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Foreword

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

Electrochromic glazings perform several important functions in a building envelope, including
— minimizing the solar energy heat gain,

— providing for passive solar energy gain,

— controlling a variable visual connection with the outside world,

— enhancing thermal comfort (controlling heat gain), energy efficiency performance, illumination,
Ina glare control, and

roviding for architectural expression.

Thergfore, it is important to understand the relative serviceability of these glazings.
This|{document is intended to provide a means for evaluating the durability efelectrochrontic glazings.
The test procedures covered in this document includes:

a) Trapid but realistic cycling between high and low light transmissign states;

b) ¢nvironmental parameters that are typically used in weatherability tests such as simjulated solar
e¢xposure and high temperature, which are realistic for thé.intended use of electrochromic glazings.

© IS0 2021 - All rights reserved v
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Glass in building — Electrochromic glazings — Accelerated
ageing test and requirements

1 Scope

This document specifies the accelerated ageing test and requirements for electrochromic glazings

inter
can k

The
swit

dedtoeither comtrotdirect or imdirectsotar transmission, or botirTheetectrochro
e assembled as insulating glass unit, laminated glass or combination of both.

fest method described in this document is only applicable to chromogenic glazings
ched between different transmission states using an electrical stimulus. This' test m

applicable to other chromogenic glazings such as photochromic and thermochromic glazin

notr

This
door
used

prop

2

The
cons
unda

ISO 9

espond to electrical stimulus.

test method is applicable to any electrochromic glazing fabricatedfor use in building
5, windows, skylights, exterior wall systems and glazing exposed to solar radiation. T

for constructing the electrochromic glazing and for electrochromically changing
erties can be inorganic or organic materials.

Normative references

following documents are referred to in the text'in such a way that some or all of t
Fitutes requirements of this document. For-dated references, only the edition cited
ted references, the latest edition of the referénced document (including any amendme

energ

ISO
ISO

chro

050, Glass in building — Determinatign of light transmittance, solar direct transmittand
y transmittance, ultraviolet transmittance and related glazing factors

2543 (all parts), Glass in building — Laminated glass and laminated safety glass

0492 (all parts), Glass in_buildings — Insulating glass

erms and definitions

nic glazings

that can be
ethod is not
s, which do

s such as in
he materials
I its optical

heir content
applies. For
hts) applies.

e, total solar

ddresses:

mogenic glazing

glazing that has the ability to reversibly change either its visible or solar transmission, or both, in
response to an external stimulus such as electrical voltage or current, solar radiation or temperature

Note

3.2

1 to entry: Active components can be films, coatings, glasses or a combination of them.

electrochromic glazing
chromogenic glazing (3.1) in which an applied voltage or current is used to reversibly modify either
visible or solar transmission characteristics, or both

Note

©ISO

1 to entry: Active components are usually films, coatings or a combination of them.
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highest transmission state
highest visible light transmittance achieved by the electrochromic glazing (3.2)

3.4

lowest transmission state
lowest visible light transmittance achieved by the electrochromic glazing (3.2)

3.5

switching time
time taken for electrochromic glazing (3.2) to transition to or from the highest and lowest transmission

states (3.4)

Note 1 to ent
be different f|

3.6
switching d

I'y: The time to go from the lowest transmission state (3.4) to the highest transmission state, (3.3
Fom the time needed for the reverse transition.

ycle

) can

transition in light transmittance between two defined light transmittance values starting and ernding

back at the §ame point

3.7

lateral uniformity

degree of variation in the amount of irradiance in the x and y directions in the test plane used for

exposing eldctrochromic glazing (3.2)

4 Symbogls

V(A) spectral luminous efficiency for photopic vision defining the standard observer for
photometry (see ISO 23539:2005[11)

T visible light transmittance

Ty visible light transmittance in'the highest transmission state

T, visible light transmittance in the lowest transmission state

ty, switching time to.reduce the transmittance of the glazing

ty switching timefo increase the transmittance of the glazing

teycle total cycle.time

Subscripts:

i initial stage, prior to accelerated ageing

f final stage, after accelerated ageing

85 related to 85 % of the difference between the highest transmission state and the lowest

transmission state

5 Principle of the test

This test method compares light transmittance before and after artificial ageing.

The electrochromic glazings shall be exposed to simulated solar radiation during 5 000 h in a
temperature-controlled chamber at specimen temperatures as defined in Table 1. During this exposure,
the sample shall be switched to at least 85 % of its dynamic range, i.e. the difference between the

© IS0 2021 - All rights reserved
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highest transmission state and the lowest transmission state, with the shortest possible switching

cycle, see Formula (1).

71,85 =Ty - 0,85%(ty 1) (0

In case the switching time is such that more than 50 000 cycles are performed in 5 000 h, an adapted
switching cycle may be used, see 8.3.

Table 1 — Test classification summary

Conditions of testing Class 1 Class 2
Specimen temperature (85+7)°C (65x7)°C
Number of switching cycles Maximum possible Maximum possible
with a maximum of with a maximunt of
50 000 cycles 50 000 cycles
Number of hours of exposure 5000h 5900 h
NOTE Class 2 is for electrochromic glass that are not able to switch when above 65 °C.

The procedure consists of the following steps:
— gtep 1: initial characterization of the test sample and deternfination of the cycling conditions:
1+ lighttransmittance athighest (ry; ;) and atlowest (,y) transmission states, at room temperature;

1T switching time from highest to lowest transmission states (¢ ;) and reverse (tj;), at room
temperature;

+ switching time of 85 % of the dynamic range in both directions, at the selected test temperature;
+ calculation of the total switching cycle to be used in step 2;

— 4tep 2: cycling and radiation exposure of the test sample in a chamber maintained at the selected
fest temperature;

— 4tep 3: final characterization-of the test sample:

— lighttransmittance athighest (7 () and atlowest (7 ¢) transmission states, atroom temperature;

— switching timg-from highest to lowest transmission states (¢ () and reverse (¢4 ¢), at room
temperature:

Whep compared to the initial characteristics, the final characteristics shall meet the r¢quirements
given in Clause™9.

6 Description of the test equipment

6.1 Oven (for steps 1 and 3)

An oven shall be used to carry out optical measurements and to define the switching cycle of the
electrochromic glazings at the requested temperatures. It shall be large enough for the largest
electrochromic glazing to be tested and shall be able to reach the electrochromic glazing testing
temperature. The oven shall also be designed to permit using the equipment described in 6.2 and 6.3
for optical measurements while the electrochromic glazing shall be maintained at the temperature
chosen for step 2. Thermocouples shall be used to measure specimen temperature in the oven.

A schematic of an oven is given in Figure 1.

©1S0 2021 - All rights reserved 3
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chamber — Plan view

rometer (for steps 1 and 3)

bter shall be used for obtaining and’storing data from the optical characterization i
m to 780 nm of the specimens inthe highest and lowest transmission states.

urce can be a tungsten lamp:or other lamp source that provides illumination from 38

cables extend from\the lamp source into the electrochromic glazing specimen h
e electrochromic glazing specimen holder to the spectrometer. One optical fibre g
light from th€ lamp source to one side of the specimen; another optical fibre guide
light to the‘spectrometer attached to a computer. The fibres shall be optically couplg

6.3 Swit

hing ‘control system (for steps 1 and 3)

| — Schematic of an oven used to determine thé’switching cycle for use in the test

h the

D nm

blder
1ides
s the
ed by

bned collimating lens assemblies attached to both the illuminating and the collecting fibres.

The switchmg to and from highest and lowest transmission states during spectrophotometer
transmittance measurements can be done by means of a computer-controlled multichannel potentiostat
or by manufacturer-supplied control system.

6.4 Test chamber (for step 2)

The test chamber shall be temperature-controlled and shall contain lamps that have been filtered
appropriately in order to simulate the spectral power distribution of solar radiation over the ultraviolet,
visible and near infrared wavelength regions. As an example, Figure 2 shows the spectral irradiance of
an appropriately filtered xenon arc source compared to the global Air Mass 1,5 spectrum.
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fradiance of an appropriately filtered xenon arc lamp which is used to simulate the spectral powe

power distribution of air mass 1,5 solar irradiation

1 At longer wavelengths, the xenon arc emissionis”at variance with the air mass 1,5 so
ver, this part of the spectrum does not cause photolytic-induced degradation.
event unintended degradations, peaks,accurring in the range 300 nm to 780 nm shoulg

'e 3 shows an example top-view of the essential features of the test chamber, includin
e electrochromic glazings on a fest plane, the location of the lamps above the test pl
ksary connecting cables from the electrochromic glazings to the computer-controlled|
acquisition system. Chambér‘dimension shall be large enough to accommodate all spe

ntensity of the irradiance’at the specimens shall be adjustable to obtain the desired lig
ateral uniformity within the guidelines of this document (see 6.4).

2 This can be.achieved by adjusting the distance between the specimens and the lamps.

I distribution

spectral

lar spectrum
ar radiation.

be avoided.

g the layout
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Key
1
2
3

electrica

Temperaturj
be controlld

electrochromic glazings

electrochromic cycling unit and data acquisition system

EC EC

4
5
6

lamp sources
leads and thermocouples chamberéernclosure

forced-air heating/cooling system
‘igure 3 — Example plan view of the essential features of the test chamber

e control within the test chamber shall be prévided. Conditions inside the closed space
d for air temperatures from 20 °C to the maximum temperature of the test +10 °C

relative humidity within the test chamber shall not'exceed 60 % to avoid condensation.

Simulated §|
cooled 6 50
shall be suit]

(see Figure
reduces the

The chambd
3 000 nm o
plane shall |

NOTE3 F(
1S0 9060121 a

The electro

olar irradiance shall be provided-by the appropriate number of spectrally filtered
D W lamps, housed within a reflector system in the ceiling of the test chamber. The 1
ably filtered to provide a match of an Air Mass 1,5 solar spectrum from 300 nm to 90
D). The water-cooled lamps’shall be surrounded by a near infrared-absorbing filter,
heat load.

r shall be designed-to achieve a radiation intensity over the spectral range of 300 n
(1 000 + 40) W/m? at the specimens. The lateral uniformity of irradiance across thé
e no more than+8 %.

r the determination of the total irradiance level, pyranometers according to the specificatig
hd the sensitivity to the spectral range from 300 nm to 3 000 nm can be used.

CHromic glazing specimens shall be located on the test plane beneath the lamps. Thg

shall
The

and
hmps
D nm
rhich

m to
test

ns in

test

chamber sh

II'have a means 1or allowling electirical connections to pdass Irom inside to outside th

to allow temperature monitoring and electrical control of the electrochromic glazings.

NOTE 4

unit

A suitable lamp source and filter combination is a 3 500 W/6 500 W xenon burner (part number 20-

6500-00) with an inner quartz filter (part number 20650600 and an outer filter of CIRA/Sodalime (Part Number

2065200) fro

m Atlas®D.

Thermocouples shall be used to measure specimen and chamber temperatures in the test chamber.

1) CIRA and Sodalime are trade names of a product supplied by Atlas. This information is given for the convenience
of users of this document 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.

6
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Electrochromic cycling unit (for step 2)

The electrochromic cycling unit shall impose either voltage or current cycles, or both to alternately and
repeatedly change the transmittance of the electrochromic glazings while in the test chamber.

NOTE The functions of the electrochromic cycling unit and of the switching control system

perfo

6.6

rmed by the same equipment and can be the manufacturer of the supplied control system.

Image capturing equipment (optional)

A digital camera and video camera can be used for visual documentation.

(6.3) can be

-7

7.1
The {

The inimum specimen size shall be (250 + 5) mm x (250 + 5) mm.

Five
teste

For s
thei

The
elect]
mat
actu

7.2

Befo
defeq
and |

Ther]
elect
is thg
isap
can g

Figu
lami

[est specimen

Description of the test specimen

est specimen design and construction shall be representative of the product design.

samples shall be provided and four shall be tested together. Phefifth sample shall be k
d reference sample. See Clause 11 for reporting requirements.

hsulating glass units at the testing temperatures.

pdge seals of the insulating electrochromic glass unit or the edges or edge seals g
rochromic glazings, where relevant, may be protected from radiation exposure by an

] application the edges or edge seals arealso protected from radiation.

Preparation of the test specimen

e testing, the electrochromic glazings shall be inspected visually. Photographs of

owest transmission stateyand observations shall be recorded.

mocouples (0,13 mim diameter) shall be taped to the centre surface of the glass com
rochromic propérties with 8 mm x 8 mm pieces of aluminium tape (see Figure 4). If thij
e one furthestaway from the radiation source, special care shall be taken to ensure tH

Iso be used:

e 4shows an example with insulating glass unit, but the same principle applies for nj

Ppt as a non-

amples in an insulating glass unit, capillary tubes maj.be used to provide edge pressiire relief for

f laminated
appropriate

rial such as aluminium tape or foil up to.16"'mm from the edge of the glass, provided that in the

hny obvious

ts or aberrations of the elegtrochromic specimens shall be taken in the highest transmission state

ponent with
; component
ermocouple

propriately:-shielded from the light source. Other appropriate surface temperature probe or device

1onolithic or

hated electrochromic glazing.
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1 3 2
— ——
- B
N <. 5

Key
1  plan viey of the electrochromic glazing sample 4  glass component containing the electrochromig
2 side view of the electrochromic glazing sample 5 thermocouple wire
3 aluminiym tape
NOTE Figure 4 is not to scale.
Figure 4|— Schematic placement of the thermocouple on anelectrochromic glazing samgple
The thermocouple leads may also be taped away from the\centre of the specimen using up tg

additional 8
from being j

8 Initial

8.1 Gene

The electro
test temper

8.2 Initia
The convec
measureme
monitored H

mm x 8 mm pieces of aluminium tape to prowvide strain relief to prevent the thermoc
pulled off the glass surface.

optical characterization of the test sample (step 1)

ral

thromic glazing specimens-shall be characterized at room temperature and at the selg
ture, using the same-egiripment for both series of measurements.

1 optical characterization of the electrochromic glazings at room temperat

fion oven described in 6.1 shall be allowed to equilibrate with room temperatur
hts at approximately 22 °C. The temperature of the electrochromic glazing sha
y a thétmocouple as described in 7.2.

two
uple

pcted

ure

e for
[l be

ed as

The highest

() and lowest (7, ; ) transmittance of the electrochromic glazings shall be determin

follows:

a) Reference spectra for 100 % and 0 % transmittance shall be taken before each measurement using

5 nm increments.

The light transmittance of the specimen shall be measured at one point near the centre of glass,

over a spectral range covering at least 380 nm to 780 nm in successive time intervals during the
process of cycling between highest and lowest transmission states. Ensure that the measurement

from the area that is covered by the thermocouple attachment or shielding.

A time interval of a fraction of the total electrochromic cycle time for taking each spectru

adequate to record the optical properties of each electrochromic glazing.

atleast
b)

is away

NOTE 1
8

m is
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c) The light transmittance of the glazings shall be obtained by integrating the spectra in the
wavelength range of 380 nm to 780 nm using the spectral luminous efficiency for photopic vision
V(A) as the weighting factor[3]. The procedure for integration is found in ISO 9050.

d) The samples shall reach their lowest transmission and highest transmission states during these
measurements. The control protocols applied for switching the electrochromic glazing between
transmission states and holding at lowest and highest transmission states shall be as specified by
the electrochromic glazing manufacturer. Wait for 30 min from the start of the transition for the
specimens to reach their extreme states or until the rate of change of transmittance is less than
0,4 % of T per minute (whichever yields the shortest time).

IICTE 2 T_y yu.a} tl auoulittaubc D}ICLtla I'CCUl dCd dux ills a fu}} A4S itb}l;lls l,_y\,}c alr’T D}IUVV 11 l 1 Flgure 5, ln
which the optical spectra of the glazings are plotted as a function of wavelength.

80

70

. N
| =
N0\

0 T T —
400 60Q 800 1000 X

X wavelength, in nm
Y  ljght transmittance, in %
a  Direction of reducing transmission.

Higure 5 — Typical transmittance spectra recorded during a full switching cycle in which
the optical spectra of the glazings are plotted as a function of wavelength

8.3 | Lighttransmittance measurement as a function of time at the selected tesit
température

Each electrochromic glazing shall be heated in a convection oven at the selected test temperature.

The sample shall be cycled through 85 % of its dynamic range (where dynamic range is 7y ; to 7, ; ). That
is, the sample shall be cycled starting from 7y ; through to a transmittance of:

Ty,85 = T, = 0,85 (T = 71,)
The switching times for obtaining a light transmittance of 7 g5, starting from and returning to the

highest transmission state shall be determined by measuring the transmittance as a function of time
using the spectrometer as described in 8.2.

t1, gs, the switching time to reduce the transmittance of the glazing from 7y ; to 7, g5 is the highest of
the values measured on the five samples.

© IS0 2021 - All rights reserved 9
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ty gs, the switching time to increase the transmittance of the glazing from 7, g5 to 7y ; is the highest
of the values measured on the five samples.

The value of t| g5 and ty g5 can be different.

can be taken as

If the electrochromic cycling unit can replicate this difference, the duty cycle ¢,

cycle
the sum of t| g5 and ty gs.

If it is not the case, ¢ shall be two times the maximum of ¢ g5 and ty; g5 and the time to increase

or decrease the transmission will be equal.

For electrochromic glazing that can achieve more than 50 000 cycles in 5 000 h, the time spent in
both highegt and lowest transmission states shall be equal and the cycling shall occur evenly and
continuously throughout the 5 000 h. In that case, both ¢ g5 and ty g5 will be equal to 6 min.

9 Cycling and radiation exposure of the test sample (step 2)

9.1 Mounting of the electrochromic glazings in the test chamber

The electro
unit facing 4
building. Su
acquisition i

chromic glazing specimens shall be placed onto the test plane.{The surface of the gl
he light source shall be the surface facing the exterior when the glazing is installed i
itable electrical connections shall be made from the electrechromic cycling unit and
ystem to the wires of each electrochromic glazing.

hzing
h the
data

NOTE The test plane can either be horizontal or vertical. The crifieal requirement is that the illumirjation

and uniformity meet the requirements of this document.

Before cycling at the test temperature, the electrochromic glazing specimens shall be submitted to
switching cycle in the test chamber at room temperaturée-to verify the integrity of the electronic control
and data acquisition system, as well as the continuity, of the electrical and thermocouple connectigns.

9.2 Setting up the test chamber

The chambpr temperature shall be adjusted to obtain the desired surface temperature of the

electrochro
is the tempe
properties

mic glazing in the lowest transmission state. The temperature of the electrochromic gl
rature measured at the centre of the surface of the glass component with the electrochy
vhen in the lowest transmission state, irrespective of the orientation of the sample rel

hzing
omic
ative

to the radiation source.

EXAMPLE

lowest trans
lowest trans
electrochron

With a chambeér-air temperature of 60 °C, the centre of electrochromic glazing surface in the
mission statedpeaches a steady-state temperature of about 85 °C depending on the specimern size,
mission state reached during voltage cycling, location of the glazing in the test plane, and the
ic glazing'construction.

i

9.3 Cycling the electrochromic glazings in the test chamber at elevated temperature
and under simulated solar exposure

NOTE T
5°C when th

e daverage electrochromic glazing temperature will be less because of a typical decrease of about

electrochromic glazing is in the high transmission state.

With the specimen in the highest transmission state, the xenon arc lamps shall be activated. When
the electrochromic specimen approaches the desired testing temperature, the voltage cycling of the
electrochromic glazing shall be started, using the cycle defined in 8.3. Adjustments shall be made to the
chamber air temperature to account for the inevitable rise in temperature of the specimens resulting
from absorption in the lowest transmission state.

Specimen temperatures and cycling data shall be recorded using the data acquisition system and
periodic monitoring shall be done to ensure proper operation of the test chamber and associated
experimental apparatus.
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