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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.

The procedy

described i

different types of ISO documents should be noted. This document was drafted in accordande\wit

editorial ru

Attention is

ia needed/fo

es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subjs

ect of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detalils of

any patent rjights identified during the development of the document will be in théjIntroduction af
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the convenience of users and doe
constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Sufiplementary information.

The commitftee responsible for this document is ISO/TC 22;*Road vehicles, Subcommittee SC 35, Lig
and visibility].

anation on the meaning of ISO specific terms and\expressions related to confor

1d /or

S not

mity

as well as information about ISO’s adherence to*the WTO principles in the Technical

hting
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INTERNATIONAL STANDARD

ISO 17449:2015(E)

Road vehicles — Safety glazing materials — Test methods

for properties of electrically heated glazing

1 Scope

This International Standard provides the test methods and acceptance criteria for circuit continuity and

heatimmgpower; driving visibitity, etectricat-attachment bord perfornrarce, etectricat attact
perfgrmance, hot spot identification and heating uniformity, defrosting efficiency, high voltag
low temperature performance and long term humidity durability, for all electrically heated s:
mate

of an|electrically heated glazing material; it is not representative of in-vehicle performance.

2

The
indig
refer

Normative references

following documents, in whole or in part, are normatively reférenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

ISO 3538, Road vehicles — Safety glazing materials — Test methods for optical properties

IEC
Part

0051-2, Direct acting indicating analogue electri¢al measuring instruments and thein
— Special requirements for ammeters and voltmeters

3 erms and definitions

For the purpose of this document, the following terms and definitions apply.

3.1
heatjing evaluation area
for Type 1 (3.7), represented.by)an area formed by outermost conductors at an extended

ent bending
e durability,
nfety glazing

rials in a road vehicle. This International Standard provides test protocols for the static performance

ent and are
For undated
es.

accessories,

distance of

20 mim wider than the bus bars (along the edges) and extended to 50 mm on both the top and bottom, in

the
dista

sence of specific requirements and for a glazing equipped with heating circuits form
nced conductivelines and bus bars near to the glass edges

Note
of ev
desig]
evalu

1 to entry: Ifthe’extended distance is over the edge of the glass, then take the glass edge 3
hluation are@~The size of this generated area is calculated using CAD, see Figure 1. For othg
ned heaters with e.g. circular shaped heater, product specification can be referenced foi
ation area.

bd by evenly

s the border
r specifically
the heating

elves, in the

for Type2'(3.8) and Type 3 (3.9), shall be the same as the area of the heating elements thems

absernce of Speciat TEqUITEMENtS

Note 2 to entry: No additional area shall be included.

© ISO 2015 - All rights reserved
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Heating evaluation area 5

50 njm

Key

1 glass

2 heating gircuits

3 electrical attachment
4  busbar

5 outmost{conductor

Figure 1 — Heating evaluation area of Type 1

3.2
electrical attachment
componentd used for connecting to the vehiglte\power supply

3.3
defrosting
elimination jof frost from the exteriarof the glazing by heating at specified voltage

3.4
melted areg
area of the quter glazed surface of the sample having a dry surface or covered with melted frost

Note 1 to entty: Partiallyymelted area is excluded. The melted area shall be determined visually.

3.5
defrosting pfficiency
ratio of the rmefedareatothe hcatius evaltrationareaaftet ouppl_yius apl:\,iﬁcd vultasc forthe oyc»iﬁed

period of time at specified ambient condition

3.6

hot spot

any area on outer surface of the whole part that exceeds the maximum temperature defined in the
product specification after the part is supplied with specified voltage for the specified heating time
period at the specified ambient condition

3.7
Type 1

heater circuit consisting of conductors applied to the inside surface of a tempered or laminated safety
glass or a plastic safety glazing parts by means of a screen print, ink jet, or other method

2 © IS0 2015 - All rights reserved
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Type 2

heater circuit consisting of discrete conductor lines applied to the inside of a laminated safety glazing

by in
3.9

corporation of metal wires or any other suitable method

Type 3

heater circuit utilizing a transparent conductive film applied to one of the inner surfaces of a laminated

safet

y glazing

4

Test
mant

5 ¢

Unle
follof

I q

q

peeHRens
Ifacturer and its customer.

Conditioning of test specimens

5s otherwise specified, specimens to be tested shall be conditiohed prior to testin
ving conditions for at least 4 h:

imbient temperature: 23 °C £ 2 °C;
itmospheric pressure: 86 kPa to 106 kPa (860 mbar tod 060 mbar);

imbient relative humidity: 60 % * 20 %.

specimens can be production parts or test pieces which are upon the agreement between glass

g under the

6 Application of test
For dertain types of safety glazing material,(Some of the tests specified in this International Standard
are mot appropriate to be applied. Test\items and number of test specimens for a cerfain type of
electrically heating glazing are suggested’in Table 1.
Table 1.—Test items and number of test specimens
. Type Number of
No. Test item Subclause 1 5 3 specimens
1 C1rc1l1it continuity and 71 X X X 3
heating power
2~ |Driving visibility 7.2 X X X 1
3 Electrical attachment 73 X X X 3
bond performance
4 Electrical attachment 74 X . . 2
bending performance
5 Hot spot .identificatio_n 75 X X X 1
and heating uniformity
Defrosting efficiency 7.6 X X X 1
High voltage durability 77 X X X 3
8 Low temperature 78 . X X 3
performance
9 Long term humidity 79 X X X 3
durability
X Testrequired.
— Testneeds not to be carried out.
© IS0 2015 - All rights reserved 3
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7 Requirements

7.1 Circu

it continuity and heating power

7.1.1 Purpose of test

The purpose of this test is to determine whether the heating system circuit has the correct continuity

between ele

ments and heating power conforms to the product specification.

7.1.2 Apparatus

7.1.2.1 Vdfriable direct current (DC) power supply, rated at a minimum of two times the veltag

two times th

7.1.2.2

7.1.2.3 Apy
7.1.2.4 Hg
7.1.2.5 Pn
7.1.2.6 TH

recording sy
be adjusted

7.1.3 Pro

7.1.3.1 Ci

For Type 1
part. Lay he
check the p4

For Type 2 (g
part. Set thd
part to the d

For Type 3 p
part, record|

Vdltage meter, conforming to IEC 60051-2, with an Accuracy Class of 1.

e current specified for the parts to be tested.

hpere meter, conforming to IEC 60051-2, with an Accuracy Class of-1s
at sensitive paper.
ojector, conforming to ISO 3538.

ermal camera, with range of 0 °C to 100 °C, accuracy of +0,5 °C, capable of measuring
rface of the tested area with a spatial resolution‘ef 2 mm. The thermal camera emissivit]
Lo a level appropriate to glass substrate.

cedure

rcuit continuity

arts, supply the voltage defined in product specification to the electrical attachments ¢
at sensitive paper across the heating line/conductor. Optionally, use a thermal came
rt after power is supplied.

arts, supply the veltage defined in product specification to the electrical attachments ¢
part vertically. between the projector and a display screen. Light is projected throug
isplay screem; Wires with light shadow on the screen are broken wires.

arts, supply the voltage defined in product specification to the electrical attachments ¢
value ef-‘ampere meter.

b and

r and
y can

fthe
ra to

fthe
h the

fthe

7.1.3.2 Hy¢

pating power

In the absence of special requirements, heat the part for 30 min, and read the electrical current value
shown on the ampere meter.

7.1.4 Exp

ression of results

7.1.4.1 Circuit continuity

For Type 1 parts, check the colour change in the paper or in thermal camera due to heat. Make record of

broken heat

ing line/conductor.

For Type 2 parts, check the shadow of the part on the screen. Make record of broken wire position on

the part.

© ISO 2015 - All rights reserved
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For Type 3 parts, calculate the resistance according to the voltage measured at the attachments and the
corresponding current as measured in 7.1.3.2, and determine the continuity.

7.1.4.2 Heating power

Calculate the heating power as the product of the voltage measured at the electrical attachments and
the corresponding current measured in 7.1.3.2.

7.2

7.2.7

The
requ

This
7.2.2
7.2.2

7.2.3

For T
two

For ]
incr

For T

Reg
and

7.2.4

For 1
distd
evaly

For
dens

For ]

Driving visibility

— PUrpose of test

purpose of this test is to determine whether driving visibility of the heated glas
rements of the product specification.

test is applicable only for parts whose transparent area is heated.
Apparatus
.1 Steel ruler and reading microscope, with respective accuracy of 0,5 mm and 0,0

Procedure

ndjacent lines/conductors.

ype 2 parts, measure the wire width or diameter, and calculate the number of wires pe
hss direction.

ype 3 parts, measure luminous light transmittance according to ISO 3538.

rdless of the heating conductor type, all parts used as windscreen shall also have seco
ptical distortion measured aceording to ISO 3538 while specified voltage being applie

Expression of results

'ype 1 part, the driving visibility is expressed as the maximum width of conductor
nce between twe adjacent conductors, and the ratio of the total opaque wires are
lation area.

Type 2 part, driving visibility is expressed as the width or diameter of wir
ity (wires/cm).

ypé3 part, driving visibility is expressed as the luminous light transmittance according

5 meets the

D1 mm.

ype 1 parts, measure the width and length of heatinglines/conductors, and the distafjce between

" centimetre

hdary image
d.

S, minimum
h to heating

b and wire

to ISO 3538.

All windscreen parts shall have the Ievels of optical distortion and secondary image recorded while the
specified voltage is applied.

7.3

Electrical attachment bond performance

7.3.1 Purpose of test

The purpose of this test is to determine whether the electrical attachments meet the requirements of
the product specification after being subjected to mechanical forces.

7.3.2 Apparatus

7.3.2.1 Force meter with accuracy of 0,1 N.

© ISO

2015 - All rights reserved
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7.3.2.2 Stopwatch.

7.3.3 Procedure

Apply the force to the electrical attachment as defined in product specification; maintain the force for 30 s.

Check the ci

7.3.4 Exp

rcuit continuity and calculate the heating power according to 7.1 after pulling.

ression of results

Record circuit continuity, heating power, and mechanical damage of the attachment after pulling.

7.4 Elect

7.4.1 Pur

The purpos
the surface
number of t

This test is

In the absen|

74.2 Pro

Bend the eld
but not less

rical attachment bending performance

pose of test

e of this test is to determine whether the electrical tag attachments attached direct
bf the glass meet the requirements of the product specification after being bent a speg
mes.

nly applicable for the flexible tag attachment.

ce of customer specific requirements for bending, the folowing procedure is to be follg
cedure
ctrical tag attachments forward or backward in‘an angle of 45° + 2° five times within
than 8 s. Figure 2 gives two examples for ong'time bending.
tag
lass ™ N,
_g_\ il { V4
yalh\ /L Vil /
tag
N .
\ N al
= 7=
Yl / / /L /

Figure 2 — One time bending (forward and backward)

7.4.3 ExpresSion of results

Record mec

nanical damage of the tag attachment alter bending.

7.5 Hot spot and heating uniformity

7.5.1 Purpose of test

ly to
ified

wed.

10 s,

The purpose of this test is to determine whether the test part meets the requirements of the product
specification after having been heated for a specified period of time.

© ISO 2015 - All rights reserved
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7.5.2 Apparatus

7.5.2.1 Thermal camera, with range of 0 °C to 100 °C and accuracy of +0,5 °C, capable o

9:2015(E)

f measuring

and recording surface of the tested area with a spatial resolution of 2 mm. The thermal camera emissivity

can be adjusted to a level appropriate to glass substrate.

7.5.3 Procedure

This test shall be carried out at ambient temperature of 23 °C + 2 °C, or as defined in the product

specification.

Connlect part to the power supply specified in 7.1.2.1, supply the voltage defined in products
to thE electrical attachments of the part.

In the absence of special requirement, heat the part for 30 min. Observe the tempeérature
partffrom the outer surface, and if any hot spots are observed, mark their locatiehs on the
take|and save a photograph. Mark the highest temperature and lowest tefmperature on
evalyation area as defined in 3.1, take and save the photograph.

7.5.4 Expression of results

The hot spot, if applicable, is expressed as the location where~the temperature exceeds

pecification

n the whole
whole part,
the heating

the product

specification on the outer surface of the whole part. The heating'uhiformity is expressed as the difference

between the highest and lowest temperature found in the heating evaluation area as defineq
7.6 | Defrosting efficiency

7.6.1 Purpose of test

The purpose of this test is to determine, whether the heating system’s ability to remov
exterior surface of the glazing, at low teniperature, meets the requirements of the product s

In the absence of a customer specific requirement, the following procedure is to be followe
7.6.2 Apparatus

7.6.1.1 Low temperature chamber, having temperature accuracy of 2 °C.

7.6.4.2 Sprayer (s€e Table 2).

7.6.2.3 Support frame, with thermal insulation and the ability to support the part a
installationangle.

in 3.1.

e frost from
pecification.

i

F the design

Table 2 — Spray-gun characteristics

Characteristics Specifications
Nozzle diameter 1,7 mm
Operating pressure (350 % 20) kPa
Nominal flow rate 395 ml/min
Projection cone diameter at 200 mm from nozzle 300 mm
NOTE 1kPa=10-2bar.

© ISO 2015 - All rights reserved
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cedure

Install the part on the support frame to match the actual status on the vehicle, put the part together
with the support into low temperature chamber.

The air velocity of the cooling chamber shall be measured immediately prior to the test at a point
located 300 mm ahead of the part geometric centre. The value of this component shall be as low as
possible and in any case less than 3 km/h. In the absence of special requirements, cool the chamber to
-18 °C + 3 °C, maintain the temperature of the chamber and test part for 1,5 h.

Spray water evenly on to the part exterior surface, at a right angle to the part surface, with a 200 mm

distance between the ngzzle and p:\rf Eorm an even frost r‘nah'ng of ﬂ,nA.A. gl/rmz + n’nﬂA. gl/rmz fa)

part

outer surfad
times. Once
continue to

The mass of
that no watg

After sprayi

Connect the
the voltage
Photograph
the part eleg
the heating
the part has

7.6.4 Exp

e and check the homogeneity of the frost coating visually. The water can be sprayed(e
the water flow can be seen on the part surface, keep the part at =18 °C + 3 °C for 5min,
Spray until the sprayer is empty.

water shall be prepared and sprayed according to the required frost coating, taking
r is lost e.g. by dropping from the test piece.

Ing is complete, keep the partat -18 °C + 3 °C for at least 1 h.

Hefined in product specification to the electrical attachments of the part for up to 30
the part at the beginning of the test and every minute theyreafter. Record the voltage a
trical attachments and the current through the part every minute. Record the time at y
bvaluation area is clear of frost (without the use of a%iper). Stop the test within 1 min
fully defrosted or at 30 min, whichever comes first.

ression of results

If the heatinlg evaluation area is totally clear of frostbefore 30 min is reached, the defrosting effic

is expressed

The defrost
given in For

as 100 %. Otherwise, use the photo.at 30 min to calculate the defrosting efficiency.

ng efficiency is expressed by thé patio of the melted area to the heating evaluation ar¢
mula (1):

Dy
T, =|—=|x100
Dy
where
Tp is the defrostingéefficiency (%);

D1 is the heatirig’evaluation area (cm?2);

Dy isthemelted area (cm?2).

7.7 High

7.7.1 Pur

veral
then

care

part to the DC power specified in 7.1.2.1, in the absence of special requirements, suypply

min.
Cross
rhich
after

ency

ba, as

@)

voltage durability

pose of test

The purpose of this test is to determine whether the part meets the requirements of the product
specification after being supplied with high voltage for a specified period of time.

7.7.2 Pro

cedure

Connect the part to the DC power specified in 7.1.2.1, in absence of special requirements, supply two times
the nominal voltage defined in product specification to the electrical attachments of the part for 1 min.

Check the ci

8

rcuit continuity and calculate the heating power according to 7.1.
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