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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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Any feedback or questions on this document should be directed to the user’s national standards body. A
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Plastics — Determination of puncture impact behaviour of
rigid plastics —

Part 2:
Instrumented impact testing
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Scope

document specifies a test method for the determination of puncture impact proper
ics, in the form of flat specimens, using instruments for measuring force and defl
cable if a force-deflection or force-time diagram, recorded at nominal censtant strike
ssary for detailed characterization of the impact behaviour.

test method is applicable to specimens with a thickness between 1. mm to 4 mm.
method is suitable for use with the following types of material:

rigid thermoplastic moulding and extrusion materialsj«including filled, unfilled and
compounds and sheets;

Figid thermosetting moulding and extrusion materials, including filled and reinforced
sheets and laminates;

fibre-reinforced thermoset and thermoplastic composites incorporating unidirection
directionalreinforcementssuchasmats,wovenfabrics,wovenrovings,choppedstrands,d
hnd hybrid reinforcements, rovings, milted fibres and sheets made from pre-impregnatg

[prepregs).

method is also applicable to ‘specimens which are either moulded or machined fr
ucts, laminates and extruded or cast sheet.

Lest results are comparable only if the conditions of preparation of the specimens, their
ferent thickness-cannot be compared with one another (see Annex E). Comprehensivg

reaction to impact stress can be obtained by determinations made as a function of imp

impact behaviour of finished products cannot be predicted directly from this test, bu
be taken from finished products (see above) for tests by this method.

data developed by this method is not intended to be used for design calculation

femperature for different material variables, such as crystallinity and moisture content.

ries of rigid
ection. It is
" velocity, is

reinforced

fompounds,

al or multi-
ombination
d materials

m finished

dimensions

surfaces as well as the test conditions are the same. In particular, results determined on specimens

evaluation
actvelocity

[ specimens

5. However,

information on the typical behaviour of the material can be obtained by testing at different temperatures
and impact velocities (see Annex D) by varying the thickness (see Annex E) and by testing specimens
prepared under different conditions.

It is not the purpose of this document to give an interpretation of the mechanism occurring on every
particular point of the force-deflection diagram. These interpretations are a task for scientific research.

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.
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ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 293, Plastics — Compression moulding of test specimens of thermoplastic materials

ISO 294-3, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: Small

plates

ISO 295, Plastics — Compression moulding of test specimens of thermosetting materials

ISO 1268-1, Fibre-reinforced plastics — Methods of producing test plates — Part 1: General conditions

ISO 2602, Statistical interpretation of test results — Estimation of the mean — Confidence interval

ISO 2818, P
[SO 16012,
[SO 20753,

3 Terms
For the pur
[SO and IEC

astics — Preparation of test specimens by machining
Plastics — Determination of linear dimensions of test specimens

Plastics — Test specimens

and definitions

boses of this document, the following terms and definitions apply:

— ISO Onlline browsing platform: available at https://www.iso.otg/obp

— IECEle
3.1

ctropedia: available at https://www.electropedia.otg/

impact velcity

Vo
velocity of t

he striker relative to the support at the'moment of impact

Note 1 to enffry: Impact velocity is expressed in fmetres per second (m/s).

3.2
force
F
force exerte

d by the striker on thetest specimen in the direction of impact

Note 1 to enffry: Force is expressed in newtons (N).

3.3
deflection
I

relative dis
between th

placement between the striker and the specimen support, starting from the first co
b striker and the test specimen

maintain terminological databases for use in standardization at the following addressg¢s:

]IltaCt

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

3.4
energy
E

energy expended in deforming and penetrating the test specimen up to a deflection [

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

Note 2 to entry: Energy is measured as the integral of the force-deflection curve starting from the point of impact
up to a deflection L.

© IS0 2023 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=1debb126e8f81412ae2fc70baf23f84a

3.5

ISO 6603-2:2023(E)

maximum force

Fy

maximum force which occurs during the test

Note

1 to entry: See Figures 1 to 4.

mpacting tip
haterial. The
restricted to

Note 2 to entry: Maximum force is expressed in newtons (N).

3.6

deflection at maximum force

IM

deflgction that occurs at maximum force F;

Note|1 to entry: See Figures 1 to 4.

Note|2 to entry: Deflection at maximum force is expressed in millimetres (mm).
3.7

enerxgy to maximum force

EM

energy expended up to the deflection /; at maximum force

Note|1 to entry: See Figures 1 to 4.

Note|2 to entry: Energy to maximum force is expressed in joules\(}).

3.8

punfture deflection

IP

deflgction at which the force has dropped to half'the maximum force Fy;
Note|1 to entry: See Figures 1 to 4 and Note 3 toentry of 3.9.

Note|2 to entry: Puncture deflection is expressed in millimetres (mm).

39

pungture energy

EP

enerjgy expended up to the'puncture deflection I

Note|1 to entry: See Figutes 1 to 4.

Note|2 to entry: Plaicture energy is expressed in joules (]).

Note|3 to entry+’When testing tough materials, a transducer mounted at some distance from the i
may [recordyfrictional force acting between the cylindrical part of the striker and the punctured 1
corrgsponding frictional energy shall not be included in the puncture energy, which, therefore, is
that feflection, at which the force drops to half the maximum force Fy,.

3.10

impact failure

mechanical behaviour of the material under test which may be either one of the following types:

a) YDyielding followed by deep drawing, see Figure 1

b) YS yielding followed by an at least partially stable cracking, see Figure 2

c¢) YUyielding followed by unstable cracking, see Figure 3

d) NYno yielding, see Figure 4

Note 1 to entry: The classification of the type of failure shall take into account the shape of the curve as well as

thea

ssessment of the broken specimen.

© IS0 2023 - All rights reserved
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Note 2 to entry: Yielding is characterised by a zero slope at maximum force in the force deflection diagram, or by
whitening of the material in the area of puncture, or by a significant reduction of the material thickness in the
area where the break appears.

Note 3 to entry: Comparison of Figures 2 and 3 shows puncture deflection I, and puncture energy E} are identical
for the failure types YS and YU. As shown in Figure 4, identical values at maximum and at puncture are found for
the deflection as well as the energy in the case of failure type NY. For complex behaviour see Annex A.

Note 4 to entry: For more guidance on the classification of failure types, see the informative Annex F.

Y
- £ T .
FM_ £,
~
| Ep
Yo Fy
// \\\
L)
\\\/ 4
| I | |
[p X
Key
X  deflectign
Y force

Figure 1 —+ Example of force-deflection diagram for failure by yielding (zero slope at maximjum
force) fpllowed by deep drawing,/and typical appearance of specimens after testing (with
lubrication)
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Figure 2 — Example of force-deflection diagram forfailure by yielding (zero slope atimaximum
forde) followed by stable crack growth, and typical appearance of specimens after testing (with
lubrication)
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NOTE Nptural vibration of the force measurement system appears after unstable cracking (striker and| load
cell).

Figure 3 — Example of force-deflection diagram.for failure by yielding (zero slope at maximum
force) followed by unstable crack growth, and-typical appearance of specimens after testing
(with lubrication)
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Figure 4 — Example of force-deflection diagramfor failure without yielding follo

wed by

unstable crack growth, and typical appearancé.of specimens after testing (with lubrication)

4
The

spedimen surface and at a nominally uniform velocity. The resulting force-deflection of

diag

the test.

The

from which several featdres of the behaviour of the material can be inferred.

5.1

Principle
test specimen is punctured at its.€entre using a lubricated striker, perpendicularly

ram is recorded electronically: The test specimen should be clamped in position (prefer

force-deflection diagram obtained in these tests records the impact behaviour of th

Apparatus

Testing instrument, consisting of the following essential components:

to the test-
force-time
red) during

e specimen

priergy carrier, which can be falling mass type or hydraulic type (see 5.1.1);

striker, which shall be lubricated;

specimen support with a recommended clamping device.

The test device shall permit the test specimen to be punctured at its centre, perpendicular to its surface
at a nominally constant velocity. The force exerted on the test specimen in the direction of impact
and the deflection from the centre of the test specimen in the direction of impact shall be derivable or

mea

surable (see Figure 5).

The term “falling mass type energy carrier” covers all types of instruments working by the principle of
an inertial mass, independent from the direction of movement.

© IS0 2023 - All rights reserved
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5.1.1 Energy carrier, with a preferred impact velocity v, of (4,4 + 0,2) m/s (see 3.1 and note to 3.1).
To avoid results, which cannot be compared due to the viscoelastic behaviour of the material under
impact, the decrease of velocity during the test shall not be greater than 20 %.

NOTE For brittle materials, an impact velocity of 1 m/s can be more appropriate because it reduces the level
of vibration and noise and improves the quality of the force-deflection diagram (see Annex A).

5.1.1.1 Hydraulic type, consisting of a high-speed testing machine with suitable attachments.

Any deviation of the velocity of the striker relative to the support during impact shall be controlled, for
example by recording deflection-time curves and checking the slope.

5.1.1.2 Inertial-mass type, which may be accelerated. Suitable devices are falling-dart machines.
In the case pf a gravitationally accelerated mass and neglecting frictional losses; the impatt-velocity v,
correspondf to a drop height H; of the energy carrier of (1,0 + 0,1) m.
For all inerfial-mass-type energy carriers the impact velocity shall be measured by velocity-measyring
sensors plaged close to the point of impact. The maximum decrease of velocity during test results i the
minimum npass, mg, of the carrier according to Formulae (1) and (2) (see NOFE).

m.> 6E" /v3 1)

*

m.= 031E for vg=4,4m/s (2)
where

m. is the mass of the energy carrier, expressed in\kilograms;

E* is the highest puncture energy to be measured, expressed in joules (see 3.9);

vy is the impact velocity (4,4 m/s, see 8.1).
NOTE I} many cases, a weighted energy:carrier with a total mass m_ of 20 kg has been found to be sufficient
for the largef striker and of 5 kg for the.smaller striker (see 5.1.2).
5.1.2 Striker, preferably havinga polished hemispherical striking surface of diameter (20,0 £ 0,2)[mm.
Alternatively, a (10,0 £ 0,1) munh diameter striking surface should be used.
NOTE1 The size and dimtensions of the striker and condition of the surface will affect the impact results.
The striker| shall bexmade of any material with sufficient resistance to wear and of sufficiently high
strength to[preyent-plastic deformation. In practice, hardened steel or materials with lower density (i.e.
titanium) haye been found acceptable.

The hemispherical surface of the striker shall be lubricated to reduce any friction between the striker
and the test specimen (see NOTE 2 and Annex B).

NOTE 2  Test results obtained with a lubricated or dry striker are likely to be different. Below ambient
temperatures, condensation can act as a lubricant.

The load cell shall be located within one striker diameter from the tip of the striker, i.e. mounted as
closely as possible to the tip to minimize all extraneous forces and sufficiently near to fulfil the
frequency-response requirement (see 5.2). An example is shown in Figure 5.

5.1.3 Support ring (see Figures 5 and 6), placed on a rigid base and designed such that air cannot
be trapped under the test specimen, thus avoiding a possible spring effect. Below the support ring,
there shall be sufficient space for the striker to travel after total penetration of the test specimen. The

© IS0 2023 - All rights reserved
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recommended inside diameter of the support ring is (40 * 2) mm, or alternatively (100 + 5) mm, with a
minimum height of 12 mm.

5.1.4 Base for test device, firmly mounted to a rigid structure so that the mass of the base (see
Figure 5) is of sufficient stiffness to minimize deflection of the specimen support.

When calculating the deflection from the kinetics of the accelerated mass, a minimum mass ratio mg/
m¢ of 10 between base (mg) and energy carrier (m.) shall be used. This prevents the base from being
accelerated by more than 1 % of the impact speed up to the end of the test. For directly measured
deflections, this minimum ratio is a recommendation only. For the principles of this specification, see

ISO 179-2:2020_Annex RI5]
L
/ 3
Es 6
O
| —1
N 1
| 5
| 8
\{L\ \&
Key
1 festspecimen 5 testspecimen support
2 hemispherical striker tip 6  clamping ring (optional)
3 oad cell (recommended positiomn) 7  base
4 Fhaft 8 acoustical isolation (optional)
Figure 5 — Example of test device
Dimensions in ®0,
5 mi ]
E (& Side length or 60 140 2 1
- i) diameter |
o .
2] Designation to | D12 and j |
ISO 20753 D22 Y
D, 40+2 1005 o0;
(7|
- p— /?
-:E D, 60 140 L
g 2 D, 290 =200 |
< O .
=NE H 12 12 i
R 1 1
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Key
1
2

clamping ring (optional)
test specimen support

Figure 6 — Clamping device (schematic)

5.1.5 Clamping device (optional), consisting of two parts, a supporting ring and a clamping ring
(see Figure 6), for annular test specimens. The recommended inside diameter of the clamping device is
(40 £ 2) mm, alternatively (100 + 5) mm. The clamp may work by shape or by application of force to the

specimen. A

NOTE P
clamped and

5.2 Instr

5.2.1 For

clamping force of 3 kN is recommended for the latter (see NOTE).

heumatically and screw-operated clamps have been successfully employed. The resultsobtaing
unclamped specimens are likely different (see Annex C).

nments for measuring force and deflection

Ce measurement system, for measuring the force exerted on the te€st-specimen. The st

may be equlipped with strain gauges or a piezoelectric load transducer, which shall be placed clo

the striker
system shal
force, F);, wi

The force m
be perform
[6]) or dynd
works with

| be able to record forces with an accuracy equal to or within +2 % of the maximum im
hich has occurred during the test.

easurement system shall be calibrated as set-up readyfor measurement. Calibration sh
bd statically (for example, by imposing known loadson the striker as described by refer]
mically (see for example reference [4]). The range for which the force measurement sy
n an accuracy of +2 % of the reading shall be-indicated.

As the durgtion of the test is very short, only electronic load cells with a high natural frequency

d for

riker
be to

Lip. Any other suitable method of force measurement is also acceptable. The measuregnent

pact

ould
ence
btem

shall

be used (se¢ NOTE 1). The natural frequency f, of the test device (striker and load cell) shall conforjm to
the following condition:

fn, = 6 kHz (3)
For interprgtation of complex for€esdeflection curves, even higher values of the natural frequency
f, can be n¢cessary (see Annex @A), ‘For detecting the first damage depicted in Figure A.2, the natural
frequency shall comply with theéfollowing condition (see NOTE 2):

foZ 5{Atg @)
where

f, isthenatural frequency, expressed in kilohertz;

Aty is the event time of the relevant detail of the force-deflection curve, expressed in milliseconds
(see Figure A.2).

The natural frequency can be checked by studying the oscillations following brittle or splintering

failure (see

Figure 3).

For the bandwidth of the amplifier train (direct current or carrier frequency amplifier) the lower
bandwidth limit is 0 Hz, and the upper bandwidth limit shall be at least 100 kHz, combined with a
sampling frequency of at least 100 kHz (see NOTES 3 and 4).

NOTE 1

the shaft (see Figure 5) and connected to a charge amplifier.

10

An example of such a measurement train is a piezoelectric load cell, mounted between the striker and

© IS0 2023 - All rights reserved
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NOTE 2  If, for example, the increase in deflection Aty » v, during the event (see Figure A.1) is only 1 mm (10-3
m), at an impact velocity v, of 4,4 m s71, then the corresponding event time is Atg = [(103 m)/(4,4 m s1)] =2 x 104
s, resulting in the minimum natural frequency of f, = [5/(2 x 10-#s)] = 25 kHz.

NOTE3  When testing very brittle products, elastic impact can cause resonant oscillations, thus making it
difficult to interpret the force-deflection curve (see Annex A). In this case, it can be useful to carry out low-pass
filtering on the recorded force-time diagram or parts of it, although the accuracy of the measurements is thereby
reduced.

If post-test filtering is used, the type of filter and its essential characteristics are reported in the test
report (see 10 1)).

NOTE4  Vibration of the test specimen (see Figure A.3) and of the test device as well as unifqrm noise on
the frace generates uncertainties of the measured maximum force (see 3.5) but has virtually ne’gffect on the
pundture energy (see 3.9).

5.2.2 Deflection measurement system, consisting of an electronic transducérfor the defermination
of the deflection of the test specimen to yield a force-deflection diagram. This-deflection mpasurement
system shall be able to measure the relevant deflections to an accuracy equal to or within 12 %.

If th¢ measurement chains for force and deflection measurement showadifference of their tijansit times,
the tlime traces shall be synchronized by a time shift correspondingte this transit-time difference.

NOTE Such transit time differences generate a time offset in €heforce-deflection curve, which increases
propprtionally to the impact velocity.

With inertial-mass type machines, it is possible to measure a force-time diagram only and fto calculate
the deeflection from double integration of the force sigifal in accordance with 8.2.

5.3 | Thickness gauge, as specified [SO 16012,

6 [lestspecimens

6.1 | Shape and dimensions

The preferred test specimen i§ 60 mm * 2 mm square or 60 mm * 2 mm in diameter, with a thickness of
2,0 thm + 0,1 mm, and is used-with the 40 mm diameter support ring. This corresponds to the specimen
typds D12 and D22 described by ISO 20753.

For thicknesses less.than 1 mm, preferably use ISO 7765-2. Thicknesses greater than 4 mmj|fall outside
the 4cope this documient.

For [testing <brittle fibre-reinforced plastic composites and low failure strain plastics, a test
spedimen. 140 mm * 2 mm square or 140 mm * 2 mm in diameter with a recommended thickness of
4,0 mnr% 0,2 mm should be used with the 100 mm diameter support ring.

6.2 Preparation of test specimens

The test specimens shall be prepared in accordance with the relevant material specification. Where
none exist, or when not otherwise specified, test specimens shall be prepared in accordance with
ISO 293, ISO 294-3, ISO 295 or ISO 1268-1 as appropriate or machined from plates in accordance with
[SO 2818 (see NOTE). The test specimens may also be prepared with a cutting or punching device, since
there are no special requirements for the cut edges.

NOTE The preparation of test specimens 140 mm square or 140 mm in diameter by injection moulding is not
yet covered by any International Standard.

Because the larger specimen is used primarily for fibre-reinforced plastic composites, itis recommended
that they be made by machining from sheet material.

©1S0 2023 - All rights reserved 11
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Test specimens taken from larger sheets or sections of sheet shall be taken from locations that are as
uniformly distributed over the surface as possible. Non-homogeneous edge zones shall not be used. The
thickness of these test specimens shall be the thickness of the sheet up to a thickness of 4 mm. If the
sheet is more than 4 mm thick, the specimens shall be machined to 4 mm.

6.3 Non-homogeneous test specimens

In general, the test is conducted on either side of the specimen, selected at random. However, if there
is a reason to believe that the results are dependent on which side of the specimen faces the striker,
each side shall be tested separately. This especially holds for test specimens with textured surfaces,

specimens

qrqnprpd on one side and specimens which are Il\l-agpd When assessing the influence of a

one-sided t

6.4 Chec

‘eatment, the test specimen shall be impacted on the opposite side.

king the test specimens

The specim

pits and sink marks to avoid notching effects.

The speci
measuring

Specimens §

6.5 Num

If the test
specimens
humidity o
statistical s

If alarge number of test specimens are required, forexample to determine the temperature depend|

of the meas

6.6 Cond

The test sj
agreed upo
be selected
humidity is

6.7 Pre-(

For testing
conditionin

ns shall be free of twist and warpage. Both surfaces shall be smooth and(free of scrat

ens shall be checked for conformity with these requirements byvisual observation d
vith a thickness gauge.

howing any observable departure from one or more of thesérequirements shall be reje

ber of test specimens

s conducted under constant conditions, at least‘&ive or, in cases of arbitration, 10
hre required. If the measurements are to be made as a function of temperature, rel
' some other parameter, the number of test;specimens may be reduced depending of
cattering of the test results.

ired quantities, the test specimensshall be selected in accordance with statistical princi

itioning of test specimens

ecimens shall be conditjoned as required by the relevant material specification g
h by the interested parties. Otherwise, the most appropriate conditions from ISO 291
For materials withrimpact properties that are non-sensitive to moisture, a control o
not necessary.

ooling

at low~temperatures, the test specimens are pre-cooled to the test temperature
p and prior to the test. When the test equipment is at ambient temperature, the pre-co

"hes,

r by

rted.

test
itive
the

nce
les.

r as
hall
f the

hfter
ling

temperatur

e may be set below the test temperature to compensate for a possible temperature inci

ease

during the transit of the test specimens to the test equipment.

NOTE A

pre-cooling temperature set 2 K lower than the test temperature is often sufficient.

The duration of the pre-cooling procedure shall be such that it is sufficient for the test specimen to

reach a tem

NOTE

perature within 2 K of the set pre-cooling temperature.

cooling times for elastomers.

12

A duration of 1 h is often regarded as sufficient. ISO 23529:2016, Annex A presents suitable pre-
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7 Procedure

7.1

Test atmosphere

7.1.1 General

Conduct the test in one of the standard atmospheres specified in ISO 291. Use class 2 unless otherwise

agre

ed.

7.1.2  Ambient temperature testing

If a

atmgsphere. If not, ensure that the transit time ¢t (see NOTE) is short enough to prevent ch

mec
and,
atrg
in an

NOT
envil

7.1.]
Whd

standard atmosphere from ISO 291 was used for conditioning, conduct the test-i
hanical behaviour (state of material) of the test specimen caused by changes)in’the t

nsit time of up to 30 min has been found not to markedly affect the impact-behaviour w
atmosphere of 23 °C and 50 % R.H.

[

) The transit time t; is the total time from the removal of theJspecimen from the
onment until the specimen is impacted.

8 Low temperature testing

n test specimens are pre-cooled to the test temperature and the test equipment

tem
tem

NOT
can i

7.2

For
at th
cent
of ar
that

NOT
spec

Whd
diffe
cavi

b

erature, a transit time t (see note to 7.1.2) short enough to prevent significant cha
erature of the test specimen prior to impact is reguired (i.e. less than 5 s).

) Differences in humidity between the test specimens conditioning atmosphere and the tes
e critical.

Measurement of thickness

pach test specimen, measure the-thickness in accordance with ISO 16012 to the nearg
ree points which are equidistant to one another on a circle with a radius of 10 mm ce
e of the specimen. Record the lowest value of the measured thickness (see NOTE). If th
y specimen differs by more than 5 % from the thickness of the specimens from that sam
specimen and replacde it with another specimen.

[
»

When using”injection-moulded specimens, it is not necessary to measure the dimeng
men. It is sufficient to measure one specimen from each set.

n using multiple-cavity moulds, measure the thickness of the specimens from each ¢
rence in'specimen thickness between mould cavities is greater than 5 %, the specimen
y shall'be treated as different batches.

h the same
hnges in the
Pmperature

if relevant for the material, the moisture content of the specimen. For dry polyamides, for instance,

rhen testing

pre-cooling

is at room
nges in the

atmosphere

st 0,02 mm
htred to the
e thickness
ple, discard

ions of each

avity. If the
s from each

7.3

Clamping the test specimen

The default condition for this test is that the specimen is clamped.

If the specimen is clamped, however, take care to ensure that the clamping force does not induce
bending or torsional forces in the specimen.

7.4

Lubrication

Lubricate the tip of the striker with oil or grease before each test. The viscosity 1 of the lubricant shall
be in the range 10 cP <1 < 104 cP (102 Pa's <1 < 10 Pa's) (see Annex B)

© IS0 2023 - All rights reserved
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7.5 Punc

ture test procedure

Place the test specimen on the specimen supporting ring (5.1.3) and clamping device (5.1.5) as
appropriate.

Conduct the puncture test with the impact velocity specified in 5.1.1. Ensure that the velocity does not
change during the puncture process by more than 20 % by checking the deflection-time trace or by
using Formulae (1) and (2) with the energy E* equal to Ep.

8 Calculations

8.1 Expr

Take the for
also 3.9, No

For the pur
Internation
as results o

a)
b)
A
d)
e)

Additionall
failure typ¢
deflections

Iy is thg

Eyis th

Ip is the

Episth

8.2 Calculation of deflection

If the test r
maximum f
maximum fi
area under

For falling 1
the deflecti
In this case

F) is the maximum force (see 3.5), expressed in N;

pssion of results

ce-time curve or, where directly measured, the force-deflection curve as the testfesult
e 3 to entry). Other results shall be calculated employing these data.

poses of routine characterization and in the absence of other conditigns’ described iy
b1 Standard for the material concerned, the values of the following properties shall be t
[ the test:

e deflection at maximum force (see 3.6), expressed in mm;

e energy to maximum force (see 3.7), expressed in J;

puncture deflection (see 3.8), expressed in mm;

e puncture energy (see 3.9), expressed in J.

s YS and YU, ensure that frictional forces do not affect the force-deflection diagram at1
For complex behaviour see AnnexA-

psults are in the form of a force-deflection curve, the maximum force Fy;, the deflecti
prce [y, and the punéture deflection I, can be read directly from the graph. The energ
prce Ey; and the pulicture energy Ej (see Figures 1 to 4) can be determined by measurin
the force-defleetion curve, using a planimeter, computer analysis or other suitable mea

hass type energy carriers (see 5.1.1.2) that show nominally no frictional loss during im
pn of the\test specimen cannot be measured directly by a displacement measuring sys
it shallbe calculated from the force-time trace using Formula (5).

[, the type of impact failure as defined.in)3.10 and by Figures 1 to 4 should be reported!

(see

| the
hken

For
arge

n at
'y to
b the
ns.

bact,
tem.

t t
£ Lf [f E(t\dt —|H(f')_l_lnf'2

(5)

Fy
v

14

mC JOI_JO A\ 1J 2:.‘7

is the impact velocity (see 3.1), expressed in metres per second;

is the time after impact at which the deflection is to be calculated, expressed in seconds;
is the force measured at any time after the impact, expressed in newtons;

is the deflection (see 3.3), expressed in meters;

is the falling mass of the energy carrier, expressed in kilograms;
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g is the local acceleration due to gravity, expressed in metres per second squared.

Since the last term of Formula (5) is only valid for an energy carrier moving vertically, its relative
contribution increases with decreasing impact velocity (drop height of the striker).

8.3 Calculation of energy

Once the force and deflection are known for identical times during impact, the energy expended up to
specific times t; shall be calculated by determining the area under the force-deflection curve according

to Formula (6) (see NOTE 1).

I
E, :j 'F(Ddl 6)
whele

F(I) is the force at the deflection |, expressed in newtons;
is the deflection, expressed in metres;

is a subscript denoting one of the following points:
M = maximum
P = puncture;

F is the energy, expressed in joules.

NOTE1 The energy to maximum force and the puncture energy can be determined utilizinjg electronic
integration.

In the case of frictionless energy carriersyimpacting horizontally, the energy can also b¢ calculated
without developing the deflection/time t¥ace, using the Formulae (7) and (8) (see NOTE 2).

= E 7
4]_ [ 4E} ()

t:
j
L :VOJO F(tl)dtl (8)
where
Fin  is theapproximate value of the energy, calculated assuming a constant velocity vy, expressed

injotles;

F'c. “is the energy of the energy carrier just before the impact, expressed in joules;

F(t,) isthe force at the time ¢;, expressed in newtons.
NOTE 2  Formula (7) is based on the conservation of energy and momentum, omitting the influence of gravity.

The second term within brackets is less than 5 % if the ratio E*/E_ of the maximum energy to be measured to the
capacity of the energy carrier is less than 0,2.

8.4 Statistical parameters

Calculate the arithmetic mean, the standard deviation and the coefficient of variation of the properties
named in 8.1 for each test series (see ISO 2602).
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8.5 Significant figures

Report all calculated mean values to three significant figures.

9 Precision

An example

of precision data for this test method is shown in Annex G.

10 Test report

The test rej]
a) areferg
b) the test

— the
— the
— the
— the
e.g. "Ins

c) the typ
materid

d) the shg
ISO 207

e) the met
f) the low
g) the test
h) the nun
i) theapp
j) theimp
k) thenat

1) thetyp

ort shall include the following information:

nce to this document, i.e. ISO 6603-2:2023;

parameters, identified as follows:

support ring diameter 40 mm (or 100 mm),

striker diameter 20 mm (or 10 mm),

clamping situation of the specimen, clamped C, or unclamped U,
impact velocity 4,4 m/s (or other),

trumented puncture test ISO 6603-2/40/20/C/4,4";

e, identification mark, origin, date of receipt and-6ther pertinent data concerning the
], such as coated, textured and orientation of texture;

pe and dimensions of the test specimens; or the specimen type, if in accordance
53;

hod of preparation of the test speciimens;

est thickness of the test specimens, measured in accordance with 7.2;
conditions and, if applicable, the conditioning and pre-cooling procedure;
hber of test specimenstested;

earance of the té€st'specimens after the test (optional);

act-failure criterion that was agreed upon, if different from that given in 3.10;

iral frequiency of the force-measuring device;

e ahd essential characteristics of post-test filtering, if used;

test

with

m) the in

ividual test results, arithmetic mean, standard deviation or coefficient of variation

and

the 95 % confidence intervals of these mean values in accordance with ISO 2602 of the following
properties, if required:

— the
— the
— the
— the

— the

maximum force F);, expressed in newtons;

deflection at maximum force Iy, expressed in millimetres;
energy to maximum force E);, expressed in joules;
puncture energy Ep, expressed in joules;

puncture deflection I, expressed in millimetres.

n) the type of failure (see 3.10);

16
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o) the force-deflection or force-time curves;

p) the date of the test.
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Annex A
(informative)

Interpretation of complex force-deflection curves

In many impact experiments, the force-deflection diagram is more complicated than those shown in
Figures 1 tg 4. In such cases, a point of damage D cannot be derived in any simple way from the force-

deflection d

However, b

tested, in m

Practically,

mass syster
available ern

This metho

these cases

(see Figure
Although fd

crack initial

penetration

Many peak]

interpretat

frequency d

A visual as{

under impa

18

iagram using a standard procedure.

[y means of an accurate comparison of the force-deflection diagram with the)'speci
any cases a reliable statement about the agreed point of damage can be made!

an impact experiment can be conducted with a lower energy (falling height) using ine
ns, respectively lower testing speed using hydraulically driven systems(dir'the first casg
ergy shall be selected slightly larger than the assumed puncture en€érgy.

d is especially recommended for the testing of brittle or textile*reinforced material
a dip in the rising part of the force-deflection diagram is found indicating first dama
A1),

r brittle and fibre-filled materials the maximum forcerusually corresponds to the for
Lion, very often a second peak occurs due to the formation of the crack necessary fol
of the striker (see Figures A.1 and A.2).

5 in the force-deflection diagram can appear due to resonance (see Figure A.3).
on of such a diagram is very difficult, even'when the condition given in 5.2.1 on the nat
f the test device is met.

essment of the broken specimen iscthen the only way of describing the fracture behay
Ct.

men

rtial
, the

s. In
ve, D

e of
" the

The
ural

iour
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A fE Vo
| | | | | | |

[D [M /p X
Key
X  feflection
Y force
NOTE First damage (D) followed by puncture (P), where\A t; is the event time of the first dgmage in the
forcg-time trace and v the impact velocity.

Figure A.1 — Schematic force-deflection diagram for brittle or textile-fibre reinforced material

Key

indicating first damage followed by puncture
Y

Fy

YoF

X  deflection
Y force

Figure A.2 — Schematic force-deflection diagram for a brittle or textile-fiber reinforced

material
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Iy lp X
Key
X  deflectign
Y force

Figure A.3 — Schematic force-deflection diagram for splintering material, superposed b
strong resonance of the test'specimen

~
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Annex B
(informative)

Friction between striker and specimen

2:2023(E)

As a result of biaxial symmetric stress, the failure of the specimen in a puncture test is expected to

occur at the point of maximum theoretical stress, i.e. at the centre of the specimen. Howeve

, a frequent

obs
res
cong
(see

the gest, strongly depends on friction. Additionally, other disadvantages can ocelp due to fr

rvation is a circular crack and a subsequent punching out of a round cap. Evidently
ts from a drop in the amount of stress at the top point due to friction. The maximun
equently the locus of failure shifts to the circle of contact between the striker and th
Figure B.1). The part of the specimen volume, therefore, which stores and abserbs en

Pue to the action of an unknown amount of friction, the forces appeafting in a punct
ncreased in an uncontrolled way.

For some materials a friction-caused abrasion of the polymer cantbe observed. The abrad
Clings onto the striker tip together with other deposits resulting, for example, from ag
Hemoulding agents and external lubricants. As a result of this deposit, a distinct increa
pccurs which can only be reduced by cleaning the tip carefully before each test (see Fig]

TChe type of cooling has a strong influence on puncture ductility. When cold specimen
ht room temperature, a thin film of water or icefrom the atmospheric humidity condg
kpecimen surface and acts as a lubricant. Therefore, an apparent step in the temperaturg
ductility occurs at about 0 °C (see Figure B.2}:

The results of puncture can be influencéd by the striker material, its surface roughnesg
the specimen tested.

L.ubricating or greasing the striker overcomes these disadvantages. The failure of thg
bccurs at its centre, as expected. By concentrating the plastic deformation at the cg
specimen instead of spreading it over a large, undefined portion of the specimen volumg
s reduced and comparable-data can be obtained. The values obtained with a lubricated
inequivocal lower lintits of the tested mechanical properties of the material.

Tests at a highostandard test speed of 4,4 m/s using lubricants in the viscosit
D,01 Pa-s<n<10 Bas have shown that the type of lubricant is not relevant. At test speedg
1 m/s, however, low-viscosity lubricants can be squeezed out of the contact area and g
divergingvalues. At test speeds lower than 10-2 m/s, results tend to be similar to those o
fested without lubrication. Sufficient lubrication, however, generally can be controlled
thedocus of failure (see Figure B.1).

this effect
| stress and
e specimen
ergy during
ction.

ire test are

ed material
Iditives like
e in scatter
ure B.1).

5 are tested
nses on the
-dependent

and that of

specimens
ntre of the
, scattering
striker are

y range of

lower than
an result in
I specimens
by checking
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Y
3000
2500 PN £
\\‘ ‘//"“‘\.\‘
/J‘ \\ /
2 000 - ~—
2
1500
100( |m—
500  —
\~o"\~_;-k‘;)‘;:,~s
0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 tq X
Key
X deflection in mm
Y force in N
1 with lubrication
2 without lubrication
_____ without lubrication
—  with lubrication
Figure B.1 — Force-deflection curves.and the appearance of test specimens with tough failing,

t¢

bsted with and without lubrication of the striker, for example using Vaseline

22
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120 |-

10 — —

100 |-

90 -

80 -

60 -

50 | | | | | | | |
- 50 - 40 -30 - 20 - 10 0 10 20 30 X

Key

X temperature, °C

<

puncture energy, |

) with lubrication

©)

without lubrication, tested in stahdard atmosphere

— -1 withoutlubrication, tested in dry atmosphere

Figure B.2 — Puncture energy as a function of temperature with and without specimen
lubrication
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Annex C
(informative)

Clamping of specimens

The method of supporting and holding the specimen can have some influence on the puncture
behaviour of the given material. Testing unclamped specimens in the case of an unlubricated striker
can lead to|deformations of the supported outer region of the specimens, making the test specimen
change from an initially planar shape to a conical, wavy shape. This additional deformatien|energy
can cause the puncture toughness to be apparently higher than that of clamped specimens‘Which have
been prevented from buckling. Until now, however, only minor effects have been found swvhich have
been reducgd by lubricating the striker. Furthermore, higher vibration amplitudes eaty be shown for
unclamped [test specimens.

A clamping|device cannot fully prevent the test specimen from radial slippage,However, it is imporntant
to prevent the supported part of the test specimen from buckling. This cannbe achieved by clamping
the test specimen with sufficient force or by clamping by shape (smatl‘clamping force, but rigid
constructiopn). Clamping by shape and by friction have not shown signifi€éant differences in the pundture
behaviour.
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Annex D
(informative)

Tough/brittle transitions

Tough/brittle transitions are often encountered in a series of tests carried out at decreasing
erature. At such transitions, the puncture energy, for example, decreases and/or the type of failure

tem

char
aboy

Test
imp4
and

appr

whe

With
sped
such
the 1

Toug
appe

For
are
two
beh4
mea

the individual measurements to characterize the behaviour of the material.

Whse

e a certain temperature and which increase the absorption of the impact energy.

time plays a role similar to that of temperature, i.e. if the test time is shortened by inc
ict velocity, the transition temperature is shifted to higher values. The relationship bg
Lemperature is determined by the temperature dependence of molecularnrelaxation tim
oximated by the Arrhenius equation shown as Formula (D.1):

Ep
=t *exp(—
0 p(kT)

e
- is the relaxation time or test time;
r is the absolute temperature of the tough/brittle transition;
F',  is the apparent activation energy.

in a transition region, a wide scatter ofresults often is observed, for example the failur
imens being brittle or tough at the ,same temperature. In high-density polyethylene, f
a transition region is found in the'temperature range between -140 °C and -105 °C, de
elative molecular mass and degree of crystallinity.

h/brittle transitions can be recognized by means of the force-deflection diagram
arance of the damaged(specimens (see Figures 1 to 4).

plastics exhibiting-a tough/brittle transition, the performance and evaluation of ij
subject to certaimlimitations, since the specimens of a single test series are to be
different parént populations, namely one exhibiting tough behaviour and one exhib
viour. In such cases, the means and variances are not statistically defined over the ent]
surements) Nevertheless, it is helpful to employ the mean and standard deviation calc

ré-here is a sufficient number of measurements for both parent populations, the ch

quar

ges. The cause of these transitions are molecular relaxation processes which become efffective only

reasing the
tween time
es, which is

(D.1)

e of the test
pr example,
pending on

br from the

mpact tests
assigned to
ting brittle
ire range of
hlated from

aracteristic

tities can be calculated separately Ior the Drittie and the tough test specimens. IT ne

cessary, the

choice of assigning measurements to one of the two parent populations should be decided by use of the
statistical procedure normally employed for this purpose.
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Annex E
(informative)

Influence of specimen thickness

The forces obtained in a puncture test depend on the thickness of the test specimen. By increasing

the thickne

ss of the test specimen the resulting forces are greater than proportional. This is dt

the differer
flexural loa

In the regi
resulting fq
(flexural de
Therefore, {
selected pr
an example
thickness w

~ WM
Ep w

Table E.1 s}
energy four
the thickne

t deformation processes occurring in a puncture test, i.e. small deflections cause i
s to turn into biaxial tension with increasing deflection.

bn of linear elastic material behaviour, the relationship between the thickness and
rce can be described as F(I) ~ w". The exponent n changes during the fest from n
formation) to n = 3 (tension) in a way depending on the material and the test-conditions.
he normalization of a complete force-deflection curve to a given thickn&ss is impossible
perties, however, the thickness dependence can be fitted [see Formulae (E.1) and (E.2]
for polycarbonate sheets the maximum force and the puncture\energy depending or
are shown in Figure E.1 in a double-logarithmic plot.

ows the typical range of the exponents n andim for the maximum force and the pund
1d for a series of thermoplastics and the relative deviations caused by a relative scatt
5s of 5 %.

Table E.1 |— Exponents, n or m, for fitting the thickness dependence of maximum force Fy,; 3
puncture energy E; and the effect of the scatter of thickness on that of the properties
Exponent Effect of the scatter
Froperty
nor(m of thickness Aw/w of 5 % on that of the property
Fy 1,00 1,4 +5 % to +7 %
Ep 1,2t0 1,8 +6,5 % to +9 %
As can be sden, even small-changes in thickness of 5 %, which are admissible according to this docun

result in dis

Plotting thg
interpolatig

tinct deviations of maximum force and puncture energy.

testyresults according to Formulae (E.1) and (E.2) (see for example Figure E.1) can
n facilities and may show the source of scatter of data. The consequence is an incre
tv-of results obtained at specimens with varying thickness, particularly testing speciy

le to

hxial

the
=1
2],[3]
. For
. As
1 the

(E.1)

E.2)

ture
br of

nd

nent,

give
hsed
ens

comparabil

taken from
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compression-molded plates or from parts.
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Y1 Y2
20 000 400 -
300 -
10 000 - 200 -
9 000 [~
8 000 —
7000
6 000 —
5400 100 -
90 -
4 00 - 80 -
10+
3 (00 |- 60 -
_ 02
Fru=w 5o L Ep = wh*
2 doo | | [ I N I A 40 | | L1 L 11
1 2 3 4 5 6 78910 X 1 2 3 4 5 6 18910 X
(@) (b)
Key
X ppecimen thickness (w), mm
Y1 maximum force (Fy), N
Y2 puncture energy (Ep),]
Figure E.1 — Maximum force a) and punctiire energy b) of a polycarbonate with respect to
specimen thickness w
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Annex F
(informative)

Guidance for the classification of the type of failure

F.1 General

The classififation of the type of failure is a matter of the shape of the force-time or the force-déefleq

curve and the appraisal of the broken specimen. The following real examples are intended to
further guidlance for a correct classification in accordance with Clause 3.

F.2 Examples

tion
give

Force-defldction diagram

Broken specimen

Type of failure

PP natural,|not reinforced

Y
2500

2000 ~\
1500

1000 / \
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The curve ghows a clear zero-slope at the
maximum fprce, followed by deep, drawing
deformatiof, shown by a sleWw,and steady
decrease of the force.

The specimen, tested with lubrication,
shows much deep drawing deformation
and a failure that correctly started nearby
the tip of the striker, leading to a mouth-
type break opening.

YD yielding, followe
deep drawing
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