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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MECHANICAL SAFETY OF CATHODE RAY TUBES

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the /Subject dealt with may
particippte in this preparatory work. International, governmental and non-governm iaisi

ental orga izatipns liaising

with thle IEC also participate in this preparation. The IEC collaborates clg thex.International

Organigation for Standardization (ISO) in accordance with conditions determined\by agteement ketween the
two orgpnizations.

2) The fogmal decisions or agreements of the IEC on technical matters &

internafional consensus of opinion on the relevant subjects since each té
from all interested National Committees.

ypssible, an
resentation

3) The doguments produced have the form of recommendations for interqationa i in the form
of stanfdards, technical specifications, technical reports or guide AL epted by the National
Commiftees in that sense.

4) In ordey to promote international unification i ternational
Standa g \ fHards. Any
divergehce between the IEC Standard and’t ! be clearly
indicatgd in the latter.

5) The IEC ble for any
equipmpe

6) Attentiq the subject

of patent rights. The IEC sha

Internatignal Standar ittee 39:

Electronif tubes.

The text pf this s@’a

Report on voting

39/255/RVD

voting for the approval of this standard can be found in the feport on

This publication has™been drafted in accordance with the ISO/IEC Directives, Part 3.

Annexes A and B are for information only.

The committee has decided that the contents of this publication will remain unchanged until 2004.
At this date, the publication will be

e reconfirmed,;

e withdrawn;

* replaced by a revised edition; or
e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

This International Standard sets forth test methods and limits for cathode ray tubes (CRTSs).
Hitherto, the only IEC standard for the mechanical safety of CRTs has been contained within
clause 18 of the equipment standard IEC 60065. Whereas that standard has been accepted
and used by many countries, many others have not been able to implement its requirements
because of differing local needs. This new standard aims to provide the basis for wider
acceptance and use, and reflects the current IEC policy of producing separate component
standards to which equipment standards can refer.

Many years of expenence had been built up in the use of both the IEC Il65 test and the

other coly o] standard,
extensive test programmes and balllstlc and statistical caIcuIatlons wg i to verify
that the requirements of the standard give protection for users of €R bes are
mounted|in the equipment for which they are intended. This was also dg ehsure¢ that the

new starjdard maintains the stringent requirements of both 5, @h ternative
tests in common use. These tests and calculations also confirme

a) the ag¢ceptability of one standard ball for the mechanica

b) the nged for the implosion test where it is not al acuation

using|the ball impact test.

acuation

As the impact tests in this standard ar @
al sttesses in the CRT [from the

is evalugted and not subsequent rela
implosion protection system.

chahic
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MECHANICAL SAFETY OF CATHODE RAY TUBES

1 Scope

This International Standard is applicable to cathode ray tubes and cathode ray tube
assemblies (hereinafter referred to as CRTs) which are intended for use as components in
apparatus and which have integral protection with respect to the effects of implosion.

These requirements apply to CRTs intended for use in apparatus inclgding electrical and
electroni¢ measuring and testing equipment, information technolog nt,| medical
equipment, telephone equipment, television equipment and other simj j paratus.

This standard is intended to apply only to those CRTs in which
of the epclosure for the apparatus. The test methods do
protected by separate safety screens.

rms part
which are

A CRT covered by this standard is intended to be installed™ designed both to
protect the rear of the CRT against mechanical or pthef X ditions of
operation) and to protect the user against particle Al d/j from the
CRT facg in the event of implosion.

This starldard contains requirements for X » hal and larger that in¢orporate
implosion protection systems providing G nst the hazards of particles|expelled
forwards against particles expelled in other
directions.

Compliance is tested b

in clausds 8 (large CR
small CRTs are i

NOTE Th
(CRTs) as

est procedures and criteria which are given
) of this standard. The definitions of [arge and

ent requirements for the mechanical safety of cathodp ray tubes

The follo iye documents contain provisions which, through reference in [this text,
constitut this International Standard. For dated references, supsequent
amendments(to~ar reyisions of, any of these publications do not apply. However, parties to
agreementsibased this International Standard are encouraged to investigate the possibility
of applyi Tt ' glel : undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60065:1998, Audio, video and similar electronic apparatus — Safety requirements

IEC 60068-1:1988, Environmental testing — Part 1: General and guidance
Amendment 1 (1992)

IEC 60216-1, Guide for the determination of thermal endurance properties of electrical
insulating materials. Part 1: General guidelines for ageing procedures and evaluation of test
results
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3 Definitions

For the purposes of this document the following definitions apply.

3.1

bonded frame

system employing a preformed metal frame that covers the periphery of the CRT rim area.
The space or void between the CRT rim and the metal frame is filled with resin or equivalent

3.2

CRT diagonal TN
nominal diagonal of the glass envelope at its maximum dimension (for example \mpeuld-match
line) excluding any hardware

3.3
CRT envelope
structure|consisting of a face or faceplate, funnel and neck as

3.4
devacuation
equalization of the pressure in a CRT relative to

3.5

fracture
one or more cracks in the faceplate 6 g a rapid or slow devacuatipn of the
CRT envglope

3.6
glass pafticle

piece of glass thaiexc
3.7

implosign
devacuation due\ to\t Qi , usually

3.9
prestressed banded CRT

system that employs a metal tension band (located over the CRT rim area) that is tightened
by thermal shrinking, or other means, to a tensile load. The system may also include a metal
rim band located between the tension band and the CRT rim. The tension band or the rim
band or both may have an interlayer of tape, resin or the equivalent placed between the
mating parts

3.10
shaling
condition where the glassware splits into thin layers
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3.1
test cabinet
enclosure which is used to accommodate the CRT during tests

3.12
useful phosphor screen
a) colour CRT: the visible phosphored area of the CRT as viewed from the front

b) monochrome CRT: specified maximum useful phosphored area of the CRT

3.13
large CRT

CRT withdfagomatdimensiomexceeding 60

3.14
small CRT

rectangular CRT with a minor face dimension of at least
dimension of 76 mm and a maximum diagonal dimension. o
minimum| diameter of 76 mm and a maximum diameter of \

diagonal
CRT of a

3.15
common quality management system
quality management system described j
in two or

4 Gen

41 Co

If corros
standard

42 Me

To impro samples
submitted for'tes » 5.

4.3 H4]

Safety pr

5 Environmental conditioning

5.1 Standard atmospheric conditions for testing

Unless otherwise specified, all tests and measurements shall be made under standard
atmospheric conditions for testing as given in 5.3 of IEC 60068-1:

— temperature: 15 °C to 35 °C;

— relative humidity: 25 % to 75 %;

— air pressure: 86 kPa to 106 kPa
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5.2 Preconditioning

Before CRTs are subjected to thermal conditioning or to testing they will be allowed to stabilize
at standard atmospheric conditions for testing (see 5.1) for a minimum period of 16 h.

5.3 Thermal conditioning
Details of thermal conditioning are given in tables 1 to 6. After thermal conditioning has been

completed, the CRTs will be allowed to stabilize at standard atmospheric conditions for
testing (see 5.1) for a minimum period of 24 h.

6 Sampling T~

6.1 Sampling plans

Details afe given in tables 1 to 6.

6.2 Sample numbers

The num given in
tables 1 tables 5
and 6.

NOTE In for use in

case of retgst to satisfy the intent of the requir

6.3 Compliance

All CRTs|in a test group s yuirements for that group, excelpt that, if
only one|CRT from all.theNest ply with the requirements, acdeptability
may be |determined 28t group to the set of tests during which
unaccepfable results occurred tion is acceptable if all CRTs in the segond test
group co r@ 8qui

7 Test
7.1 Sc
As the fg to obtain
implosion P using a
diamonds- or other
similar to

7.2 Barriers

Barriers as specified in the test procedures, each made of 10 mm to 20 mm thick material,
250 7(3) mm high and (2,00 = 0,01) m long, shall be placed on the floor in front of the test

cabinet at the specified locations, measured horizontally from the vertical plane of the centre
of the front surface of the CRT to the near surface of the barrier closest to the tube face. The
tolerance on the position of the barrier shall be +10 mm, unless otherwise stated. The barriers
may be less than 2 m long provided that they extend to the walls of the test room
(see figures 2 and 5). A non-skid surface such as a blanket or rug may be placed on the floor.

NOTE A particle travelling past the plane of the front surface of the barrier shall be considered to have passed
the barrier.
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7.3 Mounting

The CRT shall be mounted in a test cabinet of rigid construction and of suitable dimensions
that does not permit a gap or opening wider than 6 mm around the CRT (see figure 1).
The mounting of the CRT in front of, or behind, the front panel of the test cabinet shall be in
accordance with the CRT manufacturer's specifications or intended application. When
mounting specifications are not available, the preferred mounting method shall be behind the
front panel unless design features do not allow this condition.

A hole of suitable area shall be provided at the top of the cabinet to allow access to the
funnel. This hole shall be covered during the impact test.

fithe CRT
ar of the

An openimgtavingam area of ot tess thramone-quarter of the—area of
or 0,02 m2, whichever is the smaller, shall also be provided in th
cabinet for air intake in the event of an implosion.

The cabinet shall be firmly supported so as to prevent movem
7.4 Mounting position
The centfe of the CRT shall be (1,00 + 0,05) m abovg
8 Tesling of large CRTs

8.1 Mefchanical strength (ball impac

8.1.1 Test procedure

A solid gmooth steel ball™f ( i ax.and mass of (260 + 15) g, inclyding the
hook, and a minimu . [ ss of 60, shall be suspended by| suitable
means sych as a fme wire 0 [ nass not exceeding 10 % of the mass of the ball
and the hook. | ‘ 'y as a pendulum from a calculated he¢ight and
strike thg face of ) an eerg of (5,5 +0,1) J. The CRT shall be placed s¢ that the
face is Vertical and endulum.
A single |i d to gny point on the CRT face at a distance of 40 mm or
greater fi
NOTE The h minimum
position of

4
The barni the CRT

(see figu

8.1.2 Tass throw crileria

A CRT is in compliance if the expulsion of glass within 5 s of the initial impact meets the
following requirements:

a) there shall be no glass particle (a single piece of glass having a mass greater than
0,025 g) past the 1,5 m barrier;

b) the total mass of all pieces of glass past the 1,5 m barrier shall not exceed 0,1 g.
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8.2 Implosion test (missile)
8.2.1 Test procedure

The face of the CRT at the top and bottom shall be scratched (3 + 1) mm from the screen or
phosphor edge into the viewing area. The scratches shall be horizontal lines (100 + 5) mm long.

The impact object shall be a steel missile (see example in figure 3) with a mass of (2,3 + 0,1) kg,
a minimum C scale Rockwell hardness of 60 and having one end rounded on a radius of
(25 + 0,5) mm.

The CRT shaII be subjected to a smgle |mpact mtendlng to cause rapld de cuatlon using the
i 2 e S S frroth arc of a
Lise rapid

The imp3 s of one
circle is radius is
one-half igure 4, if
Rs is less

NOTE Prgvi or the test
laboratory) ign.

The imps bnetrates
the CRT

Barriers § al plane of the centre of the face of

the CRT

If no CR en the alternative implosion test|(missile)

8.2.2 G

A CRT ig i heets the

following

a) there he 1,0 m
and j

b) theto es of glass between the 1,0 m and 1,5 m barriers shall not exceed 45 g;

c) there|shallb ngle piece of glass having a mass greater than 1,5 g beyond fthe 1,5 m
barrigr:

8.2.3 Alternative implosion test (missile)

This alternative test shall be used as an additional test when the test in 8.2.1 has devacuated
no CRTs, or may be used as an alternative to the test in 8.2.1 when it can be shown that
the 8.2.1 test is unlikely to devacuate at least one CRT of the sample group.

8.2.3.1 Test procedure

As in 8.2.1, except that the impact object will be a steel missile (see example in figure 10)
with a mass of (1,4 + 0,1) kg, a minimum C scale Rockwell hardness of 60 and one end
rounded on a radius of (15 = 0,5) mm.
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8.2.3.2 Glass throw criteria

As in 8.2.2. If no CRTs devacuate as a result of the test in 8.2.3.1, then the glass throw
requirements of 8.2.2 are deemed to have been satisfied.

8.3 Implosion test (thermal shock)
8.3.1 Test procedure

The CRT shall be mounted in the test cabinet which is described in 7.3 and 7.4. The barrier
shall be placed at (150 + 2) mm from the vertical plane of the centre of the face of the CRT.
An area shall be scratched on the faceplate sidewall or face of the CRT using one of the
patterns illustrated in figure 6. AN

A thermal shock shall be applied using one of the following methods,

a) Liquid nitrogen

The gcratched area shall be cooled using liquid nitrogen unii . . A dam of
mode]fling clay or equivalent may be used to contain thg/liguid\nit

b) Hot rod
The ¢nd of an ordinary flint glass rod, of suitablg dian ' shall be
heated until it is red hot and nearly fluid. The hea q ed firmly
on thg scratched area of the CRT \ thin 10 s
then the rod shall be withdrawn akd cbo ‘ prea. If a

devaguation cannot be induced by test shall

be carried out using liquid nitrogen
8.3.2 G

A CRT is
the planeg

1 through

8.4 Hig

CRTs whi
high-enef

following

8.4.1 T

A (25 + 1 he top of
the test g faceplate
and funnghdfthe hardware extends back from the seal more than 3 mm so as to inteffere with
the placement of the pin, then the pin shall be placed as close as possible 1o the hardware
without touching it. A weight (see figure 9a), having a mass of (4,5 + 0,1) kg, shall be caused
to fall from a height so as to impact the pin at the end of its fall.

The height of the test mass shall be adjusted to limit the amount of energy to the minimum
required to produce fracturing of the glassware, but not less than 7 J.

If fracturing of the glass does not occur, the impact energy shall be increased in 7J
increments to a maximum of 63 J using a new test sample each time until all the CRTs in the
test group have suffered rapid devacuation.
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The impact energy shall not be so large as to cause the pin to punch a hole with little or no
cracking or shaling of the glassware. If this condition does occur then a lower impact energy
shall be selected so as to result in fracturing (7 J steps not necessary).

NOTE Previous testing experience on a particular CRT design (obtained from the CRT manufacturer or the test
laboratory) should be considered when selecting the energy level within the range.

The implosion pin shall be restricted so that its travel on impact shall be a maximum of 6 mm.
The pin travel restriction assembly shall be positioned so that its impact energy shall not be
transferred to the test cabinet. Figures 7, 8 and 9 give examples of equipment that may
be used.

Barriers shall be placed 1,0 m and 1,5 m from the plane of the centre of th)a'f-age of the CRT.

8.4.2 Qlass throw criteria

A CRT is$ in compliance if the expulsion of glass within 5 s of the_initiakd kets the
following|requirements:

a) there|shall be no single piece of glass having a mass gfeats \ 5 he 1,0 m
and 1,5 m barriers;

b) the total mass of all pieces of glass between the 1,0 ped 45 g;

c) there|shall be no single piece of glass havin he 1,5 m

barridr.

9 Tesiing of small CRTs

9.1 Mechanical strengt
9.1.1 Tlest procedure
A solid gmooth dmeter and mass of (260 = 15) g, including the
hook, and a minin hardness of 60, shall be suspended by| suitable

means such as a f 4 Y'a mass not exceeding 10 % of the mass of the ball
and hook. It shal{’b ad o ely as a pendulum from a calculated height gnd strike

the face (2,0 = 0,1) J. The CRT shall be placed so tha{ the face
is verticg i jcal plane as the point of support of the pendulum.| A single
impact s any-point on the CRT face at a distance of 25 mm or gregter from
the edgé]

NOTE The should consider all their test set-up uncertainties to ensure this 25 mm minimum
position of i

The barrfer stralt—be ptaced 0,6 1 from the ptane of the centre of the face of the CRT
(see figure 2).

9.1.2 Glass throw criteria

A CRT is in compliance if the expulsion of glass within 5 s of the initial impact meets the
following requirements:

a) there shall be no glass particle (a single piece of glass having a mass greater than
0,025 g) past the 0,6 m barrier;

b) the total mass of all pieces of glass past the 0,6 m barrier shall not exceed 0,1 g.
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9.2 Implosion test (high ball)

If implosion or rapid devacuation does not occur when the CRT is tested as specified in 9.1
then a CRT having other than a laminated implosion protection system shall be subjected to
the following test.

9.2.1 Test procedure

The face of the CRT shall be scratched at the top and bottom edges (3 + 1) mm from the
screen phosphor edge into the viewing area. The length of the scratches shall be 45 % to
55 % of the longest dimension/width of the face of the CRT.

m C scale
shall be

Using a (4
Rockwell

subject t in 0,7 J
increments until fracturing occurs. A new sample shall be used for<e RTs in
the test group have been tested, with implosion or rapid devacuation g .

Barriers ghall be placed 0,6 m and 1,2 m from the plane @ the CRT

(see figure 2).

9.2.2 Q@lass throw criteria

A CRT ig in compliance if the expulg neets the

following|requirements:

a) there he 0,6 m
and 1,2 m barriers;

b) the total mass of all pie¢es - 5 bed 45 g;

c) there|shall be no single pi S he 1,2 m
barrigr.

9.3 Implosion t;s

9.3.1 Tlest proéeduyr

9.4 High-energy impact test

CRTs which have a laminated implosion protection system shall be subjected to the following
high-energy impact test.

9.4.1 Test procedure

A (9,5 £ 0,5) mm diameter steel pin shall be inserted through the hole in the top of the test
cabinet and placed directly on the envelope seal line. A weight (see figure 9b) having a mass
of (0,45 + 0,02) kg, shall be caused to fall freely from a height so as to impact the pin at the
end of its fall.
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The height of the test mass shall be adjusted to limit the amount of energy to the minimum
amount required to produce fracturing of the glassware, but not less than 2,7 J.

If fracturing of the glass does not occur, the impact energy shall be increased in 0,7 J
increments, using a new test sample each time, until all CRTs in the test group have been
tested with rapid devacuation.

The impact energy shall not be so large as to cause the pin to punch a hole with little or no
cracking or shaling of the glassware. If this condition does occur then a lower impact energy
shall be selected so as to result in fracturing (0,7 J steps not necessary).

NOTE Previous testing experience on a particular CRT design (obtained from the CRTWcturer or the test

|aboratory) should be considered when selecting the energy level within the range

The impact pin shall be restricted so that its travel on impact shall b€ i of 6 mm.
The pin fravel restriction assembly shall be positioned so that in E}not be
t fHat may

transferred to the test cabinet. Figures 7, 8 and 9 give exa
be used.
Barriers ghall be placed 0,6 m and 1,2 m from the plane o > 3 e CRT.

9.4.2 Qlass throw criteria

A CRT ig in compliance if the expulsig heets the

following|requirements:
a) there|shall be no single piece of glass ing 8 he 0,6 m

and 1,2 m barriers;
b) the total mass of all piecé 2 bed 45 g;

c) there|shall be no single\piece he 1,2 m
barrigr.

ame, trade name or identifying code, and a typg number,
each CR[I wfiich~ueets(the requirements of this standard shall be marked with the [following

AW aSimilar meaning. The marking shall be of a permahent and
opriate language.

tion.
e or

athode ray tube employs integral implosion protec

11 Normative requirements for the use of tables 1 and 2
(prestressed banded CRTs)

Sampling and testing for new construction (sampling plan I), new construction with known
tape or resin (sampling plan Il), tension band only (sampling plan Ill) and alternative
construction (sampling plan V) will be used when any of the following new construction
features or variations in construction apply. Unique constructions may require a special
investigation.
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11.1 Sampling plan I: New construction

Applicable to first-time testing for a CRT manufacturer or a change in construction of a
previously tested CRT that employs any of the following nominal design changes:

11.1.1 Size

New CRT diagonal size range (see table 7).

11.1.2 Deflection angle

New deflection angle range for a particular CRT size range (see table 7).

11.1.3 (Qlassware shape

Glasswate in a particular CRT size and deflection angle range,
variation$, is considered a new glassware shape.

a)

11.1.4 Glassware supplie

New glagsware supp
glasswarg supp
control afrangemenit

new supq

11.1.5 R

New resi
generic t

11.1.6 T

1> shape

nt to the
RT for a

front panel outside curvature — a change in height mea
centre¢ of the face panel of more than =10 % from
manufacturer;

aspegt ratio — any change in the height-to-width( ratjo 2 reviously
tested CRT for a manufacturer;

glass ny point,
other
corngr radius — any change in extepnal or i of more

than 10 %.

f present
d quality

different

New tape employed in the tension band system. A tape is considered new if one or more of
the following circumstances apply:

a)
b)
c)
d)

e)
f)
9)

tape width — the tape width under the tension band is reduced by more than 20 %;
change in generic type of adhesive, for example, acrylic, silicone, natural rubber, etc;
adhesion — more than 20 % decrease in adhesion strength;

single-sided adhesive — tape that is changed from a double-sided adhesive to a single-
sided adhesive;

any combination that differs from that used in previously tested CRTs;
change in backing generic type, for example, polyester cloth, etc.;
change in backing thickness of more than +20 %.
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Applicable to first-time testing for a CRT manufacturer or a change in construction of a
previously tested CRT that employs any of the following nominal design changes:

11.2.1 Tape and resin

A new CRT construction as defined in 11.1.1 to 11.1.4 with a tape or resin which has been
previously tested and found acceptable for a CRT manufacturer in the same or a larger CRT

size.

11.3 Sampling plan lll: Tension band and alternative tension band

AN

Applicable to any of the following changes in tension band or hardware;

11.3.1 Tlension band only
CRTs us|ng this construction employ only a tension band. The

tension gand and the CRT envelope. This sampling plan app
as a congtruction change where tape or resin is deleted from

11.3.2 Band-end securement

For tensfon band only construction, xk
securement method, such as a chang

11.3.3 Band tension

A changd i %Iass ware recovery value of greater t
to +15 % mptoying4a particular size range, deflect
range an
11.3.4 B
Change S 3 uch as a change from machine tightened
band, or
11.3.5 H
ChangeS re sistem such as addition or deletion of rim bands, reinforcin

other stri

11.3.6 Band'width

ween the
s as well

band-end

han =5 %
on angle

to shrink

g bars or

Reduction of nominal tension band width by more than 10 %.

11.3.7 Band material

Change in metallurgical composition.

11.3.8 Band position

Change in the nominal location of the band (forward or backward) by more than 3 mm from its
original position as measured from the front of the band to the Z point on the panel.
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11.3.9 Band-surface coating

Addition or change in the surface coating of the tension band when welding is the method of
band end securement. CRTs need not be tested if the tensile strength of the new welded band
is equal to, or greater than, the original.

11.4 Sampling plan IV: Alternative construction

Applicable to any tension band construction such as tension band only, tension band with
tape, rim band, etc. Alternative construction consists of variation in construction in any of the
following:

11.4.1 Size AN

New size| within a diagonal size range previously tested for the CRT praqufacturer:

11.4.2 Deflection angle

New deflection angle within a range previously tested for a

11.4.3 QGlassware supplier

Glasswate supplier previously used by the CRT pra

11.4.4 Glassware thickness

hore than
dered an

Glasswa
+10 % a
alternatie construction.

11.4.5 Resin

Resin usgd in t S is considered an alternative construciion if the
tensile sirength © N of tested

resin to 4 In) will be
accepted

and only
(without {

12 Normati i CRTs)

Sampling and testing for new construction (sampling plan I) and alternative construction
(sampling plan IlI) will be used when any of the following new construction features or
variations in construction apply. Unique constructions may require a special investigation.

12.1 Sampling plan I: New construction

Applicable to first-time testing for a CRT manufacturer or change in construction of a
previously tested CRT that employs any of the following nominal design variations:

12.1.1 Size

New CRT diagonal size range (see table 7).
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12.1.2 Deflection angle

New deflection angle range for a particular CRT size range (see table 7).

12.1.3 Glassware shape

Glassware in a particular CRT size and deflection angle range, having the following shape
variations, is considered a new glassware shape:

a) front panel curvature and corner radius — a change in height measurement from the Z
point to the centre of the face panel of more than +10 % from a previously tested CRT for
a CRT manufacturer;

previpusly tested CRT fora C

el from a

ﬁy point,

RT manufacturer;

c) glassware thickness — a change in glassware thickness of morg
other|than the neck, from a previously tested CRT for a CRT ma

12.1.4 Glassware supplier
idiaries gf present

ocesses and quality
em, are not considered to be

New glagsware supplier not previously used by the CR
glasswarg suppliers who use the same chemistr
control afrangements, under a common quality ma
new suppliers.

12.1.5 Resin

New res range, deflection angle range and

glasswarp shape.
12.1.6 Resin thickness

A changg in resi@:

12.1.7 F

A changg i

12.2 S%

Consists

12.2.1 Sjzé

New size within a diagonal size range previously tested for a CRT manufacturer.

12.2.2 Deflection angle

New deflection angle within a range previously tested for a CRT manufacturer.

12.2.3 Glassware supplier

Glassware supplier previously used by the CRT manufacturer in another size range.
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12.2.4 Glassware thickness
Glassware whose thickness varies from the glassware originally tested by more than +10 %

and less than, or equal to, +20 % at any point other than the neck, is considered an
alternative construction.

12.2.5 Resin

New resin for a size within a size range previously tested for that particular resin.

12.2.6 Resin thickness

A Chang\_ intresin-thickness—of-more-than=+=10-%-butless +han, fa¥d nqllal fn/t’}\o :

13 Nor

struction
tures or
tion.

Samplind
(samplin
variation

13.1 Sa

Applicable to first-time testing for a 1R € tion of a
previousl 9 ‘

13.1.1 B

New bon =20 %.

13.1.2 B

A changsd

13.1.3 F

A decrea

Applicab

13.2.1 Bonding material

Bonding material previously tested for a CRT manufacturer but used in a different size range
(see table 7).

13.2.2 Bonding material thickness

A change in bonding material thickness of more than +10 % and less than, or equal to, +25 %.

13.2.3 Front panel thickness

A decrease in front panel glass thickness in the range of 10 % to 25 %.
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Table 1 — Sampling and test programme for prestressed banded CRTs
exceeding 160 mm diagonal

Thermal conditioning Impact and implosion test groups
. Circulating air chamber Number of CRT.S to b_e tested
Sampling . as described in
plan CRT design? Number
of CRTs Temp RH Time 8.1 8.3 8.2
°Cb % h (ball)c (thermal) | (missile)
Group A | Group B | Group C
1 New construction 5 - - - 2 1 2
4 150d - 48d 2,7 1 1
4 50 90 - 95 48 1 1
4 N - © \\2 1 1
1 Negw construction 12 - - - 6 \2\ 4
with previously tested
tape or resin
1l Tepsion band only and 9 - - ‘4 2 3
alternative tension band
v Alternative construction 6 - / - \9 1 2
a  See clauge 11 for details of the requirements regarding cha @S i res.

b The toleraince of the oven temperature shall pe

¢ CRTs no{ visibly damaged in this test may als 8 sts described in 8.2 and 8.3. If p CRT vyields
unacceptpble results in either of these tests, th { d inconclusive and disregarded. A new

CRT shall be tested in its place, as previous tgsting mlgh h akened the CRT.
d  QOther Arfhenius based time/temperature combpi \g 16 the principles of IEC 60216-1) may be used
(for example, 140 °C for 96 h 13 r 336 or 110 °C for 672 h).

e CRTs shall be thermally 2 >“at the rate of two cycles per day for g total of five
cycles and held at each t

S S
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Table 2 — Sampling and test programme for prestressed banded CRTs
from 76 mm to 160 mm diagonal
Thermal conditioning Impact and implosion test groups
. Circulating air chamber Number of CRT.S to b_e tested
Sampling . as described in
plan CRT design? Number
of CRTsf Temp RH Time 9.1 9.3 9.2
°Cb % h (ball)c (thermal) | (high ball)’
Group A | Group B | Group C
1 New construction 5 - - - 2 1 2
4 150d - 48d 2,7 1 1
4 50 90 - 95 48 1 1
4 N - © \\2 1 1
1 Negw construction 12 - - - 6 \2\ 4
with previously tested
tape or resin
1l Tepsion band only and 9 - - ‘4 2 3
alternative tension band
v Alternative construction 6 - / - \9 1 2
a  See clauge 11 for details of the requirements regarding cha @S res
b The toleraince of the oven temperature shall pe
¢ CRTs no{ visibly damaged in this test may als sts described in 9.2 and 9.3. If p CRT yields
unacceptpble results in either of these tests, th d inconclusive and disregarded. A new
CRT shall be tested in its place, as previous tgsting mlgh h akened the CRT.

(for exam

CRTs sh
cycles an

f Test9.2is only apy&e{if

il be thermally
d held at each t

may be used

d total of five

N\
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Table 3 — Sampling and test programme for bonded frame CRTs exceeding 160 mm diagonal

Thermal conditioning Impact and implosion test groups
; ; ; Number of CRTs to be tested
Sampling . Circulating air chamber as described in
plan CRT design? Number
of CRTs Temp RH Time 8.1 8.3 8.2
°Cb % h (ball)c (thermal) | (missile)
Group A | Group B | Group C
| New construction 5 - - - 2 1 2
4 150d - 48d 2 1 1
a 50 90 - 95 48 o/ 1 1
4 e - e /}& A \ 1
1 Alfernative construction 6 - - - \\S\ 1 2
a  See clauge 12 for details of the requirements regarding changes in design f es)

b The tolerince of the oven temperature shall be +2 °C.

¢ CRTs nof visibly damaged in this test may also be subjected to the tésts descxibeq ™ 8.2 and 8.3. If p CRT yields
unacceptpble results in either of these tests, the results shall be idered indenclus d disreg@rded. A new
CRT shall be tested in its place, as previous testing might have/Aveakened thexCRT.

d  QOther Arfhenius based time/temperature combinations (according(to/the priaciple IEC 60216-1) jnay be used
(for example, 140 °C for 96 h, 130 °C for 168 h, 120 °C fof 3

e CRTs shall be thermally cycled between —40 ° +70 °
cycles anld held at each temperature extreme

cycles per day for g total of five

Table 4 - lingand t st Prog am for bonded frame CRTs
m 76 60 diagonal
erm conditioning Impact and implosipn test groups

. %ulating air chamber Number of CRT? to b_e tested
Sampling as descrihed in

plan CRT designh? Nu
CRTsf Temp RH Time 9.1 9.3 9.2
°Cb % h (ball)c (thermal) | (high ball)f

\ \> Group A | Group|B | Group C
| N structign 5 - - - 2 1 2
4 150d - 48d 2 1 1
4 50 90 - 95 48 2 1 1
4 € - © 2 1 1
] Alternative construction 6 - - - 3 1 2

a  See clause 12 for details of the requirements regarding changes in design features.
b The tolerance of the oven temperature shall be 2 °C.

¢ CRTs not visibly damaged in this test may also be subjected to the tests described in 9.2 and 9.3. If a CRT yields
unacceptable results in either of these tests, the results shall be considered inconclusive and disregarded. A new
CRT shall be tested in its place, as previous testing might have weakened the CRT.

d  Other Arrhenius based time/temperature combinations (according to the principles of IEC 60216-1) may be used
(for example, 140 °C for 96 h, 130 °C for 168 h, 120 °C for 336 h or 110 °C for 672 h).

e CRTs shall be thermally cycled between —40 °C and +70 °C at the rate of two cycles per day for a total of five
cycles and held at each temperature extreme for 4 h.

f Test 9.2 is only applied if implosion or rapid devacuation does not occur in ball test 9.1.
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Table 5 — Sampling and test programme for laminated CRTs
exceeding 160 mm diagonal

Thermal conditioning Impact and implosion test groups
. (?irculating Number of CRT_s to l?e tested
Samg::ng CRT designa Number air chamber as described in
of CRTs Temp Time 8.1 8.3 8.4
°Cb h (ball)c (thermal) | (high energy)
Group A | Group B Group C
| New construction 5 - - 2 1 2
5 150d 48d 2 2
] Alternative construction 5 - - 2 2
a  See dause 13 for details of the requirements regarding changes in design fe
b The tplerance of the oven temperature shall be 2 °C.
¢ CRTs|not visibly damaged in this test may also be subjected to the test | 1f a CRT
yieldg unacceptable results in either of these tests, the result sive and

ned the CRT.

C 60216-1) may be
°C fo 672 h).

disregarded. A new CRT shall be tested in its place, as previous t

d  Other| Arrhenius based time/temperature combinations (acc ding
used [for example, 140 °C for 96 h, 130 °C for 168 h, 120 ¢ fo/%se r1

Table 6 — Sampling and test p gr meor Ia inated CRTs

from 76 to iago
Th rmé\ \gltl\\g\/ Impact and implosion tesf groups
. _' culating Number of CRT_s to b_e tested
Samg:ng CRT desibna Nu . air chainber as described in
of T mp Time 9.1 9.3 9.4
A \\§b h (ball)c (thermal) (hi$h energy)
Group A | Group B d;roup Cc
| New constructign 4 - - 2 1 1
150d 48d 2 1 1
I Alt%ati\%t\{ctiﬁ\ 3 - - 1 1 1
a Seed tails okthe requirements regarding changes in design features.
b Thet emperature shall be +2 °C

¢ CRTs|not visib ged in this test may also be subjected to the tests described in 9.3 and 9.4 If a CRT
yieldg unacceptabl¥ results in either of these tests, the results shall be considered inconclysive and

di ool A ORTeloalltoa—i PR BT Y 1 H " " eradla 1 aldlo. CRT
ISregaraet—rew-CrrSsamr e testet s pPrace as—previousrestmg-montave-weakeeame—U -

d  QOther Arrhenius based time/temperature combinations (according to the principles of IEC 60216-1) may be
used (for example, 140 °C for 96 h, 130 °C for 168 h, 120 °C for 336 h or 110 °C for 672 h).
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Table 7 — CRT size and deflection angle ranges

CRT diagonal size range Diagonal deflection angle
mm degrees
Prestressed Prestressed
Laminated banded and Laminated banded and
construction bonded frame construction bonded frame
construction construction
76 - 160 76 - 160 40 - up 40 - 69
161 - 320 161 - 255 70 - 99
321 - 520 256 - 350 100 - 112
o1 - 09U S0l - 40U I'Ts(-up
691 - 850 461 - 540
541 - 640
641 - 740 N
741 - 890
891 -1 200 Q \

o
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NOTE 1 A cabinet i
be made off

plywood,
NOTE 2 An opening
whichever |s the sm
implosion.

Access hole

IEC 1643/2000

plywood or metal of similar strength. The front

han one-quarter of the area of the face of the CRT
e bottom or rear of the cabinet for air intake in the

gure 1 — Example of a test cabinet

panel shall

br 0,02 m?2,
bvent of an
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Steel ball
/Measuring rod
Cabinet T~
AN
@
C——))
7 /]
7y /L
\él/——é\’
</\
N
- BlanKet or carpet

Plane of barrier

=]

\ IEC  1644/200)

e of a ball impact test
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Spherical radius

25
|
|
29
o5 /N

158

IEC 1645/2000

NOTE Allfli

Figufe 3 — Example of a 2,3 kg steel missile
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Measuring rod

N

Steel missile — Missile penetration

ﬂ‘restraim and chain
AN

R —— J/
iz
' ~&/

Cabinet

IEC 1647/2000
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\; 1648/2000

NOTE All|linear dimensions are in millimetres.

s by the thermal shock method
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Adjustable cover
for pin alignment

»
Steel weight
Fixed guide
N
T~

Adjustable,

IEC 1649/2000

O Y rs L dfrd " — . o L al o al : al
NOTE Ad Uust TiTciyiit Ul aujustdulic  osiallu 1T osutlt a  wdady tiat,  WITeTh e WeTyrtt TS e pPirtT, — uic

penetration of the pin into the CRT will be a maximum of 6 mm.

Figure 7 — Example of high-energy impact test set-up

amount of
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178-305

NOTE All|linear dimensions are in millimetres

Kigure 8a — Example of steel pin fe : edi mm face diagonal usegd

N\

IEC 1651/2000

NOTE All linear dimensions are in millimetres.

Figure 8b — Example of steel pin for CRTs from 76 mm to 160 mm diagonal used
in high-energy impact test
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[ 76,2 —

127

NOTE All|linear dimensions are in millimetres,

Figure 9a — Example of 4,5 kg Weight used

AR

N\

IEC 1653/2000

NOTE All linear dimensions are in millimetres.

Figure 9b — Example of 0,45 kg weight used in high-energy impact test on CRTs
from 76 mm to 160 mm face diagonal
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Figure 10 — Example of 1,4 kg steel missile

IEC 1654/2000
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Annex A
(informative)

Background to the development of this standard

At its meeting in Eindhoven on 8-9 November 1994, IEC TC 39 noted that a confusing and
costly situation had developed worldwide concerning the certification of the mechanical
strength of cathode ray tubes (CRTs). The current clause 18 of IEC 60065 was still being
used in most countries and had proved to be satisfactory to them The binational standard

UL 1418/ in_the North
Americar K B1/NP to
develop i After the

voting stage it was clear that sufficient support existed and Working Ggoup Was esf ablished
comprising experts from Canada, ltaly, Japan, Korea, The ngdom,
United S{ates of America and Germany.

IEC 60085 is an equipment standard under the responsibiti K¢ . ndertook
the task pf creating a new standard intended to replace cla B , in[line with
the IEC policy that component requirements should be i i andards,
in the dejelopment of which due notice should be\given irements
(Adminisfrative Circular No. 71/1988).

At its first meeting, TC 39/WG 2 noted that, In f IEC 60065 and the binational
UL/CSA ptandard were the two docu i gtandards
are similar in approach to testing. The ditioning regimes and tests| to prove
the mechanical strength and e implosion or rapid devaduation of
the CRT|. Both standards rotection
systems.

Over 30|years' hat time,
CRT technology with the
evolution| of larger G i 3 ion need
to be addressed.

This stan

e envird
o test and\requirements which demonstrate that the CRT is mechanically strong
enough to\witF d i i i b that the

viewef is;adequately protected against injury;

e test methods and requirements which demonstrate that, in the event of an implosion or
rapid devacuation of the CRT, the implosion occurs in a controlled manner;

e detailed sampling tables which specify the numbers of CRTs to be tested to certify new
designs and changes in design or construction;

e dedicated test methods and requirements for small CRTs (76 mm to 160 mm diagonal) and
large CRTs (exceeding 160 mm diagonal).

During the development of the new standard, the TC 39 WG 2 members carried out extensive
testing programmes and calculations to demonstrate that the proposed new test methods
ensure protection for the users of the CRTs which are covered by the standard, and that the
stringent requirements of either of the existing standards are not degraded. The conclusions
of these findings are summarized as follows:
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A.1 Mechanical strength test

61965 © IEC:2000(E)

a) The ball impact test attempts to simulate the situation where the CRT can be struck by any
likely domestic object. The shape and energy of such objects will vary enormously and the
choice of a single device size and energy for this test is in order to ensure standardization
i.e., an easily reproducible and repeatable test with the minimum of variability.

b) The 40 mm/5,5 J ball test was selected as it was already in use in IEC 60065 and was
optional in the binational standard. Testing showed it to be generally equivalent to the use
of the 51 mm/7 J ball when combined with the use of a single barrier at 1,5 m.

c) From ballistic and statistical calculations the kinetic energy of a 0,025 g particle

(the maximum size permitted by this standard)
maxirmum—patticle—speed—is—atourd—4—m 9 m o

mass|and higher velocity than this).

A.2 Implosion test

Due to the introduction of larger CRTs having thickep'face plates

screens,
test. In @
larger im

it is not possible, in some cases, to induc
rder to evaluate the effectiveness of the\in

A.3 Sn
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A.4 Evpluation.i
As the in gt;

only the
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evaluate

is of the order of 1x10-4 J and the

oyeisaeghgible with
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Annex B
(informative)

Velocity and potential force of glass particles expelled
from a CRT subjected to a ball impact -
Ballistic and statistical calculations

B.1 Introduction

An assignment was given to determine the potential force of glass particles passing over the
test set-up barriers after being expelled from a tested CRT subjected to_a aII impact test.
The test

in this standard. The equwalent mstantaneous force of a glass particlg’ with a_spegified mass
of 25 mg|at a given distance then needs to be determined. This canth fpared to
IEC 60045, clause 18, in which a particle of 10 g is allowed to reach\the\ba }w

A glass particle will be expelled at a vertical height of 1,0.n g Ny 3 minimum
velocity tp pass over a 0,25 m barrier placed at 0,9 m in ore soluti ) infthe other
(figure B[1). If possible, air resistance should be factored.i ti tion, any
available| information on medical studies determining S ired to lacerate human

skin is to|be acquired.

1,0m

NN =

\) IEC 1655/2000

4
The objetti th|s nnex is to investigate the velocity and potential force of glass|particles
expelled oding CRT. In this annex, the analysis of a glass particle With, and

without, ainfriction influences is described. Finally conclusions are drawn.

B.2 Analysis without friction
B.2.1 Introduction

After a glass particle is expelled from the CRT screen, the primary forces acting on the
particle are the gravitational force and the air friction. In this clause the trajectory of a glass
particle is determined as it is expelled from a CRT screen with a certain velocity and angle.
First, the analysis without air friction influences is described because this enables the
equations of motion to be solved analytically. Furthermore, due to the shape of the particles,
the air resistance is probably very small. The trajectory of the glass particle then has a
parabolic shape. This is shown in figure B.2.
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In the UL/CSA test set-up a barrier with a height 4 is placed at a distance I» from the screen.
In the IEC test set-up, the barrier is placed at a distance /4. The values for the set-up
parameters are given in table B.1. The implosion protection system of CRTs assures that
glass particles with a mass of 25 mg will not exceed the respective distances.

A
y A

N Trajectory

4

B.2.2 é

Figure B.

velocity

A

Table B.1 —VQDeio the

B alues
m

o
>

N 0,25

¢ h\ 0,75
\/\11 1,5
N 0,9

656/2000

ss particle

3 shows\the definition of a glass particle that is propelled from the CRT with[ an initial
o\nder an~angle 8. The only force acting on the particle is the gravitatiopal force.

Newton’s Taw can then be uSed 1o determine the Torce equilbrium In x- and y-direction:

where
m is the

may =0

may = 0

mass of the glass particle in kg;

ay is the acceleration of the particle in x-direction in m/s2;

ay is the acceleration of the particle in y-direction in m/s2;

g isthe

gravitational acceleration of 9,81 m/s2.
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These relations can be integrated twice with the initial conditions as shown in figure B.3. This
results in the following displacement equations:

X=vyCOS fxt

. 1
y=v08|nﬂxt—5gt2

where
x is the displacement in x-direction;

y is the displacement in y-direction;
vo is thepinitiabvelesity: N

B is the|initial angle at which the particle is expelled;
t is the|time.

NOTE The time derivative of the displacement is the velocity and the t
acceleratiop.

gcity is the

IEC 1657/2000

ition of the initial angle and initial velocity
d the forces acting on a particle

o reach a prescribed distance

The unknowns/in“the €quations of motion are the initial velocity vy and the time ¢. The initial
angle p needs to be prescribed. Therefore, the required initial velocity depends on the value
for B. The known values are x = Iy or I> and y = i (table B.2 and figure B.1).

There are two equations with two unknowns. To solve the equations a relation for ¢ can be
determined from the first equation and substituted in the second equation:

X
voCos B

X=Vv9COSBXt—t=

2
y=vq Sinﬁx; lg{;)

vy cos 8 2 vy COs 8
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This can be rewritten to obtain the following relation:

.
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2
gx

2xsin Bcos B —2y cos? B
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Figure B.4 shows the initial velocity that is required to pass over the barriers at x = [4
(solid line) or x = > (dashed line) as a function of the initial angle B. The curves can be
interpreted as follows:

o if the initial angle B is 0° then glass particles with a velocity higher than 3,8 m/s will pass

overb

oth barriers;

o if thelinitial angle S is 0° then glass particles with a velocity lower

within

o if thelinitial angle § is 0° then glass particles with a velocity highe
than 8,8 m/s will fall outside the barrier at 0,9 m and inside ¢the barxierof

It can be

passed for any value of the initial velocity if the values fe

The limit|to the velocity is defined by the bounda

the barrier of 0,9 m;

the denominator in the root equation has_a val

Table B.2

An uppé
velocity i

-26,7°

-39,8°

Il remain

}d lower

infinity if

e for the
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