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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 commlttee International organlzatlons governmental and non- governmental in

liaison with
Commissio

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

Draft Intern

(IEC) on aII matters of electrotechnlcal standardlzatlon

ptechnical

tional 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 @irawn to the possibility that some of the elements of this part of ISO 6603-may be the subjec} of patent

rights. ISO ghall not be held responsible for identifying any or all such patent rights.

International

SC 2, Mechanical properties.

This second

Standard 1SO 6603-2 was prepared by Technical Committee/ ISO/TC 61, Plastics, Sub¢ommittee

edition cancels and replaces the first edition (ISO 660342:2989), which has been technically fevised.

ISO 6603 consists of the following parts, under the general*title Plastics — Determination of puncture impact

behaviour of

— Part1:1]

— Part2: |

Annexes At

rigid plastics:
Non-instrumented impact testing
nstrumented impact testing

D E of this part of ISO 6603 are. for. information only.
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Plastics — Determination of puncture impact behaviour of rigid
plastics —

Part 2
Instru

1 Sco

This part
the form ¢
or force-ti
the impac

ISO 6603
impact-fai

It is not 1
particular

NOTE

mented impact testing

pe

f flat specimens, using instruments for measuring force and deflection.dtjs applicable if a for
me diagram, recorded at nominally constant striker velocity, is necessary for detailed chara
t behaviour.

1 can be used if it is sufficient to characterize the impact behaviour of plastics by a thres
ure energy based on many test specimens.

he purpose of this part of 1ISO 6603 to give an .interpretation of the mechanism occurri
point of the force-deflection diagram. These interprétations are a task for scientific research.

See also clause 1 of ISO 6603-1:2000.

2 Nor

ative references

The following normative documents contain-provisions which, through reference in this text, constitute
this part df ISO 6603. For dated references, subsequent amendments to, or revisions of, any of these
do not apply. However, parties to @greements based on this part of ISO 6603 are encouraged to in

possibilit

of applying the most, recent editions of the normative documents indicated below.

referencesg, the latest edition ©f,the normative document referred to applies. Members of ISO and |

registers
ISO 2602

ISO 6603
instrumen

f currently valid International Standards.

ted impact testing.

bf ISO 6603 specifies a test method for the determination of puncture impact properties of rigi

1980, Statistical interpretation of test results — Estimation of the mean — Confidence intervg

1:2000;—~Plastics — Determination of puncture impact behaviour of rigid plastics — |

d plastics, in
ce-deflection
cterization of

old value of

ng on every

brovisions of
publications
estigate the
For undated
EC maintain

Part 1. Non-

3 Terms and definitions

For the purposes of this part of ISO 6603, the following terms and definitions apply.

3.1

impact velocity

Vo

velocity of the striker relative to the support at the moment of impact

NOTE

© 1SO 2000

Impact velocity is expressed in metres per second (m/s).
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3.2

force

F

force exerted by the striker on the test specimen in the direction of impact

NOTE Force is expressed in newtons (N).

3.3
deflection
I

relative displacement between the striker and the specimen support, starting from the first contact between the
striker and tire-test epcuhncu

NOTE 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  Epergy is expressed in joules (J).
NOTE 2  Epergy is measured as the integral of the force-deflection curve starting.frgm the point of impact up to a deflection .
3.5
maximum force
Fm

maximum fofce occurring during the test

See Figures|1 to 4.

NOTE Maximum force is expressed in newtons (N).
3.6
deflection gt maximum force

Im
deflection thpt occurs at maximum force Fyj

See Figures|1 to 4.

NOTE DEflection at maximum.force is expressed in millimetres (mm).
3.7

energy to maximum<arce

Em

energy expended up to the deflection Iy, at maximum force

See Figures 1to 4.

NOTE Energy to maximum force is expressed in joules (J).
3.8

puncture deflection

lp

deflection at which the force has dropped to half the maximum force Fy
See Figures 1 to 4 and note to 3.9.

NOTE Puncture deflection is expressed in millimetres (mm).

2 © 1SO 2000 — All rights reserved
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3.9

puncture energy

Ep

energy expended up to the puncture deflection Ip

See Figures 1 to 4 and note 2.
NOTE 1  Puncture energy is expressed in joules (J).

NOTE 2  When testing tough materials, a transducer mounted at some distance from the impacting tip may record frictional
force acting between the cylindrical part of the striker and the punctured material. The corresponding frictional energy shall not
be includ mn-the punhhlrn =Yar=17s1VA \I\Ihil‘h‘ fhnrnfnrn’ Is_restricted_to _that anlnntinn, at-which-the forcedropns to half the

maximum force Fy.

3.10
impact fdjlure
mechanicpl behaviour of the material under test which may be either one of the following types (see note):
a) YD yielding (zero slope at maximum force) followed by deep drawing

b) YS yielding (zero slope at maximum force) followed by (at least partially)-stable cracking
c) YU yielding (zero slope at maximum force) followed by unstable €racking

d NY no yielding

See Figures 1 to 4.

NOTE Comparison of Figures 2 and 3 shows puncture deflection I and puncture energy Ep are identical [for the failure
types YS @nd YU. As shown in Figure 4, identical values at maximum and at puncture are found for the deflection jas well as the
energy in the case of failure type YU. For complex behaviour-see annex A.

o
<)
- NN
Fu 5 ‘.,
g
u ,
12 Fy |-
/l ]

Iy lp Deflection

Figure 1 — Example of force-deflection diagram for failure by yielding (zero slope at maximum force)
followed by deep drawing, and typical appearance of specimens after testing (with lubrication)

© I1SO 2000 — All rights reserved 3
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Force

-
4
|
™
=

1/2 Fy |

lp Deflection

Figure 2l— Example of force-deflection diagram for failure by yielding (zero slope at maximum [force)
followed by stable crack growth, and typical appearance of specimens after testing (with lubridation)

T OSANN
Fu | ‘.
g

12 Fy

Deftertion

NOTE Natural vibration of the force detector can be seen 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 diagram for failure without'yielding followed by unstable crack
growth, and typical appearance of specimens afterjtesting (with lubrication)
4 Pringiple

The test dpecimen is punctured at its centre using a lubricated striker, perpendicularly to the test-specimen surface
and at a mominally uniform velocity. The resulting forcexdeflection or force-time diagram is recorded dlectronically.

The test g§pecimen may be clamped in position during\the test.
The forcg-deflection diagram obtained in thesg tests records the impact behaviour of the specimer] from which
several fegtures of the behaviour of the matérial may be inferred.

5 Apppratus

5.1 Tegting device, consisting of the following essential components:

— energy carrier, whichrnmay be inertial-mass type or hydraulic type (see 5.1.1);
— strikgr, 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 measurable (see Figure 5).

5.1.1 Energy carrier, with a preferred impact velocity vy 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 may be found to 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.

© I1SO 2000 — All rights reserved 5
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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 gravitationally, spring- or pneumatically-assisted.
Suitable devices are falling-dart machines.

In the case of a gravitationally accelerated mass and neglecting frictional losses; the impact velocity vy corresponds
to a drop height Hq of the energy carrier of (1,0 £ 0,1) m.

For all inertial-mass-type energy carriers the impact velocity shall be measured by velocity-measuring sensors
placed close to the point of impact. The maximum decrease of velocity during test results in the minimum mass,
mc, of the carmieractordingtoequations () anmd(2)(See note):

me > 6 E*/vg2 Q)
mc = 0,B1 E* forvg=4,4m/s (2)
where

mc 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);
Vg Is the impact velocity (4,4 m/s, see 3.1).

NOTE Injmany cases, a weighted energy carrier with a total mass m&0f 20 kg has been found to be sufficient for the larger
striker and of p kg for the smaller striker (see 5.1.2).

5.1.2 Striker, preferably having a polished hemisphefical striking surface of diameter (20,0 4 0,2) mm.
Alternatively} a (10 + 0,1) mm diameter striking surfacesmay be used.

NOTE 1 The size and dimensions of the striker and .condition of the surface will affect the impact results.

The striker ghall be made of any material with sufficient resistance to wear and of sufficiently high strength to
prevent plagtic deformation. In practice, hardened steel or materials with lower density (i.e. titanium) have been
found acceptable.

The hemispherical surface of the.striker shall be lubricated to reduce any friction between the striker arnd the test
specimen (sge note 2 and annex B).

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

The load ce]l shall<be located within one striker diameter from the tip of the striker, i.e. mounted as ¢losely as
possible to [the{tip to minimize all extraneous forces and sufficiently near to fulfil the frequencytresponse
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 can not 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 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/mc of 10
between base (mg) and energy carrier (mc) 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 annex B of ISO 179-2:1997 [5].

6 © 1SO 2000 — All rights reserved
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SRRl

\
5
1
8
Key
1 Test specimen 5 Test specimen support
2 Hemisgherical striker tip 6 Clamping ring (optional)
3 Load cell (preferred position) 7 Base
4 Shaft 8 Acoustical isolation (optional)
Figure 5 — Example ofctest device
9D,
Dimensions in millimetres ¢ Dz 1
Specimen Side of square or
type diameter of disc
60 140 / -
D, 40+ 2 100 £5
R
D 60 140
3 ¢ 0y 2
Dy > 90 > 200 R
12 12 N
1 1 YX ES
Key
1 ClampihgTmng(optiomat)

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

NOTE Pneumatically and screw-operated clamps have been successfully employed. The results obtained for clamped and
unclamped specimens are likely different (see annex C).

© I1SO 2000 — All rights reserved 7
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5.2 Instruments for measuring force and deflection:

5.2.1 Force measurement system, for measuring the force exerted on the test specimen. The striker may be
equipped with strain gauges or a piezoelectric load transducer which shall be placed close to the striker tip. Any
other suitable method of force measurement is also acceptable. The measuring system shall be able to record
forces with an accuracy equal to or within 1 % of the relevant peak force.

The force measurement system shall be calibrated as set-up ready for measurement. Calibration may be
performed statically (for example, by imposing known loads on the striker) or dynamically (see for example
reference [4]). Errors in force measurement after calibration shall be less than + 0,5 % of the forces used for

calibration.

As the durat]

on of the test is very short, only electronic load cells with a high natural frequency shall-be

used (see

note 1). The|natural frequency f, of the test device (striker and load cell) shall conform to the following condition:

fn = 6 kHz
For interpretation of complex force-deflection curves, even higher values of the natural frequency f, may be hecessary
(see annex ). For detecting the first damage depicted in Figure A.2, the natural fréequency shall comply with the
following cordition (see note 2):
where

fn s the natural frequency, expressed in kilohertz;

Atg s the event time of the relevant detail of the farce-deflection curve, expressed in millisecpnds (see

Figure A.2).

The natural|frequency can be checked by studying.the oscillations following brittle or splintering fajilure (see
Figure 3).
For the banglwidth 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 o¢f at least
100 kHz (seg notes 3 and 4).
NOTE 1  Ap example of such a measurement train is a piezoelectric load cell, mounted between the striker and the shaft (see
Figure 5) and|connected to a charge-amplifier.
NOTE 2 If] for example, the, increase in deflection Atg - vy during the event (see Figure A.1) is only 1 mm (10-P m), at an
impact velocity vy of 4,4 m.s<I, then the corresponding event time is Atg = [(10-3 m)/(4,4 m s1)] =2 x 10-4 s, resylting in the
minimum natyral frequencyfof f,, > [5/(2 x 10-4 s)] = 25 kHz.
NOTE 3  In| the testing of very brittle products, elastic impact may cause resonant oscillations, thus making if difficult to
interpret the fpree-deflection curve (see annex A). In this case, it can be useful to carry out low-pass filtering on the recorded

force-time dial

ram 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 i)].

NOTE 4  Vibration of the test specimen (see Figure A.3) and of the test device as well as uniform noise on the trace generates
uncertainties of the measured maximum force (see 3.5) but has virtually no effect on the puncture energy (see 3.9).

5.2.2
deflection of

the test specimen to yield a force-deflection diagram.

Deflection measurement system, consisting of an electronic transducer for the determination of the

In most cases the testing devices for force and deflection show a difference of their transit times generating a time
offset in the force-deflection curve, which increases proportionally to the impact velocity. The time traces are to be
synchronized by a time shift corresponding to this transit-time difference.

© ISO 2000 — All rig
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With inertial-mass type machines, it is possible to measure a force-time diagram only and to calculate the deflection
in accordance with 8.2.1.

5.3 Thickness gauge, as specified in 5.2 of ISO 6603-1:2000.

6 Test specimens

6.1 Shape and dimensions

6.2 Preg

See 6.2 in
6.3 No
See 6.3 in
6.4 Ch
See 6.4 in

6.5 Nu

If the test
required.
paramete

If a large
measured

6.6 Co

See 6.6 i

7 Prog

7.1 Tes

ASA~A~A~ =y -~ A~

paration of test specimens

ISO 6603-1:2000.

n-homogeneous test specimens

ISO 6603-1:2000.

bcking the test specimens

ISO 6603-1:2000.

mber of test specimens

is conducted under constant conditions, at least five or, in cases of arbitration, 10 test sp
If the measurements are to be made as a\function of temperature, relative humidity or
, the number of test specimens may be reduced depending on the statistical scattering of the

number of test specimens is requited, for example to determine the temperature depeng
quantities, the test specimens shallbe selected in accordance with statistical principles.

nditioning of test specimens

ISO 6603-1:2000.

edure

t atmasphere

See 7.11n

ecimens are
some other
test results.

ence of the

IS®© 6603-1:2000.

7.2 Measurement of thickness

See 7.2 in 1ISO 6603-1:2000.

7.3 Clamping the test specimen (optional)

See 7.3 in ISO 6603-1:2000.

7.4 Lubrication

See 7.4 in 1ISO 6603-1:2000

© 1SO 2000
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7.5 Puncture test procedure

Place the test specimen on the specimen supporting ring (5.1.4) and clamping device (5.1.6) as appropriate.

Conduct the puncture test with the impact velocity specified in 5.1.2. Ensure that the velocity does not change
during the puncture process by more than 20 % by checking the deflection-time trace or by using equations (1) and
(2) with the energy E* equal to Ep_

8 Calcul

ations

8.1 Exprg

Take the fo
shall be calg

For the purg
Standard for

e) ly isth
f) Ep isth
g) Fp isth
h) Ip isth
i) Ep isth
Additionally,
and YU, en
3.10). For cq
8.2 Calcu

If the test rqg
force Iy and
the puncturg
curve, using

For inertial-r
of the test s
calculated fr

bssion of results

ce-time curve or, where directly measured, the force-deflection curve as the test result. Oth
ulated employing these data.

the material concerned, the values of the following properties shall be taken as results of the
e deflection at maximum force (see 3.6), expressed in millimetres;

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

e maximum force (see 3.5), expressed in newtons;

e puncture deflection (see 3.8), expressed in millimetres;

e puncture energy (see 3.9), expressed in joules;

the type of failure as defined in 3.10 and-by Figures 1 to 4 should be reported. For failure

bure that frictional forces do not affeet;the force-deflection diagram at large deflections (sé
mplex behaviour see annex A.

lation of deflection

sults are in the form of a-force-deflection curve, the maximum force Fy;, the deflection at
the puncture deflection/lp can be read directly from the graph. The energy to maximum for
energy Ep (see Figures 1 to 4) can be determined by measuring the area under the force
a planimeter, computer analysis or other suitable means.

nass type.energy carriers (see 5.1.2) that show nominally no frictional loss during impact, the
becimen:tmay not directly be measured by a displacement measuring system. In this case,
bm theforce-time trace using equation (3).

er results

oses of routine characterization and in the absence of other conditions described in the International

test:

types YS
be note in

maximum
e Ey and
deflection

deflection
it shall be

[t 1

1 +
|(t)=v0t——-j
mC 0

where
Vo
t
F(t)

I(t)

10

U F(t)dtlet + % gt 2
0

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 metres;

© ISO 2000 — All rig
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mc is the falling mass of the energy carrier, expressed in kilograms;
g is the local acceleration due to gravity, expressed in metres per second squared.

Since the last term of equation (3) 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 equation (4) (see
note 1).

g
[FOa 4)
0

where
F(l) |is the force at the deflection I, expressed in newtons;
I is the deflection, expressed in metres;
] is a subscript denoting one of the following points:

M = maximum

P = puncture;

E is the energy, expressed in joules.

NOTE 1 |In place of a graph, or in conjunction. Wwith it, the values of forces and resultant deflections may| be recorded
electronicafly. Utilising electronic integration, the eénergy to maximum force and the puncture energy can be deterniined.

In the calse of frictionless energy carriers, impacting horizontally, the energy can also be calculpted without
developinp the deflection/time trace, using the equations (5) and (6) (see note 2).

Eja
i =|Eig | 1— 5
Ej =|Eja ( 4Ec) (5)
4
Eja Y J. R(ty)dty (6)
0
where
Ea is the approximate value of the energy, calculated assuming a constant velocity vy, expressed in
joules;
Ec is the energy of the energy carrier just before the impact, expressed in joules;

F(t1) is the force at the time t1, expressed in newtons.
NOTE 2 Equation (5) 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.

© 1SO 2000 - All rights reserved 11
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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).

8.5 Significant figures

Report all calculated mean values to two significant figures.

9 Precisien

The precisio
data are obt

10 Testr

The test rep

a)

b)

c)

d)
e)
f)
9)
h)

)
k)

12

a refere
the test
— the
— the
— whe
— the
e.g. "Ing

the typs
as coats

the sha
the met
the ave

the test

striker diameter 20 mm (or 10 mm),

h of this test method is not known because interlaboratory data are not available. When inter|
hined, a precision statement will be added with the next revision.

bport

brt shall include the following information:
hce to this part of ISO 6603

parameters, identified as follows:

support ring diameter 40 mm (or 100 mm),

her the specimen was clamped C (or unclamped U),
mpact velocity 4,4 m/s (or other),
trumented puncture test ISO 6603-2/40/20/C/4,4";

, identification mark, origin{ date of receipt and other pertinent data concerning the test mat
bd, textured and orientationjof texture;

be and dimensions ofthe test specimens;
hod of preparation of the test specimens;
age thickness of the test specimens, measured in accordance with 7.2;

conditions and, if applicable, the conditioning procedure;

aboratory

erial, such

the number of test specimens tested;

the appearance of the test specimens after the test (optional);

the impact-failure criterion that was agreed upon, if different from that given in 3.8;

the natural frequency of the force-measuring device;

the type and essential characteristics of post-test filtering, if used;
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m) the individual test results, arithmetic mean, standard deviation or coefficient of variation and the 95 %
confidence intervals of these mean values of the following properties, if required:

— the maximum force Fy,, expressed in newtons;
— the deflection at maximum force |y, expressed in millimetres;
— the energy to maximum force Ey,, expressed in joules;

— the puncture energy Ep, expressed in joules;

— the puncture deflection Ip, expressed in millimetres;
n) the type of failure (see 3.10);
0) the fqrce-deflection or force-time curves;

p) the date of the test.

© 1SO 2000 - All rights reserved 13
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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 to 4.
In such cases, a point of damage D cannot be derived in any simple way from the force-deflection diagram using a

standard prq

cedure

However, by
cases a relig

Practically,
systems, reg
shall be selg

This method
in the rising

Although for

very often a|second peak occurs due to the formation of the crack necessary for the penetration of the s
Figures A.1 fnd A.2).

Many peakg in the force-deflection diagram can appear due to resonance (see Figure A.3). The interp
such a diagrpm is very difficult, even when the condition given in'5.2.1 on the natural frequency of the tes
met.

A visual asgessment of the broken specimen is then_the only way of describing the fracture behavi
impact.

means of an accurate comparison of the force-deflection diagram with the specimen tésteq
ble statement about the agreed point of damage can be made.

AN impact experiment can be conducted with a lower energy (falling height)~using ine

cted slightly larger than the assumed puncture energy.

is especially recommended for the testing of brittle or textile-reinforced-materials. In these cg
bart of the force-deflection diagram is found indicating first damage, B (see Figure A.1).

brittle and fibre-filled materials the maximum force usually correéSponds to the force of cracK

, In many

tial mass

pectively lower testing speed using hydraulically driven systems. In the first case, the availalple energy

ses, a dip

initiation,
riker (see

etation of
l device is

bur under

9
S
g
Fu o
Fo
1/2 Fy / /V
A fE' Vo
| |
lp Iy lp Deflection

First damage (D) followed by puncture (P), where Atg is the event time of the first damage in the force-time trace
and vg the impact velocity.

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

14

first damage followed by puncture
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Defléetion

Figure A.2 — Schematic force-deflection diagram for a brittle ortextile-fibre reinforced material

Force

172 Fy

ly Ip

Deflection

Figure A.3 — Schematic force-deflection diagram for splintering material, superposed by strong resonance
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Annex B
(informative)

Friction between striker and specimen

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. However, a frequent observation is a

circular cra
amount of s
the circle of
therefore,
disadvantag

— Dueto
uncontr

ress at the top point due to friction. The maximum stress and consequently the locus of failur
contact between the striker and the specimen (see Figure B.1). The part of the specime

fop in the
e shifts to
n volume,

hich stores and absorbs energy during the test, strongly depends on friction. Additionally, other

s may occur due to friction.

he action of an unknown amount of friction, the forces appearing in a puncture-test are increased in an

blled way.

— For some materials a friction-caused abrasion of the polymer can be observed. The abraded matq

onto the
and ext
reduced

— The typ
tempera
acts as
(see Fid

— The res

striker tip together with other deposits resulting, for example, fromy'additives like demouldi
ernal lubricants. As a result of this deposit, a distinct increasévin scatter occurs which ca
by cleaning the tip carefully before each test (see Figure B.1),

e of cooling has a strong influence on puncture ductility> When cold specimens are teste
ture, a thin film of water or ice from the atmospheric humidity condenses on the specimen s\
a lubricant. Therefore, an apparent step in the temperature-dependent ductility occurs at g
ure B.2).

ults of puncture may be influenced by the striker material, its surface roughness and t

specimgn tested.

Lubricating
centre, as e

obtained. T
properties of

Tests at a h
have shown
lubricants m
102 m/s, re
generally ca

Dr greasing the striker overcomes these disadvantages. The failure of the specimens oc

rial clings
ng agents
n only be

i at room
rface and
bout 0 °C

nat of the

urs at its

pected. By concentrating the plastic deformation at the centre of the specimen instead of spreading it
over a IargI, undefined portion of the specimen volume, scattering is reduced and comparable dat

e values obtained with allubricated striker are unequivocal lower limits of the tested n
the material.

igh standard test_speed of 4,4 m/s using lubricants in the viscosity range of 0,01 Pa-s < 7}
that the type ,ef lubricant is not relevant. At test speeds lower than 1 m/s, however, oy
ay be squeezed-out of the contact area and can result in diverging values. At test speeds |
Sults tend tobe similar to those of specimens tested without lubrication. Sufficient lubrication
h be controlled by checking the locus of failure (see Figure B.1).

a can be
echanical

<10 Pa-s
-Vviscosity
pwer than
however,
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///L/ \\7\)\\ AN with without
AN lubrication
\\
~

— — — Lubricant: None

Lubricant: Vaseline

| |
20

30 Deflection, mm

Figure B.1 — Force-deformation curves and the appéarance of test specimens with tough failipng, tested
with and without lubrication of.the striker, for example using Vaseline
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Figure|B.2 — Puncture energy as a function of temperature with and without specimen lubrication

18 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=b4c95b00180aac38def970ed59d25d58

