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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
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rotechnical standardization.

proteatfres—Hsea—to—aeverop—ta e meht3a ~—rrefrdea—Tor— trther—+aathatenance are
ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria egded for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documeént may be the subject of

patel

any |
on th

Any
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it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

For an explanation on the meaning of [SO specific terms and expressions related to conformitylassessment,
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Tech
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]l as information about ISO’s adherence to the World-Trade Organization (WTO) pringiples in the
hical Barriers to Trade (TBT) see the following URLiZwww.iso.org/iso/foreword.html.

fommittee responsible for this document is ISQ/TC 22, Road vehicles, Subcommittee S 35, Lighting
isibility.

second edition cancels and replaces thefirst edition (ISO 15082:1999), which has been technically
ed.
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INTERNATIONAL STANDARD

ISO 15082:2016(E)

Road vehicles — Tests for rigid plastic safety glazing
materials

1 Scope

This document specifies commonly used test methods relating to the safety requirements for rigid

plasfmm@ammmwm“ﬁm
comjposed.

NOTH
Anne

NOTH

1  Plastic safety glazing materials are classified as rigid or flexible by use of the’ test
X A

2 Further test methods might be defined in separate standards.

2 Normative references

The
cons
unda

[SO 4

following documents are referred to in the text in such away that some or all of t
Fitutes requirements of this document. For dated referernices, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

8, Rubber, vulcanized or thermoplastic — Determingation of hardness (hardness between

100 IRHD)

ISO 3
[SO 4

For t

ISO 4

— 1

4

538, Road vehicles — Safety glazing materials— Test methods for optical properties

892-2:2013, Plastics — Methods of expesure to laboratory light sources — Part 2: Xenon

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 3536 apply.

nd IEC maintain terminelogical databases for use in standardization at the following g

EC Electropedia;-available at http://www.electropedia.org/

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

[est conditions

Unle

bsLotherwise specified, the tests shall be carried out under the following conditions:

ich they are

described in

heir content
applies. For
hts) applies.

710 IRHD and

arc lamps

ddresses:

— ambient temperature: 20 °C £ 5 °C;

— atmospheric pressure: 86 kPa to 106 kPa (860 mbar to 1 060 mbar);

— relative humidity: (60 £ 20) %.

5 Conditioning of test specimens

Unless otherwise specified, all test specimens to be tested shall be conditioned prior to testing under
the following conditions and for the following periods of time:

— ambient temperature: 23 °C = 2 °C for at least 48 h;

© ISO
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— ambient relative humidity: (50 * 5) % for at least 48 h;

— low temperature: -18 °C £ 2 °C for at least 24 h.

6 Application of tests

For certain types of safety glazing material, it is not necessary to carry out all the tests specified in this

document.

7 Optica

1 properties test

Test plastic

8 Head-

8.1 Pring

Determine t

cafety glazing materials in accordance with ISO 3538.

form /fragmentation test

iple

8.2 Apparatus

8.2.1 Hea
covered witl

Between th
other side o

The dimens

The total m{

[ the cross-beam, a mounting rod.
ons shall be in accordance with Figure<-
iss of the apparatus shall be 10 kg-#:0,2 kg.

he fragmentation characteristics of plastic safety glazing materials\at ambient tempergture.

d-form weight, shall be a spherical or semi-sphericalrhead made of laminated hardyood
1 replaceable felt and with or without a cross-beamgmade of wood.

e spherical part and the cross-beam, there is a\neck shaped intermediate piece and on the

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=7a8acf9f6cfc62e471dc1999b0fce984

ISO 15082:2016(E)

Dimensions in millimetres

=500

S
wn
o
Ns)
[9a)
"+

7

7
5/ ~~|—
500
Key
1 -[:ounting rod
2 iptermediate piece
3 dross-beam (optional)
4 :Lead
5 It cover 5 mm thick
Figure 1 — Head-form weight
8.2.2 Drop.
The means for dropping-the head-form weight freely from a height is to be specified, or th
giving the weight avelacity equivalent to that obtained by the free fall.
Wheh a device to-project the head-form weight is used, the tolerance on velocity shall be
velodity equivalent to that obtained by the free fall.
8.2.3 ~Supporting fixture for testing flat test specimens, as show in Figure 2.

e means for

+1 % of the

The fixture is composed of two steel frames, with 50 mm wide machined edges, fitting one over the
other and faced with rubber gaskets about 3 mm #* 0,5 mm thick, and 15 mm * 1 mm wide, of hardness
70 IRHD, measured in accordance with ISO 48. The upper frame is pressed against the lower frame by
at least eight bolts; the minimum recommended torque for M20 bolts is 30 Nm. Alternatively, other
pressing techniques may be used, e.g. hydraulic or pneumatic pressing (see 8.4).

8.3

Test specimens

Test specimens shall be flat rectangles with length 1 100 mm *3 mm and width 500 mm *3 mm.
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Dimensions in millimetres
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Z Z Z - - Z Z Z T 2 =
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105

1070

1170

Key
1 rubberg
2 bolt

8.4 Proce

Place a cong
amount of h
the test will
incident dir

The head-fo
centre on th|
on the vehid

The felt cov{

hsket

Figure 2 — Support for head-form tests

rdure

itioned test specimen in_the supporting fixture (Figure 2); the torque on the bolts, o

not exceed 2 mm,The plane of the test specimen shall be substantially perpendicular
ection of the head=form weight.

'm weight shall strike the test specimen, from a height to be specified, within 40 mm
at face which represents the inside face of the plastic safety glazing material when moy
le, and shall be allowed to make only one impact.

brishall be replaced after 12 tests or when damaged.

r the

ydraulic or pneumatic pressure, shall ensure that the movement of the test specimen dyring

o the

of its
nted

8.5 Expression of results

Evaluate the fracture characteristics of the plastic safety glazing material by recording whether the
test specimen did not break and the head-form was supported, or the test specimen broke and the head-
form was supported, or the test specimen broke and the head-form was not supported. Record the drop
height for each impact test.

In the event of fracture, evaluate the plastic safety glazing material by recording the smallest angle
between two adjacent sides of resulting fragments and the area, longest dimension, and weight of the
largest fragment. Record this data for the fragments remaining in the supporting fixture and for those

that are disl

odged from the supporting fixture.
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9 Head-form test with deceleration measurement

9.1

Principle

Assessment of the minimum strength and fragmentation characteristics of plastic safety glazing
materials under impact from a blunt, bulky object at ambient temperature. The danger of skull-brain-
injuries is assessed by simultaneous determination of the HIC (head injury criterion)-values.

Tests can be performed on flat specimens or on complete panes.

9.2 —Testconditions

Unlefs otherwise specified, the test shall be carried out under the following conditions:

— 1

9.3

Unleps otherwise specified, the test pieces to be tested shallbe.conditioned prior to testiy
following conditions and for the following periods of time:

— ambient temperature: 23 °C + 2 °C for at least 48 h;

— ambient relative humidity: (50 £ 5) % for atleast 48 h.

9.4

To pérform the head-form test with deceleration measurement, a test apparatus according
can be used. The head-form (see 9.4 and Figure 4) is fixed to the cross arm of the guide

movy{
the N
from
Instd
used
drop

dmbient temperature: 20 °C £ 5 °C;

dtmospheric pressure: 86 kPa to 106 kPa (860 mbar to 1 060 mbar);

elative humidity: (60 + 20) %.

Conditioning of test pieces

Apparatus

bd to the required drop height by means of a lifting device. To start the drop test the crq
ead-form is released. Aftefspassing the height-adjustable light barrier the head-forn
the cross arm, the cross-arm’s fall is dampened and the head-form drops onto th
ad of the data transmission via cables, wireless data transmission (e.g. radio transmis
In this case,the guide/system can be omitted because of no risk of obstruction of the
by any cables.

1g under the

to Figure 3
system and

ss arm with

is released
e test piece.
bion) may be
free vertical
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lifting dgvice

release device

drop body (head-form)
guide system

light barfier

damperf

N O U W e

test-piece support

Figure 3 — Principal sketch of a test apparatus for the head-form test with deceleration
measurement

9.4.1 Head-form weight. Head-form [as shown in Figure 4 for data transmission via co-axial (BNC)
cables] with total mass of 10,0 kg + 0,2/-0,0 kg, which allows the simultaneous determination of HIC-values.

The components of the head-form according to Figure 4 are listed in Table 1. In the middle of the base
plate (24), the tri-axial mounting block (26) is mounted in the centre of gravity to hold the acceleration
gauges (27). The acceleration gauges shall be arranged vertically to each other.

6 © IS0 2016 - All rights reserved
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The basin (18) and cover (19) situated under the base plate (24) share, to a great extent, the elastic
properties of the human skull. The elastic properties of the head-form on impact are determined by the
hardness and the thickness of the intermediate ring (13) and the basin.

If wireless data transmission is used instead of transmission via co-axial cables, it shall be ensured
that those electronic components additionally installed in the head-form do not influence mass, gravity
centre point and spring force of the head-form. Those electronic components shall be installed on the
base plate (24) only. A mass correction, if necessary, is also restricted to the base plate at that surface
which faces the hollow space within the head-form. If additional miniature components for controlling
of the electronic modules are required (e.g. micro switches, loading sockets for voltage supply), these
may replace the co-axial cables. In this case, the original holes in the cover plate (29) and the protective
cap (BUJshall be used for the Installation and wiring.

© IS0 2016 - All rights reserved 7
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Key

30

29

28

27

26
25
10
22
j 11
24 T 77T
' TTINGR
[ 13
14
| 15
20
18 17
19
magneti¢ holding device 17 screwed insert
vibratio damper 18 basin
HF conng¢ctor BNC 19 cover
hexagonal nut 20 guide bush
disc 21 counter sunk crew
transitiop pi€cé 22 damping disc
cylinder [sctew 24 base plate
hexagonal nut 25 set screw with hexagon socket
disc 26 tri-axial mounting block

rubber ring

damping ring

intermediate ring

guide tube

hexagonal nut
threaded bolt

27
28
29
30

acceleration gauge
wood component
cover plate
protective cap

Figure 4 — 10 kg head-form
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9.4.2 Measuring device, for recording and evaluation of the measured deceleration curves ax(), ay(y)
and az(y), transmitted from the head-form acceleration gauges via cables or wireless: acceleration gauges,
measuring and recording instruments according to ISO 6487, channel-amplitude class CAC 5000 m/s?
and channel-frequency class CFC 1 000Hz.

Table 1 — List of components for the 10 kg head-form shown in Figure 4

Position N““f‘ber of Standard notation Material Remarks
no. pieces
1 1 Magnetic holding device |Steel: EN 10025-2-E295GC —
Diamreter—50 mm
2 1 Vibration damper Rubber/steel ThicknessyB0 mm
Thread: M1p
— Coupler-coypler
3a 4 HF connector BNC (EN 12212d)
4 1 Hexagonal nut — —
ISO 10511-M10-05
5 6 Disc — —
ISO 7090-6-200HV
6a 3 Transition piece = —
Pos.No. 3 - Pos.No. 27
Cylinder screw —
7 6 1S0 4762-M6x140-8.8 Torque abopit 12 Nm
8 3 Hexagonal nut — Torque abofit 4 Nm
ISO 10511-M8-05 (see 9.5)
Hole diameter: 8 mm
9 3 Disc Steel EN 10025-2-E295GC Outer diamgter: 35 mm
Thickness: [I,5 mm
Hole diameter: 8 mm
) Rubber, hardness 60 IRHD N
10 3 Rubber, ring (IS0 48) Outer diamgter: 30 mm
Thickness: L0 mm
Hole diameter: 120 mm
11 1 Damping ring Gasket paper Outer diamgter: 199 mm
Thickness: 0,5 mm
12 — — — —
Hole diameter: 129 mm
13 1 Intermediate ring Butadiene-rubber, hardness Outer diameter: 192 mm
about 60 IRHD (IS0 48) Thickness: gbout 6 mm
(seeJd.5]
Inner diameter: 8 mm
14 3 Guide tube Polytetrafluoroethylene (PTFE) |Outer diameter: 10 mm
Length: 40 mm
15 3 Hexagonal nut — —
[SO 10511-M8-05
Threaded bolt — —
16 3 DIN 976-1-
M8x90-B-8.8
a  These components are unnecessary in case of wireless data transmission. In this case, other components for data
transmission are installed in the head-form (e.g. radio-transmitter) (see 9.4.1).

© ISO 2016 - All rights reserved
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Table 1 (continued)

Position Nurpber of Standard notation Material Remarks
no. pieces
. Castalloy Dimensions M8 x 12
17 3 Screwed insert EN 1982-CuZn39Pb1AI-C-GP | (DIN 7965)
18 1 Basin Polyamide 12 (ISO 1874-1) —
Thickness: 6 mm
19 1 Cover Butadiene-rubber
Rib on one side
20 1 Guide bush Steel EN 10025-2-E295GC —
21 4 Counter sunk screw o —
ISO 2009-M5x10-5.8
Diameter: 65 mm
22 1 Damping disc Gasket paper
Thicknéss:"0,5 mm
23 — — — —
24 1 Base plate Steel EN 10025-2-E295GC —
25 1 ;51(; screw with hexago- Class of strength 45H o
socket (ISO 898-5)
26 Tri-axial mounting block — —
27 Acceleration gauge — See 9.4.2
28 Wood component Hornbeam, glued\in layers —
Alloy EN 5733 ; EN AW-5019 —
29 1 Cover plate (EN AW-AIMg5)
30 1 Protective cap Polyamide 12 (ISO 1874-1) —

a  These co
transmission

nponents are unnecessary in case of wireless(data transmission. In this case, other components for
pre installed in the head-form (e.g. radio-transmitter) (see 9.4.1).

data

9.4.3 Sup

The fixture

porting fixture for testing flat test specimens, is shown in Figure 5.

is composed of two steekframes, with machined edges, 50 mm wide, fitting one

over

the other and faced with rubber gaskets about 3 mm #* 0,5 mm thick, and 50 mm + 1/-0 mm widle, of
hardness 700 IRHD, determined inraccordance with ISO 48. The upper frame is pressed against the lpwer

frame by at
other pressi

10

least eight bolts; tiesminimum recommended torque for M20 bolts is 30 Nm. Alternat
Ing techniques may be used, e.g. hydraulic or pneumatic pressing (see 9.7).

vely,
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Dimensions in millimetres

2
1
- O -
| |
| |
| | |
| |
o — — 1 = &
| |
| |
! ' !
| |
W —————— L _—__—__—__—_—_—_ )
105
1070
1170
Key
1 1tubber gasket
2 holt
NOTH Dashed line indicates centre line of rubber strip, centrally on support edge.

Figure 5 ~——Support for tests on flat specimens

9.4.4 Supporting fixture fortesting complete panes.

The fupport shall consistof a rigid piece corresponding to the shape of the pane so that the head-
form| weight faces theyinternal surface. The pane shall be clamped to the supporting gtructure by
means of appropriate devices, with interposed stripes of rubber of hardness 70 IRHD, determined in
accordance with,1SO 48, and thickness of about 3 mm, the width of contact over the whole perimeter
being about X5 mm.

9.4.3 _Equipment to calibrate the head-form.

Drop appliance which shall allow drop heights between 50 mm and 254 mm to be adjusted exactly to
within 1 mm. A guide system is not necessary for these small drop heights.

Impact plate made of steel, dimensions 600 mm x 600 mm, minimum thickness 50 mm, flatness
tolerance t = 0,05 mm, determined in accordance with ISO 1101.

9.5 Calibration procedure and adjustment of the head-form

Before each test series and no later than each 50 tests within a series, the head-form shall be calibrated
and adjusted if necessary.

The impact plate shall be clean and dry and shall lie non-positively on a concrete base during the
calibration procedure. Alternatively, the impact plate may be placed in a massive supporting device if
this device is connected to a concrete foundation.

© IS0 2016 - All rights reserved 11
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The head-form is allowed to hit the impact plate vertically. The drop heights (measured from the lowest
point of the head-form to the surface of the impact plate) are 50 mm, 100 mm, 150 mm and 254 mm.
The deceleration curves shall be recorded.

The greatest deceleration a; from the various drop heights on the z-axis shall lie within the limits given
in Table 2.

Table 2 — Greatest deceleration a; on the z-axis which shall be reached for calibration,
depending on the drop height

Drop height Greatest decelerationa a,

TITTTT /52

50 (82+8)g

100 (128+8) g

150 (167 +10) g

254 (227+14) g
a  The values of the greatest deceleration a, are maximum values of (the
deceleration curves a,(t), expressed in multiples of g (acceleration due to
gravity: g = 9,81 m/s2).

The deceler
height of 25

htion curves shall be based on a uni-modal oscillation. Theldeceleration curve of the
1 mm shall run at least 1,5 ms and at most 2 ms over 100/g.

drop

If the requifements given above are not met, the elastic properties of the head-form shall be adjusted

by varying {
out by adjus
(18) is fixed
brittle or cr

The cover (
especially, t

he thickness of the intermediate ring (13) of the base plate (24). Corrections can be ca
ting the three self-locking hexagonal nuts (8) oncthie threaded bolts (16) by which the |

to the base plate (24). The rubber rings (10);under the hexagonal nuts (8) should n
hcked.

19) of the impact surface and the intérmediate ring (13) should be replaced if dam
hey should always be replaced simultaneously if the head-form can no longer be adjust

9.6 Test pieces

Flat test spe

cimens (1 170 mm + 0/-2 mm x 570 mm + 0/-2 mm) or complete panes shall be subject

rried
basin
bt be

hged;
ed.

ed to

testing.

9.7 Test procedure

ts on
4),

In case of flat test specimens, fix the specimen in the supporting frames (see 9.4.3). In case of tes
complete panes, clanipjthe pane to a support which has a shape corresponding to the pane (see 9.4

The torque that

the movemsd

bn the’bolts respectively the amount of hydraulic or pneumatic pressure shall ensurg
ntef'an edge of the test piece during the test will not exceed 2 mm.

The plane of the test piece shall be substantially perpendicular to the incident direction of the weight.
The head-form weight shall strike the test piece within 40 mm of its geometric centre on that face
which represents the inward face of the safety glazing pane when the latter is mounted on the vehicle,
and shall be allowed to make only one impact.

In case of data transmission via co-axial cables, the head-form is fixed to the cross arm of the guide
system (see Figure 3) and moved to the required drop height!) which depends on the desired impact
velocity. In case of tests on complete panes, drop heights between 1,5 m and 3 m are used if not specified
otherwise. The cross arm which carries the head-form is released. After passing the height-adjustable
light barrier the head-form is released from the cross arm, the cross arm’s drop is dampened and the
head-form drops onto the test piece.

1) The drop height is the distance between the lowest point of the head-form and the upper surface of the test
piece.
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In case of wireless data transmission, the guide system can be omitted. The head-form is fixed directly
to the upper release device of the lifting unit and moved to the required drop height. The head-form is

relea

sed and drops freely onto the test piece.

No impulse may be given to the head-form by the drop appliance or by the data-transmission cables (if
applicable), so that it is accelerated only by gravity and drops freely and vertically.

The deceleration curves occurring on impact on the test piece for ax, ay and az shall be recorded versus

time,

t.

After the head-form weight has impacted the test piece, it shall be checked whether a glazing edge has

moved more than 2 mm in the support and whether the requirement for the point of imp

ct was met.

The qcceleration components ay and ay shall be smaller than 0,1 a; for a vertical impact,

9.8

The dleceleration curves shall be evaluated as follows:

The
from|
grav

-~

The |
of ar
shall

—_

Evaluation

resulting deceleration areg(t) in the centre of gravity shall be calculated according to

ty, g, expressed in metres per square second (m/s2).

)= )2 (0)

beriod for which the deceleration ayes exceeds the value of 80 g continually, and the g
Ls shall be determined. The HIC-value?) as a measure of the danger of blunt skull-b
be calculated according to Formula (2):

2,5
. ,
{[C = max f(t)= max, (tz - tl)_l’s fares (t)dt

ty

Formula (1)

the measured deceleration curves ax(t), ay(t) and az(t) as multiple of the accelergtion due to

)

eatest value
rain-injuries

(2)

2) The unit of the HIC-value is defined as unit 1.
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where

max f(t) is the maximum value of the function f(¢);

t is the point of time selected for the calculation as start point of the deceleration meas-
urement, in seconds;

t is the point of time selected for the calculation as end point of the deceleration measure-
ment, in seconds;

Qres is the resulting deceleration according to Formula (1) as multiple of the acceleration due
{0 ETavity g, EXpressed i Metres Per Square Secord (m/S27;

The integratiion limits ¢1 and ¢t shall be selected in such a way that the function f(t) gets a maxirium value.

9.9 Expression of results
Record the drop height for each impact test.

Evaluate the fracture characteristics of the plastic safety glazing material by_recording whether the
test piece dld not break and the head-form was supported, or the test piece.broke and the head{form
was supported, or the test piece broke and the head-form was not supported. In the event of fradture,
report if or hot the piece broke into fully separate large pieces.

Report the fpllowing numerical results:
— the perifod for which the resulting deceleration ayes exceedéd the value of 80 g continually;
— the gredtest value of the resulting deceleration ares;

— the HIC|value.

10 Ball test

10.1 227 g ball test

10.1.1 Principle

Determinatjon of whether_the" plastic safety glazing material has a certain minimum strengtl and
cohesion under impact frem/a small hard object at ambient and low temperatures.

10.1.2 Apparatus

10.1.2.1 Hardened steel ball, with a mass of 227 g + 2 g and a diameter of approximately 38 mm.

10.1.2.2 Means for dropping the ball freely from a height to be specified, or means for giving the ball a
velocity equivalent to that obtained by the free fall.

When a device to project the ball is used, the tolerance on velocity shall be +1 % of the velocity
equivalent to that obtained by the free fall.

10.1.2.3 Supporting fixture, such as that shown in Figure 6, composed of two steel frames with 15 mm
wide machined borders, fitting one over the other and faced with rubber gaskets about 3 mm thick and
15 mm wide, of hardness 50 IRHD, determined in accordance with ISO 48.

The lower frame rests on a steel box, about 150 mm high. The test specimen is held in place by the
upper frame, the mass of which is about 3 kg. The supporting frame is welded on a sheet of steel about
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12 mm thick, resting on the floor, with an interposed sheet of rubber, about 3 mm thick, of hardness 50
IRHD measured in accordance with ISO 48.

[
[/

[ ]

Dimensions in millimetres

23

11—

23

150

10 min

3
T~ K& _t

o 350 min \

12

Key
lest piece
flubber gasket
dheet of rubber

L

Figure 6 — Support for ball tests

10.1{3 Test specimens
Test specimens)shall be flat squares with 300 mm *}? mm sides.

10.1{4 "Procedure

Place a conditioned test specimen in the supporting fixture and conduct the impact test at once. To
minimize the temperature change of the test specimen, the test should take place as quickly as possible
(within 30 s of its removal from the conditioning appliance). The plane of the test specimen shall be
perpendicular, within 3°, to the incident direction of the ball. When necessary to retain the test
specimen in the fixture, it shall be clamped to ensure that the movement of the test specimen during
the test will not exceed 2 mm at any point along the inside periphery of the fixture.

The point of impact shall be within 25 mm of the geometric centre of the test specimen for a drop height
less than or equal to 6 m, and within 50 mm of the geometric centre of the test specimen for a drop
height greater than 6 m.

The ball shall strike the surface of the test specimen which represents the outside face of the plastic
safety glazing material when mounted on a vehicle and shall be allowed to make only one impact.
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10.1.5 Expression of results

Evaluate the strength, type, and extent of damage to the test specimen. Record the drop height, and
temperature for each test specimen and whether the test specimen supported or did not support the

227 gball.

10.2 2260

g ball test

10.2.1 Principle

Determinat

on of whether the plastic safety gla7ing material has a certain minimum penetr

ation

resistance u
10.2.2 App
10.2.2.1 H{

10.2.2.2 Mg
velocity equ

When a dey
equivalent t

10.2.2.3
10.2.3 Test{

Test specim

of a plastic {

10.2.4 Pro

nder impact from a large hard object at ambient and low temperature.

aratus

pans for dropping the ball freely from a height to be specified, or megans for giving the
jvalent to that obtained by the free fall.

rice to project the ball is used, the tolerance on velocity~shall be +1 % of the vel
p that obtained by the free fall.

Supporting fixture, such as that shown in Figure:6 and specified in 10.1.2.3.
[ specimens

bns shall be flat squares with 300 mm *}° mm sides or shall be cut out from the flattest

afety glazing material.

cedure

Place a condlitioned test specimen inthe supporting fixture and conduct the impact test at ong

minimize th
take place 3
plane of the
necessary t
of the test d
fixture.

The point of
test specimg

e temperature change ©f)test specimens conditioned at low temperature, the test s}
is quickly as possible(within 30 s of its removal from the conditioning appliance)
test specimen shall’be perpendicular, within 3°, to the incident direction of the ball. {

retain the test'specimen in the fixture, it shall be clamped to ensure that the move
pecimen during test will not exceed 2 mm at any point along the inside periphery @

impactfrom a specified drop height shall be within 25 mm of the geometric centre g
en for‘a drop height less than or equal to 6 m, and within 50 mm of the geometric cent

the test spe

rimen for a drop height greater than 6 m.

rdened steel ball, with a mass of 2 260 g + 20 g and a diameter of approimately 82 mm.

ball a

pcity

part

e. To
jould
The
Vhen
ment
f the

f the
re of

The ball shall strike the face of the test specimen which represents the inside face of the plastic safety
glazing material when mounted on the vehicle and shall be allowed to make only one impact.

10.2.5 Exp

ression of results

Evaluate the ability of the plastic safety glazing material to support the impacting ball for each velocity
and temperature. If the ball passes completely through a test specimen within 5 s after impact, the
result shall be recorded as a “non-support”. If the ball remains on top of a test specimen or wedged in a
hole, for 5 s or more, the result shall be recorded as a “support”. Record the drop height.

16 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=7a8acf9f6cfc62e471dc1999b0fce984

ISO 15082:2016(E)

11 Abrasion resistance test

11.1 Principle

Determination of whether the plastic safety glazing material has a certain minimum resistance to
abrasion at ambient temperature.

11.2 Abrasion resistance under dry conditions

11.2.

1 Apparatus

11.2
cons

q

1

q

1.1 Abrading instrument3), is shown diagrammatically in Figure 7 a) and Eiguj
sting of the following:

3 horizontal turntable and centre clamp which revolves counter-clockwise at a fix]
60 * 2 r/min or 72 * 2 r/min;

wo weighted parallel arms, each carrying a special abrasive wheelfre€ly rotating on a

lhorizontal spindle. Each wheel rests on the test specimen under¢thé pressure exerted

In th
follof

%500 g. The distance between the internal faces of the wheels shall be 52,4 mm * 1,0

‘e 7 b) and

ed speed of

ball bearing
by a mass of
mm and the

orizontal offset of a virtual line, which runs through both wheel axes, from the turntalle axis shall

e 19,05 mm * 0,30 mm (see, for example, Figure D.1);

vacuum suction system (not depicted in Figure 7)«and vacuum pick-up nozzle to re
nd abrasive particles from the specimen surface during testing. The height of the vac
ozzle shall be adjustable, and the nozzle openings shall have a diameter of 11 mm.

e case of a nominal nozzle opening equal to.8'mm, the nozzle openings shall be enlarg
ving the instructions shown in Annex B, or by installation of a replacement nozzle |

openjings.

The
devid

perij

The
ther

turntable of the abrading instrument shall rotate regularly, substantially in one
ition from this plane shall not be greater than 0,05 mm at a distance of 1,6 mm from t
hery).

wheels shall be placed évenly on the specimen in their full width. When they are in ¢
ptating test specimef, they rotate in contrary directions so as to exert a compressive §

action along curved lineS)over an annular area of about 30 cm2, twice during each rotatio

spec

Verif]
abra

men.

y calibration.of the abrading instrument as directed by the equipment manufacturer. F
ser, see Anhex D.

move debris
hlum pick-up

bd to 11 mm
wvith 11 mm

plane (the
he turntable

ontact with
ind abrasive

n of the test

br one Taber

3) A suitable abrading instrument is supplied by Taber Industries (USA). This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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N\ —.y

M

a) Diagram of abrading instrument

b) Diagrammatical(top view of abrading instrument

Figure 7 — Abrading instrument

11.2.1.2 ABrasive wheels*);

The abrasive wheels have a cylindrical shape and composed of a resilient binder and abrasive parficles
such as alurhinium oxide and silicon carbide particles. The abrasive particles shall have a particlg size
between 20jand 102wmicrons and uniform distribution throughout the resilient binder. Each wheel|shall
be moulded|to arhyb which includes an axial hole 16,0 mm #* 0,1 mm, allowing the wheels to be moynted
to the flange belder on the abraser arms. The sides of the wheel shall be parallel, and each wheel|shall
be 12,7 mm *=6; 3 mmmwide amdave amrextermat diameter of tess thamr 52; 5 mmmanmd imno case tess than
44,4 mm. If a different wheel has been used, which has been documented to produce equivalent results,
the description of the wheel shall be included with the results.

The abrasive wheel shall be such that the light scatter resulting from abrading (final haze minus initial
haze, see 11.6) of each of three AS 4000S>) hard-coated polycarbonate samples subjected to abrasion is

4) Such as Calibrase CS-10F wheels available from Taber Industries (USA) This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.

5) Hard-coating polysiloxane type AS4000S (AS4000 type coating adjusted to flow coating of large sheets) by
Momentive (Germany).
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within the qualification range® of 0 to 2,6 % after 100 cycles, 0,5 % to 6,3 % after 500 cycles and 1,0 to
7,4 % after 1 000 cycles.

The AS 4000S hard-coated polycarbonate samples shall be free of any inhomogeneity in the surface
when examined with a human eye and have a luminous transmittance of at least 70 % and a primer
coating thickness of 0,5 pm to 1,5 pm and topcoat coating thickness of 4,5 pm to 8,5 pm after thermal
curing for 30 min at 130 °C. The AS-4000S reference hard-coated samples shall be supplied with a
certificate of analysis of manufacturing quality for coating thicknesses, cure time and cure temperature.
An alternative reference hard-coated polycarbonate sample can be used, provided a correlation has
been developed against the standardized AS 4000S hard-coated polycarbonate reference samples. Any
proposed alternative hard coated polycarbonate sample shall meet the same qualification requirements

as th

The

refern
quali

The

samy
whed

test

11.2

The

wheg
ston{
quali
facto

11.2

e rererence AS 4UUUS hard-coated polycarbonate sample.

wheels are qualified if all measured haze values for the three AS 4000S hard-coated po
ence samples per cycles number, and for each of the three cycles numbers; are
fication ranges. Only if this requirement is fulfilled, the test will be proceededusing t}
average of the measured values for the three AS 4000S hard-coated({polycarbona
les per cycles number is used to calculate a correction factor per cycles number for
| pair (see 11.6). This correction factor is used to correct the measured values obt
ing a test specimen with this wheel pair.
1.3 Refacing stone.

ine side of a Taber ST-11 refacing stone (or equivalent) shall be used for resurfacing

Is. It is important that the turntable platform runs’true on the abraser and that

 lies flat on the turntable platform. In case a new@efacing stone is used during the “l
fied wheel pair a new qualification as describeduin 11.2.1.2 shall be performed, and th
r (see 11.6) shall be determined for that wheelpair again.

1.4 Hazemeter’), consisting of:

orresponding to the luminosity.response of the 1931 CIE Standard Colourimetric OH

1 % to the incident flux overthe range of flux used. The photometric stability for source i
hall be constant throughqut the test of each specimen.

\n integrating sphete-to collect transmitted flux; the sphere may be of any diameter a
otal port areas do.not exceed 4,0 % of the internal reflecting area of the sphere. The ¢
exit ports shalkbe centred on the same great circle of the sphere, and there shall be at 14
170°) of arc between centres. The exit port shall subtend an angle of 0,14 rad (8°) at t
he entrance port. With the light trap in position, without the specimen, the axis of th¢
eam shall pass through the centres of the entrance and exit ports. For a hazemeter,
hotokeell or photocells on the sphere 1,57 rad = 0,17 rad (90° £ 10°) from the entraj
dffle it from direct exposure to the entrance port. In the pivotable modification wherg

lycarbonate
within the
nese wheels.
e reference
exactly this
ained when

the abrasive
the refacing
ifetime” of a
e correction

A light source and a photodetectof;and the combination shall be filtered to provide an output

server with

[IE Standard [lluminant C or,alternatively, [lluminant A. The output shall be proportional to within

hnd detector

5 long as the
ntrance and
ast2,97 rad
he centre of
e irradiating
position the
ce port and
the interior

) p
shall be 0,140 rad * 0,008 rad (8,0° + 0,5°).

€ angle of rotation of the sphere

[lluminate the specimen by a substantially unidirectional beam; the maximum angle that any ray of this
beam may make with the beam axis shall not exceed 0,05 rad (3°). This beam shall not be vignette at
either port of the sphere.

6) The qualification ranges have widths of (4 x sr), where sR is the reproducibility standard deviation determined
in the round robin test (see Annex E) for each cycles number and the above mentioned factor represents the
probability of P = 95 %.

7) A suitable instrument for measuring haze is supplied by Byk-Gardner (USA). This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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When the specimen is placed against the entrance port of the integrating sphere, the angle between the
perpendicular to the specimen and a line connecting the centres of entrance and exit ports shall not
exceed 0,14 rad (8°).

An aperture or diaphragm shall be centrally inserted in the haze measuring apparatus to centre the
light beam on the abradant track and limit it to a diameter of 7 mm * 1 mm at the specimen.

When the reduced light is unobstructed by a specimen, its cross section at the exit port shall be
approximately circular, sharply defined, uniformly bright, and concentric within the exit port, leaving
an annulus of 0,023 rad + 0,002 rad (1,3° + 0,1°) subtended at the entrance port.

The surfacewmwmwmmm&m be
of equal reflectance, matte, and highly reflecting throughout the visible spectrum.

Alight trap ghall be provided that will absorb the beam completely when no specimen is présent, dr the
instrument design shall obviate the need for a light trap.

Forward scqttering glass standards can be used to check that the optical system of the hazemeter is
properly adjusted.

8

D
]

10

~
)
<

source
condenser

entrancg window
aperturel

lens

specimen

filter

photo detector

light trap (if used)
10 reflectance standard

O© 0 NN O U1 B W N -

Figure 8 — Hazemeter
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11.2.1.1 Specimen holder

A suitable holder shall be used to permit positioning the abraded specimen on the hazemeter so that the
light beam is centred in the abraded track and the specimen is flush at the measurement port.

Calibrate the hazemeter with the sample holder before the initial measurement of the haze with no
sample present and verify that the reading of the hazemeter is 0.

The whole apparatus shall be checked at regular intervals by means of calibration standards of
defined haze.

If haze measurements are made using equipment or methods differing from the above, the

be cd

11.3

Test
para

11.4

To e
abra
to ha
is sp
stong
stong

Lowyd
a thi
the v
suctil
the W

Aftel
loosd
mant
alay

New
or eq
folloy

The
(app!

results shall

rrected in order to be in agreement with those obtained by the apparatus described;a

Test specimens

specimens shall be flat squares with 100 mm sides having both surfaces\substantial
lel, and optionally with a 6,3 mm diameter fixing hole drilled in the certre.

Standardization of abrading wheels

hsure that the abrading function of the wheels is maintained at a constant level,
ling wheels prior to each test. Mount the wheels on their respective flange holders, taK
ndle them by their abrasive surfaces. Select the load to-bé&wused and affix it to the abras
ecified, use a load of 500 g (per wheel). Visually inspect the fine side of the Taber ST
e and only use it if no contaminations are visible. Mount the visually checked Taber S
 (or equivalent) on the turntable, fine side up, and'secure using the nut.

br the vacuum nozzle and adjust the height @ 1 mm above the refacing stone with a
ckness equal to 1 mm or a gage pin having a diameter equal to 1 mm. After setting {
acuum nozzle, ensure the rear vacuuntnozzle does not contact the refacing stone. Set
on force so that a residual pressure-0f13,7 kPa (137 millibar) or lower results. Lower
heels contact the surface of the ST-11 refacing stone. Reface the wheels for 25 cycles.

refacing, use a soft bristle,‘anti-static brush to lightly brush the wheel surfaces to
particulate matter. A brush'found suitable for this purpose is a soft-fibre, static-dissij
ifactured from an acrylic fibre (0,04 mm filament diameter) that has been chemically |
br of copper sulphide(to produce an electrical resistance of 3 - 5 x 10-4 ohms per centi

wheels or wheéls trued using a diamond tool refacer (such as Taber Diamond WH
(uivalent), shall firstly be broken in with 100 cycles on the fine side of the ST-11 re
ved by a teston the material to be evaluated (results to be discarded).

fine side of ST-11 refacing stone has a limited life and shall be replaced after 7|
foximately 300 refacings).

pove.

y plane and

prepare the
ing care not
er. If no load
-11 refacing
-11 refacing

gage having
he height of
the vacuum
the arms so

remove any
bative brush
bonded with
metre.

eel Refacer,
facing stone

500 cycles
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e main body

of the wheel wears down. To remove, gently rub the edge of the wheel using your gloved finger prior to
refacing. Avoid touching the running surface of the wheel.

The maximum allowed time between refacing and testing shall not exceed 2 min.

11.5 Procedure

The abrasion test shall be carried out on both inside and outside surfaces of the plastic safety glazing
material.

© IS0 2016 - All rights reserved 21


https://standardsiso.com/api/?name=7a8acf9f6cfc62e471dc1999b0fce984

ISO 15082:2016(E)

11.5.1 Cleaning

Before testing, remove any protective masking material from the specimen. If required, clean the
specimens using a practice recommended by the manufacturer, or if none is recommended, clean the
test specimens in the following manner.

a) Using an Isopropyl alcohol (IPA) soaked lint free cloth, gently wipe both surfaces of the specimen in
a linear motion to remove any remaining particulate. For those materials where IPA influences the
surface characteristics or does not yield a satisfactory result, use a cleaning solution of water with
a commercial (e.g. dish-washing) detergent added or a cleaning solution that is compatible with
the sample. First wipe the specimen vertically, then wipe the specimen horizontally, and as a final
cleaning

step-wipetheedges:
b)
c)

Inspecttoc

Rinse with distilled, deionized or demineralised water.

Dry by pressing lightly between two linen cloths, or blow dry with clean air or nitrogen:

bnfirm that there are no water spots or other residue before haze measurément.

Any treatment with ultra-sonic equipment shall be avoided.

After cleanipg, the test specimens shall be handled only by their edges and shall be stored to pré¢vent
damage to, ¢r contamination of, their surfaces. It is recommended that latex gloves be worn at all {imes
throughout fhis test.

11.5.2 Con(ditioning

Condition the test specimens for a minimum of 48 h at 23 €6+ 2 °C and (50 % 5) % relative humjdity,
unless otherwise specified. Begin testing within 5 minutesafter removal from conditioning.

When not ip use, the abrasive wheels shall be stored in the same conditions of temperaturd and
humidity.

11.5.3 Initjal haze measurement

Place the unabraded specimen in the hazemeter sample holder with the side to be abraded facing the
entrance port of the integrating sphere/ Measure the light scattered (initial haze) at a minimum of four

equally spag
piece. The a
not exceed §

hgle between the nermal to the surface of the test specimen and the axis of the beam
°. In lieu of the feurmeasurements, an average value may be obtained by rotating the

ed points along the track’in accordance with Formula (5). Average the results for each test

shall
biece

uniformly af 3 r/s or more{Take the four readings indicated in Table 3.

11.5.4 Abrasion

Mount the §pecinden on the abraser turntable platform with the side to be abraded facing up
specimen sH

allbe mounted at a 45° angle from the front of the machine (see Figure 9). Secure fising
the clamp p‘mhmmmmmmwﬂmmik—up

nozzle and adjust the height to 1 mm above the specimen with a gage having a thickness equal to 1 mm
or a gage pin having a diameter equal to 1 mm. After setting the height of the vacuum nozzle, ensure the
rear vacuum nozzle does not contact the specimen.

Set the vacuum suction force so that a residual pressure of 13,7 kPa (137 mbar) or lower results. Lower
the arms so the wheels (qualified with the AS 4000S hard-coated polycarbonate reference samples
according to 11.2.1.2) contact the surface of the test specimen. Set the counter to zero and programme
the appropriate number of cycles.
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Clean the test specimen-following the procedure described in 11.5.1.

Aftel
clear

11.5

Placd

Figure 9 — Sample mounted at 45°

ach safety glazing material, carry out three tests with theame load of 500 g, unles
fied.

the abraser and subject the specimen to abrasion fex*a selected number of cycles.
ces, subject the test piece to alternatively 100 cycles-or 500 cycles or 1 000 cycles (d
pecification of the material to be tested).

h were used to condition the test speciniens and abrasive wheels prior to the abrasion

5 After abrasion

the abrasion test is donej handle test pieces by their edges to prevent contamina
ces. Using a soft bristl€, anti-static brush, lightly brush off any debris adhered to th
bst specimen or alternatively rinse the test piece with distilled, deionized or deminer4

er or othersuitable means.

6 Final haze measurement

the abraded test piece in the hazemeter sample holder with the abraded side facing

hside surfaces, subject the test piece to 100 test cycles, using three new test specimeng.

s otherwise

For outside
bpending on

hbrasion test of safety glazing materialshall be carried out under the same conditi¢ns as those

test.

ion of their
e surface of
1lised water.

each test, inspect the vacuum nozzle for debris and clean as required by using a briyish, vacuum

he entrance

port of the integrating sphere. Measure the light scattered by the abraded track (final haze) at a
minimum of four equally spaced points along the track in accordance with Formula (5). If the abrasion
track is not homogeneous, up to 16 equally spaced points along the track may be measured. Average the
results for each test piece. The angle between the normal to the surface of the test piece and the axis
of the beam shall not exceed 8°. In lieu of the four measurements, an average value may be obtained by
rotating the piece uniformly at 3 r/s or more.

For all haze measurements, take the four readings indicated in Table 3.
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Table 3 — Transmittance readings for abrasion resistance test

. With test I With .
Reading . With light-trap reflectance Quantity represented
specimen
standard
T1 No No Yes Incident light
T2 Yes No Yes Total light transmitted by test
specimen
T3 No Yes No Light scattered by instrument
T4 Yes Yes No Light scattered by instrument and
test-specinen
Repeatreadjngs for 71, 72, 3 and 74 with additional specified positions of the test specimen todetermine
uniformity.
Calculate the total transmittance ¢ as follows:
T
T
Calculate the diffuse transmittance 74 as follows:
T2
T4 73 [_
"1
S V. @
1773
Calculate the percentage haze as follows:
T
haze = -+ x 100 (5)
T
t
11.6 Expression of results
Subtract th¢ average initial haze framythe average final haze, the difference representing the|light
scatter resufting from abrading the'test specimen also called A haze.
Furthermorg, the measured Ahaze value shall be corrected using a correction factor based on the yalue
for the referlence material tested with the same wheel pair.
Calculate th corrected.delta haze value according to Formula (6):
Ahaze () = Ahaze (r)x X (r) 6)
where
Ahaze. isthe corrected delta haze value of a test specimen at a certain cycles number, r;
Ahazep, isthe delta haze value obtained by subtracting measured initial haze from measured
final haze of the test specimen at a certain cycles number, r;
Xe(r) is the correction factor of the wheel pair used to test above mentioned test specimen at

the same cycles number, r.

The correction factor is determined twice during the life time of its wheel pair, at the beginning (at a
wheel diameter of approximately 52 mm) and after half of its life time (at a wheel diameter of 48 mm).
At the beginning, no additional measurement is necessary since the data of the wheel qualification can
be used to calculate the correction factor.

24
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If a new refacing stone is used during the “lifetime” of that wheel pair, the correction factor should be
determined once more, provided that wheel pair has passed a new qualification as described in 11.2.1.2
(see also 11.2.1.3).

Calculate the correction factor for a certain wheel pair according to Formula (7):

Ahaze  (r)

Xer)= Ahaze_ (r) ()

where

Ahazery is the delta haze reference value of the AS 4000S hard-coated polycarbonate refer-
ence sample at a certain cycles number.These fixed Ahazey (r) values for the"AS 4000S
hard-coated polycarbonate reference samples are the mean values per@yeles humber
obtained in the round robin test by those participating test labs which proved to use
qualified wheels according to 11.2.1.2 (see Annex E);

Ahaze,y is the actual delta haze value of the AS 4000S hard-coated pplycarbonate reference

samples at a certain cycles number. These values are the mean values per cycles number
actually determined for the respective wheel pair by testing three AS 4000S Hard-coated
polycarbonate samples per cycles number with this wheel pair.

The Feport shall indicate whether [lluminant A or [lluminant.\€C has been employed. Th¢ number of
abrasion cycles, the abraser load and the used correction fagtor shall also be reported.

11.7] Abrasion resistance under wet conditions.fcar wash test)

11.7}]1 Apparatus

The apparatus®) shall comprise at least the f6llowing individual components.

11.7{1.1 Washing brush.

Dianjeter (1000 £40) mm

Width 300 mm minimum

Matgrial polyethylene

Profile x-shaped, spliced

Brisffle thickiiess (0,8 +0,2) mm

Bristle léngth (440 £ 20) mm visible
Penefration depth (TO0 £ Z0) mm (see Figure 10)

Speed of brush rotation is (127 + 5) min-1; the rotating direction is opposite to direction of travel of test
panel holder.

As a result of their nature, polyethylene brushes are subject to constant change during use. The
scratching effect becomes more pronounced after long periods of use, all other conditions remaining
constant. Monitor the wear of the polyethylene brushes and replace if they have reached 30 operating
hours or earlier if necessary.

8) A suitable apparatus is supplied by Amtec-Kistler GmbH in Germany. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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11.7.1.2 Spray nozzles, made of stainless steel.

Spread of jet 65°
Water flow rate (2,2 +£0,1) 1/min at (300 = 50) kPa

The two nozzles shall spray alternately and against the direction of travel of the test panel holder. They
shall produce the specified spray pattern (see Annex C).

11.7.1.3 Test panel holder.

Feed speed (5+0,2) m/min

Pattern of mjovement If the brush is rotating clockwise, the right nozzle is spraying arnd the tpst
panel holder travels from the left side to right side (and vice versa), (se¢
Figure 10).

Dimensions in millimetres

Key

1 brush

2 spray nogzle

3 test pangl holdér

4  spray jet|{(horizontal middle of the jet strikes the brush 50 mm above table directly in the brush)
a

Penetration depth.
Figure 10 — Movement pattern of washing brush and nozzle

The test panel holder can carry four supporting plates each with a size of 150 mm x 300 mm leading to
an area of 2 mm x 150 mm in width to 2 mm x 300 mm in length on the test panel holder which will be
washed by the brush. Test specimen smaller than 150 mm x 300 mm can be fixed using double-faced
adhesive tape onto these supporting plates (see Figure 11).

26 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=7a8acf9f6cfc62e471dc1999b0fce984

ISO 15082:2016(E)

N

Key
tlest panel holder
dupporting plate (150 mm x 300 mm)

drea not used for testing (at least 30 mm edgewiseto the direction of travel of the test-panel hold¢r and at least
%0 mm at the start and finish of the test panel-holder)

7  Qgvailable position for test specimen to be.fixed to one of the supporting plates (test area)

Figure 11 — Bird'’s eye perspective of the test panel holder including test arga

11.7{2 Reagents

11.7{2.1 Washing suspénsion

Preppre a suspensien consisting of (1,5 + 0,05) g of silica powder (silica micro-powder haying a mean
particle size of 24 um)?) per litre of tap water in a suitable container, mixing it by stirring vigorously.
Unleps otherwise agreed, the water temperature shall be between 15 °C and 30 °C.

The puspension shall be stirred continuously during the test procedure in such a way that the silica
powdpr does not settle on the bottom of the container as this would result in variations in the

concentration.

NOTE The suspension can be reused once the test equipment has come to a standstill. However, it is essential
that the suspension is stirred thoroughly again before being reused.

11.7.3 Test specimens

Test specimen shall be flat and free of deformations. An appropriate size for the test specimen is
100 mm x 100 mm with the same thickness as the corresponding safety glazing part.

9) Such as Sikron SH200 from Quarzwerke GmbH in Germany. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of the product named. Equivalent
products may be used if they can be shown to lead to the same results.
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11.7.4 Procedure

The abrasion test shall be carried out at room temperature and only on the outside surface of the plastic
safety glazing material.

Determine the initial haze of the safety glazing material as described in 11.5.4.

Monitor the total amount of operating hours in use for the polyethylene brush and replace the brush as
soon as 30 operating hours are reached or earlier if necessary. 30 h equates around 300 test runs since
one test takes around 6 min. The amount of operating hours should be reported with the haze increase
result of the test specimen.

Do the instrjument calibration as described in Annex C on a regular basis. Furthermore, perfornta trial
run without a test panel, carrying out 10 washing operations (10 double passes) before starting a test
sequence, td distribute the suspension evenly in the apparatus.

An area of af least 50 mm at the start and finish of the test panel holder and of at least3@°mm edgdwise
to the direction of travel of the test panel holder may not be used as testing area for‘the test specimen.
Position thq test specimen with the outside surface face up on the test jig (in-ease of test specimen
smaller thap 150 mm x 300mm they can be fixed by using a double-faced adhesive tape onto ope of
the supportiing plates which can be positioned on the test jig) and carry gut 10 washing operations
(10 double passes) unless specified otherwise, using the to-and-fro pattern of movement shown in

Figure 10.

Rinse the wjashed test specimen with cold water, then clean it with*a suitable solvent, e.g. Isopropyl
alcohol (IP4), using soft, non-scratching paper tissues and wiping in the direction of the scratches.
Finally, leavle for 10 min to dry off. This process is designed®o remove all residues of silica poyder,
and any fibrles from the brush. In case of any inhomogeneous surface appearance of the test specimen
repeat this ¢leaning process to ensure complete removal.éf'any residue.

After drying, take the final readings of haze as described in 11.5.6 of the test specimens acrosf the
direction of[scratching.

If the test equipment is not to be used for sopretime (more than 8 h), it is recommended that it be rinsed
thoroughly, particularly the brushes, with tap water.

11.7.5 Expression of results

Subtract th¢ average initial hazefrom the average final haze, the difference representing the|light
scatter resuflting from washingthe test specimen also called Ahaze. The report shall indicate whether
[lluminant 4 or lluminant€-has been employed. The number of washing operations (double palsses)
shall also bq reported.

12 Cross-cut test

12.1 Principle

Determination of whether the coating of a coated plastic safety glazing material has a certain minimum
adhesion to the subsurface at ambient temperature.

12.2 Apparatus

Cutting tool consisting of an array of six cutting edges (blades) at a distance of 1 mm to one another,
framed by two guide edges (see Figure 12).

Magnifying glass with a magnification of two times to examine the cross-cut specimen.
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0,05

30°=1°

q)

16 c

Key
a utting edges.

b Direction of cut.

¢ Itis essential that the guide edges and the cutting edges lie on the same diameter.

Figyre 12 — Cutting tool with eightedges (blades) of identical shape: Six cutting edges and two
(outer) guidé.edges, shown in detail eight times magnified

12.3 Test specimens

The test specimens.may be of any given shape, flat or curved, but large enough in order to apply the
grid{cut pattern agcording to 12.4.

The gross-cuttest may optionally be carried out on test specimens exposed to simulated| weathering
condiitions aceording to Clause 14.

12.4f Procedure

Cut through the coating on to the subsurface a pattern of six parallel cuts; then cut another such pattern
perpendicularly to the first pattern so that a grid of 25 squares arises (grid cut).

NOTE The cuts produced by the two guide edges are not part of the grid area to be evaluated but only a
result of correct tool handling.

The cutting tool shall be drawn steadily with a speed of 2 cm/s to 5 cm/s so that the cuts reach the
subsurface but do not penetrate too deeply. The cutting is conducted in such a way that the two guide
edges touch the surface of the test specimen uniformly.

After the cuts have been produced they are brushed five times with slight pressure in both diagonal
directions using a hand brush with polyamide bristles. The cuts are examined with a magnifying glass
in order to check that they reach the subsurface.
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The test is carried out at least at two different positions on the specimen.

12.5 Expression of results

The grid cuts are examined by means of the magnifying glass. If the cuts are perfectly smooth and if no
part of the coating is detached, the test result is expressed as a cross-cut value of GtO0.

If there are small fragments of the coating detached at the intersections of the cuts and if the exposed
area amounts to about 5 % of the total grid area, the cross-cut value is Gt1. Larger areas of detachment
are graded in the range Gt2 to Gt5 according to Table4.

Table 4 — Definition of cross-cut values

Cross-cut value . Exposed area

(in percent of grid area)
GtO none (0 %)
Gtl between 0 % and 5 %
Gt2 between 5 % and 15 %
Gt3 between 15 % and 35 %
Gt4 between 35 %.and 65 %
Gt5 higher thai' 65 %

13 Chemical resistance test

13.1 Prindiple

This test method evaluates the resistance of plastic safety glazing materials to various solventg and
cleaners at gmbient temperature.

13.2 Chemical agents
1 % solution by weight of a non-abrasive soap in deionised water (i.e. potassium oleate or equivalent).
Gasoline or gquivalent reference(fuiel composition, i.e. ASTM Reference Fuel C.

ASTM Reference Fuel C is(eomposed of Isooctane 50 volume percentage and Toluene 50 volume
percentage.|lsooctane shall conform to A 2.7 in Annex 2 of the Motor Fuels Section of the 1985 Annual
Book of ASTM StandardsVol. 05.04 and Toluene shall conform to ASTM specification D362-84, Standard
Specification for Ind@strial Grade Toluene.

Kerosene, Np. K¢1\or K-2 (as defined by ASTM D3699-92 Standard Definitions for Kerosene, JIS K-2203)
or equivalent(

Denatured alcohol, one part 100 % methyl alcohol to 10 parts 95 % ethyl alcohol by volume.

Commercial windshield cleaner, An aqueous solution of isopropanol and glycol ether solvents in
concentration no greater than 10 % or less than 5 % by weight each and ammonium hydroxide no
greater than 5 % or less than 1 % by weight each, simulating typical commercial windshield cleaner.

13.3 Test specimens

Test specimens shall be flat, 25 mm wide x 180 mm long.
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13.4 Test procedure

The test specimen shall be simply supported as a horizontal lever arm between a fixed supporting edge
at one end in such a way that the entire width will rest on a cutting edge (fulcrum) which is 51 mm from
the fixed end support. A load shall be suspended from the free end of the test specimen at a distance of
102 mm from the fulcrum as shown in Figure 13.

Dimensions in millimetres

51 102
7/ 3
d
N
1
Key
1 :lijxed end
2 lcrum point
3  dpecimen
4  lpad
5 plate thickness

Figure 13 — Method ofsetting up the test specimen

The load mass shall be 28,7 t2 g where\tis the thickness in millimetres of the test specimen. The
resulting stress on the outer fibre of the'test specimen is approximately 6,9 MPa.

EXANPLE For a 3 mm thick test specimen placed horizontally between a downward fixed|edge and an
upwdgrd fulcrum edge separated by-51 mm, the applied downward load at 102 mm from the fulcrum |s to be 258 g.

While the test specimen is-stressed, one of the prescribed chemicals shall be applied to thq top surface
of the test specimen above’the fulcrum point. The chemical shall be applied with a soft, 13 mm wide
brush, wetted beforeeach stroke. Ten individual strokes at 1 s intervals across the width of the test
specimen, avoiding‘the end and edges, shall be required (see Figure 14).
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Dimensions in millimetres

Key
1  directior of application
2 fulcrum point

3 fixed end

Figure 14 — Method of applying chemicals to the testspecimen

One minute[after the last stroke, the test specimen shall be wiped dfy with clean absorbent cotton and
immediately examined visually for any change in physical appearanee while in the stressed state.

13.5 Expression of results

Identify each of the chemical agents used by recordingthe actual composition or standard refefence
material. Examine each of the test specimens tested and note any evidence of surface defects, tackiness,
crazing, cragks or loss of transparency. For each of‘the chemical agents used, record the number of test
specimens tested.

14 Resistance to simulated weathering test

14.1 Pringiple

Determinatjon of whether plastic safety glazing materials will successfully withstand exposufe to
simulated weathering conditions.

14.2 Exposure apparatus

14.2.1 Lonlg arc xenon lamp

The exposure apparatus!?) shall use a long arc xenon lamp as the source of irradiation, which shall
comply with relative spectral irradiance in ISO 4892-2:2013, 4.1.2, method A (artificial weathering).

The long arc xenon lamp is advantageous in that it can, when correctly filtered and maintained, yield
a spectrum closely approximating that of natural sunlight. To this end, the quartz xenon burner tube
shall be fitted with suitable borosilicate glass optical filter(s)11). The xenon lamps employed shall be

10) Suchas Atlas Ci Series and Xenotest Series Alpha or Beta, or Suga X Series. These are tradenames. This information
is given for the convenience of users of this International Standard and does not constitute an endorsement by ISO
of the product named. Equivalent products may be used if they can be shown to lead to the same results.

11) Borosilicate glass filters such as Atlas Xenochrome 300 and Suga Quartz #275/#295 have been found satisfactory.
These are tradenames. This information is given for the convenience of users of this International Standard and does
not constitute an endorsement by ISO of the product named. Equivalent products may be used if they can be shown
to lead to the same results.
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operated, from a suitable 50 Hz or 60 Hz power supply, through suitable reactance transformers and
electrical equipment.

14.2.2 Measurements

The exposure apparatus shall include equipment necessary for measuring and/or controlling the
following:

a) irradiance;

b) black standard temperature;

c) vater spray;
d) ¢perating schedule or cycle.

The exposure apparatus shall be made from inert materials, which do notccontaminate the water
employed in the test.

Irradiance shall be measured at the test specimen surface and shall be_controlled according to the
recommendation of the exposure apparatus manufacturer.

Total ultraviolet radiant exposure, in joules per square metre, shall be measured or computed and shall
be cqnsidered the primary measure of test specimen exposure;

NOTH Total ultraviolet is considered to be all radiation of wavelength less than 400 nm.

14.3 Test specimens

The ¢dlimensions of the test specimens shall nornially be those specified in the appropriate [test method
for the property or properties to be measured after exposure.

The number of control and test specimens for each test condition or exposure stage shall be determined,
in addition to those required for visual'evaluations specified in 14.5, by the number required by the test
metHods.

It is fecommended that visual gvaluations be conducted on the largest test specimens tested.

14..4 Procedure

Meagure in accordance with the ISO 3538, the luminous transmission of the test specimens to be
expolsed. Measuré€iyaccordance with the abrasion resistance test specified in Clause 11, the resistance
to abrasion of both faces of the control specimens.

That|face ef'each test specimen which would represent the surface mounted to the outside df the vehicle
shall|face the lamp.

NOTE [t is not necessary to condition test specimens prior to exposure in this test as the test itself includes
special conditions.

Other exposure conditions shall be as follows.

In accordance with ISO 4892-2, the irradiance shall not vary more than +10 % over the whole test
specimen area.

At appropriate intervals, clean lamp filters by washing with detergent and water. Xenon arc filters shall
be replaced according to the recommendations of the equipment manufacturer.
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14.4.1 Temperature

Within the exposure apparatus during the dry portion of the cycle, the temperature shall be controlled
by circulation of sufficient air to maintain a constant black standard temperature.

This temperature shall be 70 °C + 3 °C [as indicated by a Black Standard Thermometer!?) or equivalent].
The thermometer is preferably mounted on a support for a test panel in such a way that it receives
the same radiation and cooling conditions as a flat test panel surface on the same support. It may also
be located at a fixed distance position different from the test specimen distance and calibrated for
temperature at the test specimen distance.

14.4.2 Relftive humidity

Within the ¢xposure apparatus, the relative humidity shall be controlled at (50 * 5) % during the dry
portions of the cycle.

The deionizZed water used in the spray cycle shall contain less than 1 pg/ml silicon dioxide golids
and shall lepve no permanent deposit or residue on the test specimens which would interfere |with
subsequent measurements.

12) The Black Standard Thermometer (BST) is defined in ISO 4892-1.
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14.4.3 Water

a) The pH of the water shall be between 6,0 and 8,0 and the conductivity shall be less than 5 pS.

b) The temperature of the water in the line where it enters the exposure apparatus shall be the

ambient water temperature.

The water shall strike the test specimens in the form of a fine spray in sufficient volume to wet the test
specimens uniformly, immediately upon impact.

Water spray will be directed only against the test specimen surfaces facing the light source. No
recirculation of the spray water or immersion of the test specimens in the water shall be permitted.

The

Allp
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expo
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free

The

cyclg
spec

14.5

Afte

fest specimens shall be rotated about the arc in order to provide uniform distribution
bsitions in the exposure apparatus shall be filled with test specimens or surrogates to
form temperature distribution is maintained. Test specimens shall be held dn frameg
sed to the cabinet environment. However, reflections from cabinet walls~shall not b
Fike the back surface of test specimens. If necessary, test specimens may be backed t
ctions; the backing shall not be in direct contact with the test specimen’and shall not

Circulation of air at the test specimen surface.

g¢xposure apparatus shall be operated to provide continuous lightand intermittent watef
s. Each 2 h cycle, in accordance with ISO 4892-2, shall be divided into periods during w

mens are exposed to light without water spray for 102 min‘and to light with water spra

Evaluation

[ exposure, the test specimens may be cleaned,if necessary, by a practice recommen

manfifacturer to remove any residues present.

Evalfiate the exposed test specimens visually-with respect to the following properties:

a) Iubbles;

b) ¢olour!3d);

) aze;

d) Ioticeable decomposition.

Meagure on separate_test specimens, in accordance with the abrasion resistance test,
Clauge 11, the resistance to abrasion of the exposed test specimens on both sides, and in
with|ISO 3538 theduminous transmission of one of the test specimens.

14.6

Repd

Expression of results

rtvisual evaluations of exposed test specimens, comparing the appearance of each wit

of the light.
ensure that
with backs

e permitted
b block such
impede the

sprayin2h
hich the test
7 for 18 min.

Hed by their

specified in
accordance

h that of the

unexposed control specimens. If colour 1s measured instrumentally, compute the colour change.

Report the changes in luminous transmittance and the changes in resistance to abrasion, comparing
results of tests on exposed test specimens with results of tests on unexposed control specimens. Note

whe

ther the side tested was facing toward or away from the lamp.

14.7 Report of test parameters

Report the following:

a)

apparatus manufacturer;

13) Colour change can be evaluated optionally by a method given in CIE 15.2.
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