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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document outlines the test method to evaluate properties of electro-switchable glazing during the
switching period and under stable states of luminous transmittance.

There are various principles of electro-switchable glazing that can be used to produce safety glazing for
road vehicles. See Annex A for a description of these principles. The luminous transmittance states that
the electro-switchable glazing can be switched to and the time it takes to switch between these states are
major concerns for consumers and the market. The lifetime of these different electro-switchable glazing is
influenced by humidity, temperature and radiation. The various principles differ in terms of performance,
but they can be improved applying appropriate voltage or current or applying more complex circuits.
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Road vehicles — Safety glazing materials — Test methods for
electro-switchable glazing

1 Scope

This document provides the test methods for regular luminous transmittance, switching time, haze,

insulation
and radiat

This docun

2 Norm

The follow
requireme
the latest ¢

1SO 3538:1
1SO 4892-2
1SO 6469-3
ISO/CIE 11

ISO 13837
transmitta

[SO 14782:

3 Term
For the pui
ISO and IE
ISO On

IEC El¢

3.1

electro-swi

on durability for electro-switchable glazing used on road vehicles.

nent applies to switchable glazing in response to applied voltage or current.

ative references

ng documents are referred to in the text in such a way that some oraajlof their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments)-applies.

D97, Road vehicles — Safety glazing materials — Test methods for optical properties
:2013, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc la
:2021, Electrically propelled road vehicles — Safetyspecifications — Part 3: Electrical sq
b64-6, Colorimetry — Part 6: CIEDE2000 colaur-difference formula

:2021, Road vehicles — Safety glazing) materials — Method for the determinatid
nce

2021, Plastics — Determination of haze for transparent materials

s and definitions
poses of this document, the following terms and definitions apply.
[ maintain terminoelogy databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

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

hing cycles

ronstitutes
references,

mps

fety

n of solar

2]

glazing comprised of one or more panes of material whose transmittance properties can be altered in
response to an applied voltage or current

3.2

highest transmittance state
stable state as glazing switched to highest regular luminous transmittance (3.4) under specific conditions

Note 1 to en

try: This is also referred to as the clear state or bleached state.

© IS0 2025 - All rights reserved
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lowest transmittance state
stable state as glazing switched to lowest regular luminous transmittance (3.4) under specific conditions

Note 1 to entry: This is also referred to as the tinted state, dark state, or coloured state.

3.4

regular luminous transmittance
light transmittance from 380 nm to 780 nm measured perpendicularly to the glazing without considering
diffused light

3.5

tinting time

period of
transmitta

3.6

switching
electro-swi
transmitta

. ] L4 - - £ - - L0
electroswitchubte gtuzing (31 —switchimg—fromr tfughest —tramsmittance—state{32)
hce state (3.3)

cycle

hce state (3.3) and back to lowest/highest transmittance state with each\process finis}

4 Test methods

4.1 Aml

Unless oth

a)

b) atmosj

9

ambie]

relativ

4.2 Regi

)ient conditions

brwise specified, the tests shall be conducted under thefollowing conditions:
it temperature: (23 £ 5) °C;

bheric pressure: 8,06 x 104 Pa to 1,06 x 105 Pa{860 mbar to 1 060 mbar);

e humidity:(60 = 20) %.

1lar luminous transmittance

4.2.1 Purpose of test

The purpo
different ti

e of this test is to determine regular luminous transmittance of electro-switchablg
ansmittance states.

4.2.2 Apparatus

4.2.2.1 (
(DUT) to a
same as fin

ontrol system, which shall be provided by the manufacturers for switching the device

ished‘product.

to lowest

tchable glazing (3.1) switched from lowest/highest transmittance state.(3.2) to highest/lowest

led once

glazing in

under test

differént state. The control system and parameters shall be pre-set to make the specimen switch

4.2.2.2 Regular luminous transmittance measuring system, which is described in ISO 3538:1997, 5.1.2.

4.2.3 Measuring state

The regular luminous transmittance of any state that the glazing can be switched to, may be measured.

4.2.4 Device under test

One specimen or finished product may be used as the DUT.

© IS0 2025 - All rights reserved
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4.2.5 Procedure

Before measuring regular luminous transmittance, switch the DUT for at least five cycles.

Then, switch the whole DUT to required state and keep it in that state for about 5 min. Measure regular

luminous t

ransmittance of the DUT according to ISO 3538:1997, 5.1.3.

4.2.6 Expression of results

Record the regular luminous transmittance and the corresponding state of DUT. The value shall be rounded

to 0,1 %.

4.3 Swifl‘hing time

4.3.1 Purpose of test

The purpo
glazing.

4.3.2 Apparatus

4.3.2.1 S
1 s or shor
or other re

43.2.2 (@
state. The
product.

4.3.3 De

One specif
specimen

434 Pr

4.34.1 U
550 nm + §

4.3.4.2 K
state. Reco|
reaches thg
10 s if the

tinting tim

se of this test is to determine the switching time between different states®{-électro-

pectrophotometer, which has the time drive function and whose time interval can be §
fer. An equivalent photometer can be used, but the light output shall be filtered to 550
quired wavelengths, and the measurements shall be recérdéd per second or shorter.

ontrol system, which shall be provided by the manufacturers for switching the DUT to
control system and parameters shall be pre-set®o make the specimen switch same

vice under test

nen or finished product may be used as the DUT. When a specimen is used, the sH
hall be able to cover a square whose sides are 290 mm in length.

bcedure

nm or other requiréd wavelengths when measuring switching time.

eep the whale-DUT in the bleached state for at least 5 min. Then, switch the DUT tg
rd light tranSmittance at 550 nm + 5 nm during the whole switching period. When the
e tinted stdte, record for at least 30 s if the switching time is more than 10 s, or record
bwitching time is less than 10 s. See Figure 1 for an example of electro-switchable gla

switchable

witched to
nm * 5 nm

a different
hs finished

ape of the

se the time drive (furiction of the spectrophotometer to measure light transnpittance at

the tinted
entire DUT
for at least
ring with a

eof more than 10 s. See Figure 2 for an example of electro-switchable glazing with a t

10 <

inting time

of less thar

LU O,

4.3.4.3 Keep the whole DUT at the tinted state for at least 5 min. Then, switch the DUT from the tinted
state to the bleached state, record the data same as 4.3.4.2.

4.3.4.4 The moment the tinted or bleached state is reached shall be defined between the customer and
manufacturer. The following are two example methods for defining the moment the tinted or bleached state
is reached:

a) for a switching time of more than 10 s: when variation in light transmittance at 550 nm * 5 nm in the
next 10 s is smaller than 0,1 %;

© IS0 2025 - All rights reserved
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b) for a switching time of less than 10 s: when variation in light transmittance at 550 nm * 5 nm in the next
1 s is smaller than 0,1 %.

Y
70

60

50 \
40

26 \
10
’ X
0 20 40 60 80 100
AN AN
2 5
Key
X time[{] 3 tinted state
Y 550 nn light transmittance [%] 4 switching stapt, moment
1 bleached state 5  switching sfop moment
2 tintingftime
Figure 1 — Example for tinting&ime more than 10 s
K 1 2 3
[ [ [
60
’ \\
30
N
20 \\
10 \x
0
0,5 1 N 15 2 2,5 ~_ 3 35 X
4 5
Key
X time[s] 3 tinted state
Y 550 nm light transmittance [%] 4  switching start moment
1  bleached state 5  switching stop moment
2 tinting time

Figure 2 — Example for tinting time less than 10 s

© IS0 2025 - All rights reserved
4


https://standardsiso.com/api/?name=4ff4a0aa10892c083c007882ff01ea0a

ISO 11983:2025(en)

4.3.5 Expression of results

Record the time between the moment the switching started and the moment the tinted or bleached state is
reached.

The value shall be rounded to 1 s when the switching time is more than 10 s and rounded to 0,1 s when the
switching time is less than 10 s.

4.4 Haze

4.4.1 Purpose of test

The purpgse—s different

transmitta

4.4.2 Apparatus

4.4.2.1 (ontrol system, which shall be provided by the manufacturers for switching the devicq under test
(DUT) to a|different state. The control system and parameters shall be pre-set te,make the specigen switch
same as finished product.

4.4.2.2 Haze meter, as described in ISO 14782:2021, Clause 5.

4.4.3 Me¢asuring state

The haze df any state that the glazing can be switched to, may be measured. The parameters for switching
glazing to any transmittance state shall be provided by matufacturer.

4.4.4 Device under test

One specimpen or finished product may be used“as the DUT. When a specimen is used, the shape of the
specimen ghall be able to cover a square whose sides are 290 mm in length.

4.4.5 Procedure
Before megsuring haze, switch the-DUT for at least five cycles.

Then, switth the whole DUT te'required state and keep the DUT at that state for about 5 min. Measure the
haze of the DUT according te[SO 14782:2021, Clause 8.

4.4.6 Expression of reésults

Record haze and the'Corresponding state of the DUT. The value shall be rounded to 0,1 %.

4.5 Insulation resistance

4.5.1 Purpose of test

The purpose of this test is to determine whether electro-switchable glazing can withstand the effects of
high voltage. This test only applies to a product that connects to the circuit conforming to Class B and the
corresponding requirements defined in ISO 6469-3:2021, Clause 4.

4.5.2 Apparatus

Withstanding voltage tester, with at least output voltage 500 V.

© IS0 2025 - All rights reserved
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4.5.3 Device under test

One specimen or finished product may be used as the DUT.
4.54 Procedure

4.5.4.1 Dry weather
Place the DUT at ambient temperature, i.e. (20 + 5) °C, and at a relative humidity of (60 + 10) % for 24 h.

Use tin foil to cover the edge of the DUT. Use a finger, apply a force of at least 5 N to smooth the tin foil to
ensure it has close contact with the edge of the DUT.

Short circyit the two electrodes of the DUT and then connect these two electrodes to the positive electrode
of the voltdge tester.

Touch the tin foil to the negative electrode of the voltage tester.
Adjust the poltage tester to 500 V. Keep this voltage for 2 min and measure the insulation resistafce.
The circuit/loop of this test is shown in Figure 3 a).

After meaduring the insulation resistance, touch the electrodes of the DUT‘to the tin foil on the glazing edge
to discharge the DUT.

2

4

. A

_?_._ o _._t_

X BZ /
~

\68

a) Insulation resistance test under dry weather

© IS0 2025 - All rights reserved
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1

withst
positivi
condud
negativ
two ele

> U1 oA W N R

-A section|

4542 1

Put the DU
immersed

Short circu
Put the neg
Adjust the
The circuit

After meas

455 Ex

b) Insulation resistance test under damp weather

nding voltage tester 6 tin foil

P electrode 7  edge of glazing

ting wires 8 DUT

e electrode 9 interlayer of the DUT
ctrodes of DUT 10 water

view

Figure 3 — Insulation resistance test

pamp weather

T in water with a resistance lower than 35 Q-m and at (22 * 3) °C. Make sure the w}
n the water, but that the metal paitiof the conducting wire is not in direct contact with

it the two electrodes of the DUT and then connect them to the positive electrode of the vol

ative electrode of the voltage tester in the water.
voltage tester to 500(V)Keep this voltage for 2 min, then measure the insulation resist
loop of this test'is)shown on Figure 3 b).

uring the insulation resistance, connect the electrodes of DUT to the water to discharg

pression of results

Record the

10le DUT is
the water.

tage tester.

Hnce.

re the DUT.

inSulation resistance of the DUT.

4.6 Humidity resistance

4.6.1 Pu

rpose of test

The purpose of this test is to determine whether electro-switchable glazing can withstand the effects of
high humidity for two weeks.

© IS0 2025 - All rights reserved
7


https://standardsiso.com/api/?name=4ff4a0aa10892c083c007882ff01ea0a

ISO 11983:2025(en)

4.6.2 Apparatus

4.6.2.1 High humidity chamber, which can maintain temperature at 50 °C £ 2 °C and relative humidity
at (95 = 4) % for at least two weeks. Precautions shall be taken to prevent condensation dripping from the
walls and ceiling of the test chamber on the test specimens.

4.6.2.2 Regular luminous transmittance measuring system, which is described in ISO 3538:1997, 5.1.2.

4.6.2.3 Control system, which shall be provided by the manufacturers for switching the DUT to a
different state. The control system and parameters shall be pre-set to make the specimen switch same as
finished product. The control system shall be able to cyclically switch the DUT from one transmittance state

to another.

4.6.3 De

One specimen or finished product may be used as the DUT. When a specimen is used, the effectivg

area of the

4.6.4 Pr

Measure th
lowest trat

Place the D
Connect th

Maintain t
Meanwhile

transmittance states. If the DUT’s switching time of half cycle is less than 30 s, after the DUT is s

the lowest

highest state to make the half cycle last at least30s. The half cycle is the time it takes for the DU

from the Ig
If several [
After two ¥
Measure th

Switch the

4.6.5 Ex
Record any

Calculate t

vice under test

specimen shall be able to cover a square whose sides are 290 mm in length’

bcedure

e initial regular luminous transmittance of the DUT (at least the highest transmittand
ismittance state) in accordance with 4.2.

UT into the high humidity chamber.
e DUT to the switching control system.

he temperature at 50 °C £ 2 °C and relative humidity at (95 = 4) % in the chamber for {
, use the switching control system to cyclically’switch the DUT between the lowest and

highest transmittance state, adjust thecswitching control system to keep the DUT at

west transmittance state to the highest, or from the highest transmittance state to the
UTs are tested at the same time, adequate spacing shall be provided between the DUT]
veeks, take the DUT out.of the chamber. Place the DUT at ambient temperature for at I4
e regular luminous transmittance at the initial states.

DUT for at leastfive cycles to check any detectable defects.

pression ofresults
r visually detectable defects.

hedifference between the measurements of regular luminous transmittance at the sarj

e switching

e state and

wo weeks.
the highest
witched to
he lowest/
I to switch
e lowest.

5.

ast4 h.

ne states of

the DUT before and after the period of high humidity.

4.7 Low

471 Pu

temperature resistance

rpose of test

The purpose of this test is to determine whether electro-switchable glazing can withstand low temperatures

for at least

4h.

© IS0 2025 - All rights reserved
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4.7.2 Apparatus
4.7.2.1 Low temperature chamber, which can reach -20 °C with stability *2 °C.
4.7.2.2 Regular luminous transmittance measuring system, which is described in ISO 3538:1997, 5.1.2.

4.7.2.3 Control system, which shall be provided by the manufacturers for switching the DUT to a different
state. The control system and parameters shall be pre-set to make the specimen switch same as finished
product.

4.7.3 Device under test

One specinllen or finished product may be used as the DUT. When a specimen is used, the effectivg switching
area of the|specimen shall be able to cover a square whose sides are 290 mm in length.

4.7.4 Prpcedure

Measure the initial regular luminous transmittance of the DUT (at least the highesttransmittande state and
lowest traismittance state) in accordance with 4.2.

Place the DDUT into the low temperature chamber and cool the DUT to (-20 * 2) °C. Keep the tgmperature
stable for gt least 24 h.

Take the DT out of the chamber. Place the DUT at ambient temperature for at least 4 h.
Measure the regular luminous transmittance at the same states:as the initial measurements.

Switch theltested DUT for at least five cycles to check any détectable defects.

4.7.5 Expression of results
Record any visually detectable defects.

Calculate the difference between the measurements of regular luminous transmittance at the same states of
the DUT bdfore and after cooling.

4.8 Coldur uniformity

4.8.1 Purpose of test

The purpose of this tesf\is to determine whether the colour of electro-switchable glazing is pniform at
different states.

4.8.2 Apparatus

4821 [§ i+ lhai 'y 1 3 'y +la 1 £ 4+l 4 la ot i Lllb 1
Ouks IJPCTULLI UPIIUTUIIITITT Ul CUIUT IIITLCT, UIT S54dlllplIt SpdiltT Ul LT SPTLLT UPITULUIIITLTT Slid e arge

enough to measure any point of a 300 mm square glazing. The colorimeter shall be portable.

4.8.2.2 Control system, which shall be provided by the manufacturers for switching the DUT to a different
state. The control system and parameters shall be pre-set to make the specimen switch same as finished
product. Five control systems to control five DUTs individually or one control system to control all five DUTs
shall be provided.

4.8.3 Device under test

Five specimens or finished products may be used as DUTs. When a specimen is used, the effective switching
area of the specimen shall be able to cover a square whose sides are 290 mm in length.

© IS0 2025 - All rights reserved
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4.8.4 Measuring state

The colour

uniformity of at least the highest and lowest transmittance states shall be measured.

4.8.5 Procedure

4.8.5.1 Reflectance colour difference for single panel

Switch the

DUTs to required state and keep for at least 5 min.

Select one panel randomly from the five DUTs. Measure the reflectance colorimetry (CIE 1976 L*, a* b*
colour space) according to ISO 13837:2021, 5.3.8 at five points as shown in Figure 4. Test three points at

least 100

m awav from each other if these five points cannot be easilv tested orifthe DUT is t

o small to

get these f
the differe

Calculatet
to ISO/CIE

4.8.5.2 H
Switch DU
Measure th

Calculate
between th

When X > }
the DUT w

Calculate t

4853 1

If the tran
4.8.5.1 and|

ve points. If it is still not possible to choose three points from the DUT, it is not necés;
hce in colour of a single panel.

he reflectance colour difference between the central point (point 5) and the other point
11664-6.

eflectance colour difference for batch
['s to required state and keep for at least 5 min.
e reflectance colorimetry (CIE 1976 L* a*, b* colour space) ata-Central point (point 5) of th

he difference between the maximum and minimum ¥alues of a* as X. Calculate the|
e maximum and minimum values of b* as Y.

[ select the DUT with the maximum or minimum'@* value as the reference DUT. When }
th the maximum or minimum b* value as the reference DUT.

he reflectance colour difference between the reference DUT and the other four DUTs.

'ransmittance colour difference

smittance colour difference is required, measure the transmittance colour differe
4.8.5.2. If it is not possible teimeasure the transmittance colour at these points, the cu

the manuf

4.8.6 Ex

The maxin
difference.

The maxin{

The value

icturer shall decide on the. alternative measuring points.

pression of results

hum value of<the’ colour difference on one DUT shall be considered the single p4
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4.9 Swifiching cycles

4.9.1 Purpose of test

Figure 4 — Measuring points

The purpose of this test is to determine whether electro-switchable glazing will perform well after switching

for required cycles.

4.9.2 Apparatus

49.2.1 High and lowtemperature chamber, which can maintain -20 °C and 85 °C with stabiljity +2 °C.

49.2.2 Regularluminous transmittance measuring system, which is described in ISO 3538:(1997, 5.1.2.

49.2.3 Control system, which shall be provided by the manufacturers for switching the DUT to a different
state. The control system and parameters shall be pre-set to make the specimen switch same as finished
product. The control system shall be able to cyclically switch the DUT between different transmittance states.

4.9.3 Device under test

One specimen or finished product may be used as the DUT for each test temperature. When a specimen is used,
the effective switching area of the specimen shall be able to cover a square whose sides are 290 mm in length.
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