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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 179-2:2020(E)

Plastics — Determination of Charpy impact properti

Part 2:
Instrumented impact test

1 conea
h

€s —

COUPpPT

1.1 | This document specifies a method for determining Charpy impact properties_of
forcetdeflection diagrams. Different types of rod-shaped test specimens and test ¢onfigurat
as tegt parameters depending on the type of material, the type of test specimen and the type
definged in ISO 179-1.

Dynamic effects such as load-cell/striker resonance, test specimen gesonance and ini
inertja peaks are described in this document (see Figure 1, Curve b, andAnnex A).

1.2 |ISO 179-1 is suitable for characterizing the impact behaviour by the impact strength
using apparatus whose potential energy is matched approximately to the particular ene
to bel measured (see ISO 13802:2015, Annex E). This docuinent is used to record a force-

lastics from
ions, as well
of notch, are

tial-contact/

only and for
rgy to break
Heflection or

forceftime diagram for detailed characterization of the impact behaviour, and for developifg automatic

apparatus, i.e. avoiding the need to match energy.
The method described in this document is also suitable for:
— Jcquiring more and different materials.characteristics under impact conditions;

— dupervising the Charpy test proceédure, as this instrumentation allows detectio

Qo

— Jutomatically detecting the type of break;
— pendulum type instruments to avoid frequent changes of pendulum hammers;

— r1heasuring fracturedmechanical properties described in other ISO standards.
1.3 | For the range.of materials which can be tested by this method, see ISO 179-1:2010, Cl

1.4 | For the'geéneral comparability of test results, see ISO 179-1:2010, Clause 1.

perational mistakes, such as the specimen not being in close contact with the supports;

n of typical

wn

]

huse 1.

1.5 |Information on the typical behaviour of materials can be obtained by testing

at different

temperatures, by varying the notch radius and/or specimen thickness and by testing specimens prepared

under different conditions.

It is not the purpose of this document to give an interpretation of the mechanism occurring at every

point on the force-deflection diagram. These interpretations are a task for on-going scienti

fic research.

1.6 The test results obtained with this method are comparable only if the conditions of test specimen
preparation, as well as the test conditions, are the same. The impact behaviour of finished products

cannot, therefore, be predicted directly from this test.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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 179-1:2010, Plastics — Determination of Charpy impact properties — Part 1: Non-instrumented

impact test

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 2602, St
ISO 16012, A
[SO 13802:2
impact-testii
3 Terms

For the purp
[SO and IEC

atistical interpretation of test results — Estimation of the mean — Confidence interval

lastics — Determination of linear dimensions of test specimens

015, Plastics — Verification of pendulum impact-testing machines — Charpy, lzodvand t
g

and definitions

oses of this document, the terms and definitions given in ISO 1791 and the following 3

maintain terminological databases for use in standardization‘at the following addres{

— ISO Online browsing platform: available at https://www.iso.orgf{obp

IEC Elec

31

tropedia: available at http://www.electropedia.org/

impact velocity

Vi

velocity of the striker relative to the test specimen supports at the moment of impact

Note 1 to ent]

3.2
inertial pea
first peak in

Note 1 to ent
contact with

3.3

impact forc
F

force exerte

y: Itis expressed in metres per second ' (m/s).

k
a force-time or force-deflection diagram

"y: Inertial peak ariseS from the inertia of that part of the test specimen accelerated after th
he striker (see Figure 1, Curve b, and Annex A).

e

by thie striking edge on the test specimen in the direction of impact

ensile

ipply.

b first

A NAY

Note 1 to entt

. Jd3 4 L
y- 1S CAPl COSTU TIT IITVWLUIILS LIVJ.
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' o .

Sm Su Sp

a) Force-deflection (N and C,t)

Y
FM
Cb
FI
{ 1
01/ ? AN
0 t tg X2
b) Force-time (C,b)

Key
X1 deflection(s) after impact in millimetres tg time at break
X2 tjmefafter impact in milliseconds, ms sg deflection at break
Y fprce/(F) in newtons, N N __ no break, specimen pulled through
Fy maximum impact force C,t complete break, tough
F;  peak force of inertial peak C,b complete break, brittle
sy deflection at maximum impact force Fy; 1 5% of the maximum impact force

s, limiting deflection, beginning off pull-through

NOTE For the types of failure, see Figure 2.

Figure 1 — Typical force-deflection and force-time curves
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3.4
deflection
s

displacement of the striker relative to the test specimen supports after impact, starting at first contact
between striker and test specimen

Note 1 to entry: It is expressed in millimetres (mm).

3.5

impact energy

w

energy expep

Note 1 to ent]

3.6
maximum i
Fy .
maximum v
Note 1 to ent
Note 2 to ent

3.7
deflection 4

SM

deflection (3]
Note 1 to ent
Note 2 to ent]

3.8
energy to n
Wy
energy expe

Note 1 to ent]

3.9
deflection 4

SB
deflection (3
force (3.6)

Note 1 to ent]

y: Itis expressed in joules (]).

mpact force
hlue of the impact force (3.3) in a force-time or force-deflection diagram

y: See Figure 1.

y: Itis expressed in newtons (N).

t maximum impact force
14) at which the maximum impact force (3.6) occuks

y: See Figure 1.

y: Itis expressed in millimetres (mm).

aximum impact force

hded up to the deflection at-maximum impact force (3.7)

y: Itis expressed in joules(]).

tbreak

14) at whieh(the impact force is reduced to less than or equal to 5 % of the maximum in

y-See'Figure 1.

3.4)

npact

Note 2 to entry: It is expressed in millimetres (mm).

3.10

impact energy at break

Wy

impact energy (3.5) up to the deflection at break (3.9)

Note 1 to entry: It is expressed in joules (]).
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Char
Char

ISO 179-2:2020(E)

py impact strength
py notched impact strength

dcy (acN)
impact energy at break (3.10) relative to the initial central cross-sectional area A (4y) of the unnotched

(notched) specimen

Note 1 to entry: It is expressed in kilojoules per square metre (k]J/m?).

Note 2 to entry: See 8.4 and ISO 179-1:2010, 3.1 and 3.2.

3.12

type
type

Note
See Fi

Note

these
to giv
shear
and I

Note
identi
failur

Note
on th{

of failure
pof deformation behaviour of the material under test up to and including the breaking

| to entry: Failure types are: complete break (3.13), hinge break (3.14), partial break (3.15), non
gure 2.

P to entry: Typest, b and s represent subgroups of the complete break C and hinge break H defiy
types, values of the impact energy at break Wy, and thus for the Charpy impact strength, ma
e a common mean value. For specimens giving a partial break P and for materials exhibiting
fracture, see ISO 179-1:2010, 7.7. For specimens showing more than one failure type, see ISO 1
0 179-1:2010, Clause 10 1).

B to entry: As can be seen from Figure 2, the deflection and the impact energy at maximn
cal to the deflection and impact energy at break in the case.of splintering failure (see Curve
E (see Curve b), where unstable cracking takes place at the.maximum impact force.

1 to entry: Usually, complete and hinge breaks cannot be differentiated in an automatic asse
e force-time or force deflection-curve.

Y Y
800
N p
600 s, .
400 | v .
200 .
X X
O'\ I I I 1 I I I
10 20 30 40 0 10 20 30 40
Y
800 Y Y
Gt Cb Cs

pvent

-break (3.16).
ed below. For
y be averaged

interlaminar
79-1:2010, 7.7

um force are
s) and brittle

ssment based

600 . . h
A | ﬂ
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Key

N  no break (3.16) s, deflection limit; beginning of pull-through

P partial break (3.15) x  deflection s after impact in millimetres

C  complete break (3.13) y  impact force in newtons, N

NOTE 1 Due to the different modes of deformation, force-deformation curves obtained using this document

show features which are different from those obtained using ISO 6603-2[1l. In particular, the first damage event
in instrumented puncture tests frequently appears as a slight sudden force decrease (crack initiation), followed
by a gradual force increase. Force increases after crack initiation are never observed in instrumented three-point-
bending impact tests. Furthermore, inertial effects are not as pronounced in plate impact tests as they are in bending

impacts tests
NOTE 2 The
in the F-s-dia
document. Th
would better
NOTE 3 This
assign the tyq
below is an eX

(see Annex A).

bram labelled C,t, the breaking behaviour was rated as less ductile than in case P when draftis
erefore, the letter “t” was used instead of “d”, which could be associated with ductile behavio
hpply to break types N and P.

document can be applied to automatic testing routines. For this it is also necessary to-automa
es of break by a suitable assessment of the force-time or force deflection traces/observed. Thq
ample of assessment rules that have been used successfully. Both rules are to beunet for assigni

srowth

g the
r and

tically
table
nent.

Type of break Rule for deflection Rule.for force
3
Sp2 S, F(s) c*Fy
Non break s =31mm The factor.¢was determined experimentdlly
L= and setto€=10,3
Fo<Efsp) < c*Fy
Partial break Sg 2 SL Egis'the level of force at which the test is fon-
sidered to be finished, e.g. F; = 0,05*F,
Types: (sg-sy) < 1mm
Typeb: (sg-sp) <2mm
Complete br¢ak Typet: (sg - sp) z2mm
sp is the deflection after sy,
where the steepest decline
of the F-$xcurve occurs
Figure 2 — Typical force-deflection curves showing different failure modes for Type 1
specimens tested edgewise
3.13
complete break
C
break wherg the specimen separates into two or more pieces, subdivided in the following behavioprs:

Note 1 to ent]

y+See Figure 2.

3.13.1

tough break

t

yielding followed by stable cracking, resulting in a force at the deflection limit s; which is less than or

equal to 5 %
3.13.2

of the maximum force

brittle break

b

yielding followed by unstable cracking

© IS0 2020 - All rights reserved
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3.13.3

splintering break

s

unstable cracking followed by splintering

3.14

hinge break

H

incomplete break, such that one part of the specimen cannot support itself above the horizontal when
the other partis held vertically (less than 90° included angle)

3.15
partial break
P
incomplete break that does not meet the definition for a hinge or complete break

Note [ to entry: For automatic detection resulting in a force at the deflection limit s; which is greater than 5 % of
the maximum force.

3.16
non-preak
N
yield|ng followed by plastic deformation up to the deflection lingit,'s;

Note [ to entry: The test specimen shows extended plastic deformation but no visible fracture surfhces.

4 Principle

A rod-shaped test specimen, supported near its elids as a horizontal beam, is impacted perpendicularly,
with[the line of impact midway between the supports, and bent at a high, nominally constant velocity.
During the impact, the impact force is recorded as a function of time and/or deflection. Depending on
the IIethod of evaluation, the deflection(of the specimen may be either measured directly by suitable
meaguring devices or, in the case of €nergy carriers which give a frictionless impact, calgulated from
the ipitial velocity and the force as‘a function of time. The force-deflection diagram obtained in these
tests|describes the high-bending=rate impact behaviour of the specimen from which severpl aspects of
the material properties may be-inferred.

5 Apparatus
5.1 | Test machine

5.1.1] Basic components

The basic components of the test machine are the energy carrier, the striker and the frame with its
specimen supports. The energy carrier may be of the inertial type (e.g. a pendulum or free-falling dart,
which may be spring- or pneumatically assisted before impact) or of the hydraulic type.

The test machine shall ensure that the specimen is bent by the impact at a nominally constant velocity
perpendicular to the specimen length. The force exerted on the specimen shall be measurable, and its
deflection in the direction of impact shall be derivable or measurable.

If the test machine is of the pendulum type it shall be verified according to ISO 13802:2015, Clause 6
and Annex A, as applicable.

5.1.2 Energy carrier

For the low-energy pendulum types specified in ISO 179-1 (see also ISO 13802:2015, Annex A), the
impactvelocity, v}, is (2,90 £ 0,15) m/s and for the high-energy typesitis (3,8 £ 0,2) m/s. For the purposes

© IS0 2020 - All rights reserved 7
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of comparing impact strength data obtained using this method with data obtained in accordance with
ISO 179-1, the impact velocity used in this document shall be (2,90 + 0,15) m/s, although it may be
desirable to also use the impact velocity v; = (3,8 + 0,2) m/s.

NOTE1 The height of the inertial peak F; (see Figure 1, Curve b), and also the amplitudes of the subsequent
vibrations of the specimen, increase with increasing impact velocity. For basic information about these vibrations,
see Annex A and References [1] and [3]. For further information about the interpretation of the inertial peak and

the damping of vibrations, see Annex A.

NOTE 2

For special applications, e.g. testing precracked test specimens to obtain data on fracture properties,

it is useful to use a lower impact velocity of, for example, 1 m/s + 0,05 m/s to reduce the vibrations mentioned

in NOTE 1.

To avoid obt
under test, t
less than 50
0 % and 20

For the sakg
carriers larg
work capaci

The hydraul

In the case
drop heights
of 1,54 in th

The maximy
carriers sma

Formula (1):
E/W">

where W* if
and NOTE 2

This conditi
Annex D). It
impact testi
because plas

5.1.3 Striking edge and test specimen support

The striking
Regarding v

pining results which cannot be compared due to the viscoelastic behaviour of the-ma
he decrease of velocity during impact shall not exceed 10 % if the energy carrier\is raf
| at the speed being selected for testing. These mass carriers allow measurements bet
o of their nominal work capacity, E.

er or equal to 50 | at the speed selected for testing, a range of 0 % to’80 % of its noj
'y is permitted, this leading to a decrease of speed of 55 % in extreme cases.

c-type energy carrier is a high-speed impact-testing machine'with suitable attachme;

pf gravitationally accelerated energy carriers, the above, impact velocities correspo
of (43 £ 5) cm and (74 + 7) cm, respectively, the latterrepresenting an increase by a f
e kinetic energy E at impact if the same energy carrier is used at both impact velocitie

ller than 50 | the kinetic energy E in joulesyat impact shall satisfy the condition givj

the highest value, in joules,.of the energy to be measured (see ISO 13802:2015, Anr
above).

bn is in accordance with-the conditions given in ISO 179-1:2010, 7.3 (see 1SO 13802:
ensures that the change in velocity during impact is comparable to that in convent
ing, and consequently the values of impact strength are comparable. This is impol
tics are bendingyrate-sensitive, especially at temperatures close to transition temperat

edge\and the test specimen support shall fulfil the conditions of ISO 13802:2015, Anr
brification of these elements, ISO 13802:2015, 6.3 applies.

terial
ed to
ween

of extending the application range of pendulum impact instruments,*in case of efergy

minal

hts.

nd to
actor

b.

Im permitted decrease in velocity during impact specified above means that for epergy

en as

M

ex D,

015,
ional
rtant,
ures.

ex A.

Any material with sufficient resistance to wear and sufficiently high strength to prevent it from being
deformed, as well as being capable of transmitting the forces exerted upon the specimen to the load-
measuring device, can be used for the striking edge.

NOTE 1

can be used to increase the natural frequency of the load-measuring system.

NOTE 2

Experience shows that steel is generally suitable. However, a material of lower density, e.g. titanium,

Test specimens (Type 1, edgewise impact) can show the tendency to flip over. The effects of such

instability phenomena can be decreased by attaching guide elements to the hammer close to, but not connected
to, the instrumented striking edge, allowing passage of the test specimen but close enough together to prevent
the central part of the specimen from twisting to any great extent.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=f89cd5c9ca9620eb12c695d854f3892e

ISO 179-2:2020(E)

5.1.4 Frame

For pendulum impact testing machines, the frame of the test machine shall be levelled to conform to
[SO 13802:2015, Annex A.

When calculating deflections from the Kkinetic energy of the energy carrier, the ratio mg/m of the mass
of the frame to the mass of the energy carrier shall be at least 10 (see Annex B and Notes 1 and 2 below).
For directly measured deflections, this ratio is a recommendation only. Impact-testing machines are
generally susceptible to acoustic vibrations. Therefore, the centre of gravity of the frame shall be
positioned in the line of impact.

NOTE_1 ISO 13802:2015, Annex D recommends a pendulum mass to foundation mass ratio of 40:1 in order
to mipimize the energy transfer into the foundation. However, here the force exerted by the strlker upon the
specifnen and its deflection are determined, and any energy transfer into the foundation does not|influence the
test result.

NOTH2  The value of 10 for the ratio my/m prevents the frame from being accelerated at the end of the test to
morelthan 1 % of the impact speed (see Annex B).

5.1.5] Losses due to friction

If a pendulum impact type machine is used, it shall either fulfil the réquirements of ISO 13802:2015, 6.7,
or it §hall be equipped with instrumentation to determine the exdact impact velocity, v;.

If a fglling dart type or a hydraulic machine is being used, it:shall be equipped with instrumentation to
detenmine the exact impact velocity, v;.

5.1.6 Impact velocity measurement

For falling mass instrument types not fulfilling\the requirements of ISO 13802:2015, 6.7, the impact
velodity shall be measured at a vertical midpoint distance of not more than 25 mm frqm the point
of imfpact.

The distance over which the impact speed is measured shall not be longer than 15 mm to avoid
significant effects due to acceleration.

The measurement of this impactvelocity shall be accurate to +1 %.

The measured velocity shallbe corrected by the increase of velocity between the point of measurement
and the point of impact.Sée Formula (2):

o =V +2-gAH (2)

wherje

W, Zis the impact velocity in m/s;

v* is the velocity of the striking edge at the speed measurement point, in m/s;

AH isthe vertical travel distance of the mass between the mid-point of speed measurement and the
point of impact in m.

For dart drop type instruments, working by a vertical movement of the mass, the instantaneous speed,
t; can be determined without need for measurement of AH by Formula (3):

: L9 F () 3
v, =V +g-ti—z'|‘0 (t)dt (3)

© IS0 2020 - All rights reserved 9
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where

Vi

is the velocity at any moment in time ¢, in m/s;

F(t) is the force, in newtons, measured at a time, t, after the determination of v*;

t.

1

m

is the time elapsed since the moment of measurement of v* in s;

is the mass of the energy carrier, in kg.

Determine t

_ *
Vo=V +
where At is

5.2 Instru

5.2.1 Ford

To measure
piezoelectri
of force mea
accuracy of

measurement system shall be calibrated as set up ready for use. Calibration may be perfo

statically (e

range for which the force measurement system works-within an accuracy of +1 % of the reading

be indicated

The natural
than three t

NOTE1 Fo
frequency, f,,
difference be

Furthermore

[see Figure 1,
basic inform4g

It is recomnpended that the force-measurement system be designed so that negative forces afte
[y the

inertial pea
forces involy

he impact velocity, v, using either Formula (2) or Formula (4):

g- At
he time elapsed between the measurement of v* and the moment of impact:
ments for measuring force and deflection

e measurement

the force exerted on the specimen, the striker may be‘equipped with strain gauge;
F transducer, which may be placed close to the striking edge. Any other suitable mg
surement is acceptable. The measurement system shall be able to measure forces wi
+1 % of the maximum impact force, Fy;, whichvhas occurred during the test. The

g. by imposing known loads on the striker},or dynamically (see e.g. Reference [4])

frequency, f,, of the force-measurement system in the test configuration shall be gr
mes the resonance frequency, f ,of the specimen after impact (see NOTE 1).

I plastics test specimens, thesrésonance frequency, f,, is of the order of 2 kHz to 10 kHz. A n
of 30 kHz for the force-meastrement system is generally acceptable for plastics. The great
ween f, and f;, the easjer, the detection of crack initiation and growth.

this requirement- makes it possible to differentiate between oscillations in the test spe
b) part of trace/to the left of t5] and those in the force-measurement system (to the right of ¢}
tion relating £o.the nature of the vibrations occurring in Charpy tests, see e.g. Reference [2].

k arecminimized. This ensures that the system is fast enough to measure correctl
red’in‘specimen deflection (see NOTES 2 and 3). A force-measurement system with ¥

the size of thhenegative force following the inertial peak does not exceed 20 % of the peak value

(4)

ora
pthod
h an
orce-
rmed
. The
shall

eater

htural
br the

Fimen
). For

r the

vhich

f the

inertial peak is acceptable (see Figure A.2).

NOTE 2

The force-measurement system will be excited to oscillate at its natural frequency by the impact. The

amplitude of this oscillation depends on the mass and the stiffness of the system, which in turn are determined
by its design. During the period of time when contact is lost between the striking edge and the specimen, i.e.
after the inertial peak, negative forces can be observed if the amplitude of the excited oscillation is large, and
the effective mass “pulls” at the force-measurement device. These negative forces are not related to specimen
deflection, however.

NOTE 3  Vibration of the specimen [see Figure 1, b)], as well as noise on the force-time-trace, generate
uncertainties in the maximum impact force Fy; but almost no uncertainty in the energy to maximum impact force
or the energy at break.

The upper bandwidth limit of the amplifier train (direct-current or carrier-frequency amplifier) shall
be selected so that it does not cut across the frequency response of the test device.
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If post-impact filtering is used, the type of filter and its basic characteristics shall be given in the test
report [see Clause 10, item m)].

In order to monitor the inertial peak adequately, the duration of which ¢ (see Figure 1, b) is typically
0,1 ms, and the following vibrations which, depending on the modulus of the specimen, are in the range
2 kHz to 10 kHz, the sampling frequency of the force-measurement system (transient recorder) shall be
atleast 100 kHz.

The sampling frequency used (=100 kHz) and the time to break ¢y (<13 ms) determine the amount of
storage capacity that needs to be provided.

5.2.2

PDeflectiommeasurenment

The (
the fq

leflection of the specimen as a function of time may be either calculated by double integration of
rce-time curve (see 8.2) or measured directly.

If def

force

Instr

lections are measured directly, the same sampling frequencies shall be-tised as fo
The resolution of the time measurement and that of the distance measurement shall

pments used to measure the force and deflection, which show a.difference in their s

- the impact
be matched.

ignal-transit

timeg, generate an offset in the force-deflection curve. This offset increases in proportion tjo the impact
velodity. The time traces shall be synchronized by a time shift corresponding to the [transit-time
diffefence.

5.3 | Micrometers and gauges

Micr¢meters and gauges shall allow to determine:the relevant dimensions of the test specimens
with |an uncertainty not larger than 0,02 mm. Forthe determination of the dimension bf; of notched
test $pecimens measuring tips appropriate forthe contour of the notch shall be used.|For general
information on determination of specimen dimensions, see ISO 16012.

6 Test specimens

Test $pecimens shall conform to ISQ 179-1:2010, Clause 6.

7 Procedure

7.1 | Condition the-test specimens according to ISO 291 for at least 16 h at (23 % 2) °C/|
R.H. finless specifieddifferently in the relevant material standard, or as agreed. Conduct t}
same
short
mech

(50 + 10) %
e test in the
atmosphefre-as used for conditioning or ensure that the time between conditioning and testing is
enough.to’ prevent the specimens from undergoing any changes in their material stafe and hence
anical;behaviour.

For tests at temperatures below or above 23 °C, the test specimens shall be transferred from the
cooling/heating unit to the supports. The transfer time (equal to time interval between taking the
specimen from the cooling unit until the test is started) shall not be greater than 10 s.

NOTE Moisture sensitive materials like Polyamide are frequently tested in the dry state. Moisture uptake
from the laboratory atmosphere softens the surface layer of dry test specimens and over time leads to an increase
of the impact strength. It has been shown that dwell times of dry test specimens in the standard laboratory
climate [ISO 291, class 2, (23 £ 2) °C/(50 + 10) % R.H.] of 30 min do not significantly change the impact strength.
For dry PA6 a storage time of 3h under these conditions leads to an increase in impact strength of less than 5 %.

7.2 Determine the width and thickness of the specimens in accordance with ISO 179-1:2010, 7.2.

7.3 Check that the test machine has the specified impact velocity (see 5.1.2) and that, for inertial-type
carriers, the mass of the carrier is the minimum required value (see 5.1.2). Record the impact velocity to
an accuracy of +1 %.
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7.4 Bring the energy carrier into its starting position. Position a specimen on the supports in

such

a manner that the striking edge will hit the centre of the specimen. Align notched specimens so that
the centre of the notch is located directly in the plane of impact (see left-hand side of ISO 179-1:2010,

Figure 1).

7.5 Release the energy carrier. Record the force exerted during the impact, and, if applicable, the

deflection of the specimen, as a function of time.

7.6 After the test, assign failure types according to 3.12.

8 Calculation and expression of results

8.1 General

Take the forjce-time curve, and, where applicable, the deflection-time curve, obtained-during th
as the test result. Other results shall be calculated employing these data. For the.calculation of ir
energies, force as a function of deflection is required (see NOTE).

It is necessdry to differentiate between the deflection at break, sz, and the deflection limit, s;, 4
beginning of pull-through (see Figure 1, Curve N) which is determined by.the length l and width b
test specimgn and the distance L between the specimen supports. Forype 1 specimens in the edgg
position, s ip in the range 31 mm to 34 mm.

NOTE Uging Type 1 specimens tested edgewise, unexpectedly low deflection limits are sometimes obsg
i.e. values (dgqwn to only 20 mm) at which the impact force drops\to.zero, but the specimens do not break
can happen when the specimen changes from the edgewise to the'more stable flatwise position by a com
bending-twisting deformation. This can easily be confirmedby checking the specimen after the test: it i
with respect fo an axis not parallel, but inclined to, the specitmen width. This behaviour is caused by the high
between the edgewise and the flatwise flexural rigidity ©f the specimen and is triggered by a small asym
feature, e.g. the draft angle.

8.2 Calculation of deflection

If, in the case of energy carriers which give a frictionless impact, the deflection of the specimen
measured djrectly by a displacemént-measuring system, it shall be calculated from the force

b test
hpact

It the
bf the
PWise

brved,
. This
bined
bent
ratio
metry

s not
ttime

trace using Formulae (5) or (6),(as applicable (see NOTE 1), realized in a suitable routine for djigital

processing.

NOTE1 Ifthe ratio Wy/Eenergy to break to energy of pendulum or falling weight at impact) is less thd
the double infegral in Formilae (5) and (6) constitutes a correction of less than 5 % of vt.

For horizontally impacting pendulum-type energy carriers, see Formula (5):

no0,2,

(5)

L t
s(t):vo'—MLng.JfUF(t)dtz
H
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For vertically impacting free-falling energy carriers, see Formula (6):
1 t 1
t)=vyt—— | | F(t)dt?+=gt? 6
s(t)=v, mcjj()() 59 ©)

where

vy isthe impact velocity, in metres per second;

+h latad

t dotha tian o ft o ton oot o oo sad atazhich adaflaction 1o oolo0
TO LIICU LIIIIC dItleTl lllll_}abL’ I OCUTUIIUS, dU VVIIIUITD LITU UCTTICCLIVIT IO CAdItulIdll Yy,

Il,  isthe (physical) pendulum length, in metres (see ISO 13802:2015, 6.2.9);
My is the horizontal moment of the pendulum, in newton metres (see ISO 13802:201(5, 6.2.8);
H(t) isthe force, in newtons, measured at time t after impact;

s(t) isthe deflection, in metres, of the specimen at time t after impact;

mc is the mass, in kilograms, of the energy carrier;

g is the local acceleration due to gravity, in metres pef)second squared.

NOTH2  The relative contribution of the last term in Formula\(6] increases with decreasing impagt velocity for
a given striker mass.

8.3 | Calculation of energy

Oncelthe forces and deflections are known forthe same times, ¢, after impact, calculate thelenergy W, in
jouleg, expended up to specific deflections by'determining the area under the force-deflection curve, i.e.
by integrating in accordance with Formufla'(7) (see NOTE).

szjF(s)ds 7)
0

wherje

j denotes angof the following points on the force-deflection curve:

break\(B),
maximum (M);

S| is the deflection, in metres;

F is the force, in newtons.
NOTE In the case of horizontally impacting frictionless energy carriers, the energy can be calculated without

measuring the deflection s(t) by using Formula (8)
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Wy =Wja (1-W), /4E)

where W, is

t

the approximate value of the energy, given by ¢;

j
W=V J.F(t)dt
0

The second term inside the brackets in Formula (8) is less than 5 % if the ratio W/E of the measured
energy to the energy of the energy carrier at impact is less than 0,2.

(8)

If a penduluin type instrument equipped by means for angular measurement is being used, it is po

to countercH
or up to sL
pendulum h

eck the correct function of the measurement by comparing of the total energy up to'l
being measured by the instrumentation with the energy determined by the(maise
hmmer, as described in ISO 179-1.

It is recommended that the pendulum-type instrument and its instruments for measuring forc

deflection b
break and tg

8.4 Calcu

e re-checked, if the energies determined by both methods for mategials showing comnj
ugh materials behaviour differ more than +5 % from each other.

fation of impact strength

8.4.1 Unnlotched test specimens

Calculate th

using the Fo
=y ]
where
h is
b is
Wy is
8.4.2 Notq

Calculate th

'mula (9):

%103

the thickness, in millimetres;of-the test specimen;
the width, in millimetres, of the specimen;

the energy at break; in‘joules.

thed test specimens

bsible
break
f the

e and
plete

p Charpy impact strength of unnotched test specimgens, a y;, in kilojoules per square metre,

(9)

p Charpy impact strength of notched test specimens, a_y, in kilojoules per square metre,

(10)

using the Fofrmula {10):
|7/
a .y =— 1103
hby
where
Wy  is the energy at break, in joules;
h is the thickness, in millimetres, of the test specimen;
by  isthe width, in millimetres, remaining at the base of the notch in the specimen;
N is either one of the notch type designations A, B or C (see ISO 179-1:2010, 6.3).
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8.5 Statistical parameters
See IS0 179-1:2010, 8.3.

Calculate as test result, for each type of failure within one sample set, the mean and the standard
deviation of the individual test results using the procedure given in ISO 2602, and report the number of
test specimens in each failure type.

NOTE The standard deviation is identical to the two sided

— 95 % confidence interval of the mean if the number of test specimensisn==6

— 99 % contidence ftervat of the mmearr if the ummber of testspecimens 15— 10-

8.6 | Number of significant figures

Repoft all mean values to two significant figures.

9 Precision

See Annex C.

10 Test report

The test report shall include the following information:
a) greference to this document,i.e. ISO 179-2:2020;
b) the method of designation used:

gither in accordance with ISO 179-1:2010, Table 2, e.g.
Instrumented Charpy impact test [SO 179-2/1 e A

Specimen type (see table 2 of ISO 179-1) |
Direction of blow (see figure 5 of ISO 179-1)
Type of notch (see figure 4 of ISO 179-1)

qr in accordance with'ISO 179-1:2010, Table 3, e.g.
Instrumented Charpy impact test [SO 179-2/2 n|

Specimen type (see table 2 of ISO 179-1)
Direction of blow (see figure 5 of ISO 179-1)
c) th'k) see items c) to k) in ISO 179-1:2010, Clause 10;

1) the natural frequency of the force-measurement device;
m) the type of post-impact filter used, if any, and its basic characteristics;
n) the impact velocity;

o) the individual test results, their arithmetic mean and the standard deviation and/or coefficient of
variation for

1) the maximum force, Fy;, in newtons,
2) the deflection at maximum force, s);, in millimetres,

3) the energy to maximum force, Wy, in joules,
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p)
q)

16

4) the deflection at break, sg, in millimetres,

5) the energy at break, Wy, in joules,

6) the type of failure;

the measured force-deflection and/or force-time curve;

the date of the test.
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Annex A
(informative)

Inertial peak

-2:2020(E)

The inertial peak[3] of a force-time or force-deflection curve is caused by the inertia of that part of
the specimen (referred to as the contact mass) which is accelerated after the initial contact with the

strik
contg
of plg

The
t; de
const

Due {

specimen is accelerated to speeds higher than the impact velocitycso that, after duratio

is log
negat
impal

If it 1
inert
strik
and
peak
durat
wher

[&

s

For t}

. The peak force, |, and the duration, t;, of the inertial peak depend on the contact 1
ct stiffness. The contact stiffness is higher than the flexural stiffness of the specimen
stics, the contact stiffness has been found to be about 7 times the flexural stiffness.

eak force, F}, increases approximately linearly with increasing impact velpgity, while
creases (see Figure A.1). At impact velocities above 2 m/s, the duration, ¢;, is ap
ant, but characteristic of the material being tested (see Figure A.1, lower'set of curveg

o the elastic component of the impact event, “bouncing” generally occurs. This me

t between specimen and striker. Figure A.2 shows an example of an inertial peak wi
ive forces after the loss of contact. Depending on the damping properties of the test m
ct test may consists of a series of multiple impacts.

s of interest to determine the force-deflection cyrve without the oscillations caus
al effects, soft damping materials, e.g. lead wit'e*or soldering wire, can be placed

ng edge and the specimen. Due to the plastic deformation of these damping materials,
he amplitude of the vibrations will be considerably reduced. For effective damping o
the minimum thickness of the damping material should correspond to the deflecti
ion, t;, in an undamped test. For an impact velocity of 2,9 m/s, this is about 0,4 mr
damping materials are used, the energy measured is changed for the following two r

nergy is required to deform the damping material;
rittle materials in particular may show different behaviour with and in the absence o

e purposes of this document, it is recommended that “bouncing” vibrations are not d

hass and the
. For a range

the duration
proximately

).

ans that the
N, t, contact
th negligible
aterial, each

ed by these
between the
the force, F|,
f the inertial
pn up to the
n. Note that,
basons:

f vibrations.

amped.
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Figure A.1 — Peak force, F|, and duration, ¢;, of the inertial peak as a function of impact velocity
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