recording system) shall have a response of at least
100 kHz, which corresponds to a rise time, t,, of no more than 3,5 ps.

4 © IS0 2000 — All rights reserved
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NOTE 2  The dynamic assessment of the force measuring chain can be simplified by measuring the value of the first initial
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 should be arranged to give the required nominal force range. The instrumented striker
shall be designed to minimize its sensitivity to non-symmetric loading.

NOTE 3  Experience shows that with the V-notch test piece, nominal impact forces between 10 kN and 40 kN occur for all
steel types.

6.2.3 Calibration

Calibration] of the recorder and measuring system may, in practice, be performed statically in accardance 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 via a special load frame equipped with a calibrated load-cell and using a special support
block in th¢ position of the test piece.

This suppdrt block shall have a high stiffness and its relevant parameters shall-be in accordance with the Charpy V-
notch test piece. The contact conditions shall be approximately equal to those‘of the test and give reprodufible results.

NOTE 1 |An example of the support block for the calibration of a 2 mm striker'is given in annex B.

The static|linearity and hysteresis error of the built-in, instrumented striker, including all parts of the feasurement
system up|to the recording apparatus (printer, plotter, etc.), shall*be within + 2 % of the recorded force, Hetween 50 %
and 100 % of the nominal force range, and within + 1 % of:the full scale force value between 10 % angl 50 % of the
nominal fofce range (see Figure 1).

NOTE 2 |For the instrumented striker alone, it is recomimended that the accuracy be + 1 % of the recorded yalue between
10 % and 100 % of the nominal range.

]

05

]

Error as p percentage of/nominal range

0 10 50 100
Recorded value as a percenfage of nominal range

Figure 1 — Permissible errror of recorded values within the nominal force range

© I1SO 2000 — All rights reserved 5
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6.2.4 Displacement measurement

Displacement is normally determined from force-time measurement. 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 dynamic calibration of
the displacenfent-systemcanbeachtevedbyreteasing-thepenc Tovithe estpreceinptacewhenrthg velocity is
determined bjy:

Vo = (2)
The velocity gignal registered when the pendulum passes through the lowest position should ¢orrespond to velocity v,.
It is recommended that displacements between 0 mm and 1 mm be determined fromtime measurement and the
striker impact velocity. In such a case, the following simplified relationship may be used:

s=(t1 b) 2)
The uncertainty of this approximation is less than 2 %, if the corresponding partiakimpact energy is less than 4 % of the effective
potential energy of the striker.
6.2.5 Recording apparatus
Recording ofthe dynamic signals is preferably achieved by digital storage recorders, with output of the test re¢sults to an
X-Y printer gr plotter. In order to meet the accuracies reguired in 6.2.3 and 6.2.4 with digital measurgment and
recording sygtems, at least an 8 bit analogue-digital canverter, with a sampling rate of 250 kHz (4 us), is jnecessary;
however, 12 pit is recommended. A storage capacity'0f.2 000 data points is required for each signal over ar] 8 ms time
period, if the fecording is to be adequate. For signals-less than 8 ms, the required storage capacity may be |reduced in
proportion.
When valueg are determined from force-displacement graphs, sufficient precision is achieved by producing graphs at
least 100 mn high by 100 mm wide.
6.2.6 Calibfation interval
It is recommended that calibration of the instrumentation be performed at intervals not exceeding 12 months, or
whenever thg pendulum impact machine or instrumentation has undergone dismantling, moving, repair or adjustment.
In the case df striker replacement, it is recommended that a calibration be performed, unless it can be defonstrated
that it is not necessary.
7 Test Piece

The test piece is a Charpy V-notch test piece, which shall be in accordance with 1ISO 148-1.

8 Test procedure

Perform the Charpy V-notch pendulum impact test, in accordance with ISO 148-1. In addition, determine and evaluate
the force-displacement curve with respect to the characteristic phases of the deformation and fracture stages.

© 1SO 2000 — All rights reserved
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9 Expression of results

9.1 General

If the displacement is 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 t following the beginning of the deformation at t,, the test
piece bending displacement is calculated by double numerical integration:

t
V(1) = v = — [ E(t)dt
b=—

3)
to
t
() ={] Wydt (4)
0

9.2 Evajuation of the force-displacement curve
Characterigtic force-displacement curves of various types are given in Figure(2, in order to simplify eyaluation and
reporting. These can be arranged in an approximate order in relation to the impact energy curve;
— TypelAand B Lower shelf
— Typel|C,D,and E  Transition
— Typel|F Upper shelf
With forcetdisplacement curves of Type A, only unstable crack propagation occurs. For Types B, C, D and E, various
amounts gf stable and unstable crack propagation can occur. With Type F curves, only stable crack propagation
occurs.
Determine|the type of force-displacement curve by comparison with the schematic representations given |n Figure 2. A
condition for further evaluation of the ferce-displacement curve is the occurrence of a clear yield force, Fgy- Force-
displacement curves of Type A and B cannot be evaluated.
In the follopving sections, the evaluation of the force-displacement curve is explained. It should be noted that vibrations
are superimposed on the force-displacement signal, which arise from force interaction between the instrumented striker
and the test piece. Generally, a fitted curve through the oscillations, as shown in Figure 3, yield| reproducible
characterigtic values.
9.3 Detgrmination of the characteristic values of force
Determine|the) general yield force, F,,, as the force at the intersection of the steeply rising part of second peak of the

force-displacement curve and the fitted curve through the oscillations of the force-displacement curve following the
onset of yield of the entire ligament (Figure 2: force-displacement curves of Types C — F).

Determine the maximum force, F,,,, as the maximum value of the fitted curve through the oscillations.

Determine the crack initiation force, F;,, as the force at the intersection of the fitted curve through the oscillations and
the steeply dropping part of the force-displacement curve. If the steep drop coincides with the maximum recorded force,

then F,, = F,, (force-displacement curves of Types C or D).
Determine the crack arrest force, F,, as the force at the intersection of the steep drop of the force-displacement curve

and the fitted curve through the oscillations of the subsequent part of the force-displacement curve (force-displacement
curves of Types D and E). If the unstable crack is not arrested, F, = 0 (force-displacement curve type C).

© 1SO 2000 — All rights reserved
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9.4 Determination of the characteristic values of displacement

The characteristic values of displacement given in 3.2 are the abscissa values of the characteristic values of force
determined according to 9.3 (see Figures 2 and 3).

NOTE 1

Consequently the specification of Sy is not generally used.

NOTE 2

The general yield displacement, Sy can only be approximately determined using common measuring apparatus.

Due to the steep drop in the force-displacement curve between F,, and F, it is generally the case that s, ~ s,.

The total displacement, s, is only determined if the test piece becomes completely fractured during the test and the

force-displac

Pment curve up to the fracture of the test piece Is availlable. In such a case, the fitted curve. ]

hrough the

oscillations of the force-displacement curve approaches asymptotically the force F = 0. The total displacement, s, is
given as the abscissa value of the fitted curve through the oscillations at F = 0,02 F,,.
1 2 3 2 3
2 2
u W2k w Fn = Fu woh
20 20
» 16 16
A 12 12
8 8
L 4
h (JELIY 0
Sgy Sm = Siu=® Sa
0 2 4 6 8 10 s 2 4 6 8 10
S, mm S, mm
= =
X X
4 < oh w2k
20 20
, 16 16
B 12 12
8 8
F. |
2 A A
A 5 . =
Sgy Sm Su=*S: S
0 2 4L 6 8 10 2 L 6 8 10
S, mm 5, mm
2 2
4 —_— Wk w k. Wk
; 201 / 20
9y F, o
16 L) 16 NG
12 12
C 8 HINIIEEEEEEEN 8 [T 1T m Eii
H N
EER
4 4 N NN
m 0 - - - 0 EH\ 1
Sy Sn = Su 0 2 4 6 8 10 v 2 L6 810
S, mm 5, mm
Key
1 Type

2 Schematic representation

3 Actual recording

Figure 2 — Characteristic force-displacement curves and definition of values of force and displacement
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Determine]
froms=0

Determine
froms=0

Determine
froms=0

NOTE

Determineg|
froms=0
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=
X
w20 |
Fan

16 — Fiu

12 19 Fay

8

Fa
¢
A
0 | |
0 IA 8 S, mm

Figure 3 — Determination of the characteristic values of force

brmination of the characteristic values of impact energy

the energy at maximum force, W,,, Joy finding the surface area under the force-displag
0S= S,

the crack initiation energy, "W

i by finding the surface area under the force-displag
0S=S§,

the crack arrest energy, W, by finding the surface area under the force-displac
0S=s,.

Due to the stegp drop in the force-displacement curve between F,, and F,, it is generally the case thaf

the total impact energy, W, by finding the surface area under the force-displac
0,S=$.

ement curve

ement curve

Ement curve

Pment curve

9.6 Determination of the proportion of ductile fracture surface

If, in the course of the force-displacement or force-time curve, there is no steep drop of force occurring (curves of
type F in Figure 2), it may indicate that the ductile proportion of the fracture surface amounts to 100 % of the total
fracture surface. If a steep drop of force occurs, the amount of the drop, in relation to other characteristic force values,
allows an approximate value of the proportion of ductile fracture surface to be obtained by using formulae such as
those given in annex C.

© 1SO 2000 — All rights reserved
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10 Test Report

The test report shall include the following information:

a) reference to this International Standard, i.e., ISO 14556;
b) dimensions of the test piece;

¢) identification of the test piece (grade, cast No.);

d) direction and location of sampling;

e) the radiuk of the striker;

f) identification and nominal energy of testing machine;

g) testtemperature in degrees Celsius;

h) effective|lenergy absorbed, KV, according to ISO 148-1, in joules. If a test piece.is.removed from the machine
without if being fractured, the test result shall be bracketed and the test piece 'should be described as “not fully

broken”;

i) type of force-displacement curve according to 9.2. If the force-displacément curve cannot be assigred as one
of the Types A to F given in Figure 2, the test report shall include an illustration of the curve;

j) the characteristic values of force, displacement, and impact energy determined in accordance with 9|3, 9.4 and
9.5 in sd far as the force-displacement curve can be evaluated;

k) if required, the estimated value of the proportion of ductife fracture on the fracture surface, with an indication of
the formpla used.

10 © IS0 2000 — All rights reserved
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(informative)
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Designs of instrumented strikers and associated force-displacement curves

20

Dimensions in millimetres

12

55

35

s, mm

15

35

il

==

(=)
—_
(=)

32 4S8

Key
1 Strain gauge
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Figure A.1
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Annex B

(informative)

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

Dimension in millimetres

Surface roughness in micrometres

L ano Ground
=002
ﬁ Ra 3,2/ ( / Ra 08/ )
55 +0,1
25 M 0,01]A
o 3 1
(=] [}
+ I
e | R 25 =
| - >
| 18¢
—J_ 0,011 A
R 2,01 £0,02
L foor|a =1
N // 0,01 A
O_
<
=
|
[
[ ]|
[ 1]
[
]
£
NOTE Minimum level of hardness = 56 HRC
Figure B.1
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