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Preface (UL)

This UL Standard is based on IEC Publication 61965: Second edition, Mechanical safety of cathode ray
tubes. IEC publication 61965 is copyrighted by the IEC.

This edition has been issued to satisfy UL Standards policy to reflect reaffirmation of ANSI approval.

The text, figures and tables of IEC Publication Mechanical safety of cathode ray tubes, 61965 copyright
20083 are used in this Standard with the consent of the IEC and the American National Standards Institute
(ANSI). The IEC copyrighted material has been reproduced with permission from ANSI. ANSI should be
contacted regarding the reproduction of any portion of the IEC material. The IEC Foreword and

Introduction
only. Copies
York, 10036

Note
that

UL Effective Date

UL 61965, 3

A UL effecti

approved standard.

are not a part of the requirements of this Standard but are included for informat
of IEC Publication 61965 may be purchased from ANSI, 11 West 42"9 Street)\Ne
(212) 642-4900.

— Although the intended primary application of this Standard is stated in its Scope, it is im
t remains the responsibility of the users of this Standard to judge its suitability for their part

econd Edition, is now in effect.

ve date is one established by Underwriters Labotatories Inc. and is not part

on purposes
w York, New

portant to note
cular purpose.

of the ANSI
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NATIONAL DIFFERENCES

GENERAL

National Differences from the text of International Electrotechnical Commission (IEC) Publication 61965,
Mechanical safety of cathode ray tubes, copyright 2003 are indicated by notations (differences) and are
presented in bold text.

There are five types of National Differences as noted below. The difference type is noted on the first line
of the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - These|are National Differences based on the national regulatory requirements.

D1 - These|are National Differences which are based on basic safety principles,and refjuirements,
elimination gf which would compromise safety for consumers and users of produ¢ts.

D2 - Thes¢ are National Differences based on safety practices. These are differenges for IEC
requirements that may be acceptable, but adopting the IEC requirements would require fonsiderable
retesting or redesign on the manufacturer’s part.

DC - These| are National Differences based on the component standards and will not be [deleted until
a particular gomponent standard is harmonized with the IEC. cemponent standard.

DE - These|are National Differences based on editorial,comments or corrections.

Each national difference contains a description of what the national difference entails. Typically one of the
following wofds is used to explain how the text offthe national difference is to be applied to the base IEC
text:

Addition / Add - An addition entails adding a complete new numbered clause, subglause,
table, figure, or annex. Additionis not meant to include adding select words to the blase IEC
text.

Modification / Modify * A modification is an altering of the existing base IEC text suich as the
addition, replacement or deletion of certain words or the replacement of an entire clause,
subglause, tablé;figure, or annex of the base IEC text.

Deléetion./.Delete - A deletion entails complete deletion of an entire numbered clauge,
subglause; table, figure, or annex without any replacement text.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MECHANICAL SAFETY OF CATHODE RAY TUBES
FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of 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, IEC publishes

International St
Their preparati
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participate in th
with conditions

2) The formal g
opinion on the

3) IEC Publicat
sense. While a
held responsibl

4) In order to p
maximum exte
corresponding

5) IEC provides
be in conformit

6) All users shd

7) No liability s
technical comn
whatsoever, wh
reliance upon, 1

8) Attention is d
correct applicat

______________________ Dorosic o &

bn is entrusted to technical committees; any IEC National Committee interested in the subject
is preparatory work. International, governmental and non-governmental organizations liaiSing ‘wit
s preparation. IEC collaborates closely with the International Organization for Standardization (ISO
determined by agreement between the two organizations.

ecisions or agreements of IEC on technical matters express, as nearly as possible, an internation
elevant subjects since each technical committee has representation from all interested IEC National

ons have the form of recommendations for international use and are accepted by IEC National Col
| reasonable efforts are made to ensure that the technical content of IEC Publications is accurate
e for the way in which they are used or for any misinterpretation by any end user.

ht possible in their national and regional publications. Any divergence between any IEC Publ
ational or regional publication shall be clearly indicated in the latter.

no marking procedure to indicate its approval and cannot be rendered responsible for any equipn
with an IEC Publication.

uld ensure that they have the latest’edition of this publication.

hall attach to IEC or its directors, employees, servants or agents including individual experts and
ittees and IEC Natignah Committees for any personal injury, property damage or other damagg
ether direct or indirect, or for costs (including legal fees) and expenses arising out of the publicg
his IEC Publication-or any other IEC Publications.

rawn to.the Normative references cited in this publication. Use of the referenced publications is indis|
on of this publication.

Publication(s)”).
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h the IEC also
in accordance

bl consensus of

Committees.

Inmittees in that
IEC cannot be

romote international uniformity, IEC National Committee$ undertake to apply IEC Publications tranpparently to the

cation and the
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tion, use of, or

ensable for the

9) Attention is drawn 0 the possSibility that some of the elements of this IEC Publication may be the subject of pa

shall not be hel

d responsible for identifying any or all such patent rights.

tent rights. IEC

International Standard IEC 61965 has been prepared by IEC technical committee 39: Electronic tubes.

This second edition cancels and replaces the first edition published in 2000. This second edition
constitutes a technical revision.

The main change with respect to the previous edition is the inclusion of the requirements for cathode ray

tubes with fil

m attached to the face plate.
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The text of this standard is based on the following documents:

FDIS

Report on voting

39/264/FDIS

39/265/RVD

Full information on the voting for the approval of this standard can be found in the report on voting

indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until 2005. At this

date, the puplication will he

¢ rgconfirmed;
e wfthdrawn;
* raplaced by a revised edition; or

e amended.
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INTRODUCTION

This International Standard sets forth test methods and limits for cathode ray tubes (CRTs). Originally, the
only IEC standard for the mechanical safety of CRTs had been contained within Clause 18 of the
equipment standard IEC 60065. Whereas that standard had been accepted and used by many countries,
many others were not able to implement its requirements because of differing local needs. IEC 61965 was
therefore published in 2000 with the aim of providing the basis for wider acceptance and use and
reflecting the current IEC policy of producing separate component standards to which equipment
standards can refer.

This 2nd edition covers the requirements for the CRTs with film attached to the faceplate as part of the

safety implo

Many years
used nationa

and statistical calculations were carried out to verify that the requirements of theyStandard gi

for users of
also done t(
alternative tdg

—

a)

b)
usin

As the impa
and not sub

5ion protection system.

bf experience had been built up in the use of both the IEC 60065 test andctfie’oth
| alternatives. During the development of IEC 61965, extensive test prégrammes

CRTs when the tubes are mounted in the equipment for which they are intend¢
ensure that IEC 61965 maintains the stringent requirements of both IEC 60
bsts in common use. These tests and calculations also confirmed

e acceptability of one standard ball for the mechanicél strength test, and

he need for the implosion test where it is not always possible to induce rapid d¢
p the ball impact test.

Ct tests in this standard are overstress tests; only the effect of rapid devacuation
bequent relaxation of mechanical stresses in the CRT from the implosion proteq

br commonly
and ballistic
e protection
ed. This was
D65 and the

bvacuation

is evaluated
tion system.
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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 including electrical and electronic
measuring and testing equipment, information technology equipment, medical equipment, telephone

equipment, television equipment and other similar electronic apparatus.

This standa
enclosure fg
safety scree

A CRT cove|
rear of the g
the user agg

This standand contains requirements for CRTs of 76 mm diagonal,and larger that incorporg

protection s
face. There

Compliance
(large CRTs
and small C

NOTE
(CRTE) as described in IEC 60065 (clause\18), which will be modified accordingly.

2 Normative references

The followin
references,

document (imcluding any amendments) applies.

IEC 60065:2
Audio, vided

d is intended to apply only to those CRTs in which the face of the CRT_form
r the apparatus. The test methods do not apply to CRTs which are proteeted
nSs.

red by this standard is intended to be installed in an enclosure @designed both t

RT against mechanical or other damage under normal conditions’of operation a
inst particles expelled in a backwards direction from the CRT)face in the event

stems providing protection against the hazards of, particles expelled forwards
s no intended protection against particles expelled.in other directions.

is tested by subjecting CRTs to the test proeedures and criteria which are given
RTs are given in Clause 3.

This set of requirements replaces the current requirements for the mechanical safety of cat

p referenced documents are indispensable for the application of this documer
bnly the edition.cited applies. For undated references, the latest edition of th

001
and.similar electronic apparatus — Safety requirements

5 part of the
by separate

b protect the
nd to protect
bf implosion.

te implosion
beyond the

in clauses 8

, 9 (small CRTs) and 10 (CRTs with protéctive film) of this standard. The definifions of large

hode ray tubes

t. For dated
b referenced

IEC 60068-

1988

Environmental testing — Part 1: General and guidance Amendment 1 (1992)

IEC 60216-1

:2001

Electrical insulating materials — Properties of thermal endurance — Part 1: Ageing procedures and

evaluation o

f test results

ISO 527-1:1993
Plastics — Determination of tensile properties — Part 1: General principles

ISO 527-3:1995
Plastics — Determination of tensile properties — Part 3: Test conditions for films and sheets
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ISO 8510-1:1990
Adhesives — Peel test for a flexible-bonded-to-rigid test specimen assembly — Part 1: 90 degree peel

3 Definitions

For the purp

oses 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 — Nominal diagonal of the glass envelope at its maximum dimension (

for example,

mould-match
3.3 CRT EN
3.4 DEVAC

3.5 FRACT
the CRT en

3.6 GLASS

3.7 IMPLOS
usuallly accq

3.8 LAMINA
the CRT.

3.9 PREST]
CRT rim are¢
also include
the rim band
parts.

3.10 PRES]
banded cons
component

3.11 SHALI

line) excluding any hardware.
VELOPE - Structure consisting of a face or faceplate, funnel and neck assemb
UATION — Equalization of the pressure in a CRT relative to the ambient pressu

JRE — One or more cracks in the faceplate or funnel causing.a rapid or slow de
elope.

PARTICLE — Piece of glass that exceeds 0,025 g in_weight.

ION — Devacuation due to the rapid and sudden inward collapse of a CRT envs
mpanied by a loud report.

RESSED BANDED CRT - System that employs a metal tension band (located d
a) that is tightened by thermal shrinking, or other means, to a tensile load. The
a metal rim band located bétween the tension band and the CRT rim. The tens
or both may have an interlayer of tape, resin or the equivalent placed between

[RESSED BANDED CRTs WITH PROTECTIVE FILM — System employing a pr
truction (see 3.9) that also includes a layer of film adhered to the CRT face as
f the protection system

NG —Condition where the glassware splints into thin layers.

3.12 TEST

CABINET — Enclosure which is used to accommodate the CRT d||ring tosts

ly.

o

vacuation of

tlope,

TED CRT — System that provides a sepadrate external safety panel bonded to the face of

ver the

system may
on band or
the mating

pstressed
an integral

3.13 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.

3.14 LARGE CRT - CRT with diagonal dimension exceeding 160 mm.
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3.15 SMALL CRT — Rectangular CRT with a minor face dimension of at least 50 mm, a minimum
diagonal dimension of 76 mm and a maximum diagonal dimension of 160 mm; a round CRT of a
minimum diameter of 76 mm and a maximum diameter of 160 mm.

3.16 COMMON QUALITY MANAGEMENT SYSTEM - Quality management system described in
documentation which is identical with systems used in two or more plants and under one central control
and management.

4 General Requirements

4.1 Corrosion protection

If corrosion ¢f a metal part will contribute to a failure to meet the requirements of this standard, then the
part shall bel adequately protected against corrosion.

4.2 Mechanical damage

To improve tepeatability and reproducibility of test results, it should be verified.that samples $ubmitted for
test have nd external visible scratching on the surface of the face plates,

4.3 Handling
Safety precgutions should be addressed when handling test samples prior to, and after testipg.
4.4 Film copted CRTs

In the case ¢f CRTs with film which is not an integrakpart of the implosion protection system| the product
must be tested without film in accordance with Tables 1 and 2 and 6 to 9.

5 Environmental Conditioning
5.1 Standard atmospheric conditions for testing

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

— relative humidity:

— air pressure:

15°C to 35°C:

25% to 75%

86 k Pa to 106 kPa

5.2 Preconditioning

Before CRTs are subjected to thermal conditioning or to testing they will be allowed to stabilize at standard

atmospheric
5.3 Therma
Details of th
the CRTs W

minimum pe

6 Sampling

6.1 Sampling plans

Details are ¢
6.2 Sample|

The number
3, and 4, forf

NOTE

NOTE

in ca

6.3 Compliance

All CRTs in
CRT from al
subjecting &
construction

7 Test Prep

conditions for testing (see 5.1) for a minimum period of 16 h.

| conditioning

brmal conditioning are given in Tables 1 to 9. After thermal conditioning has.bee
ill be allowed to stabilize at standard atmospheric conditions for testing” (se
Fiod of 24 h.

iven in Tables 1 to 9.
numbers

5 of CRTs and the test programmes for prestressed banded CRTs are given in
bonded frame CRTs in Tables 6 and 7 and for laminated CRTs in Tables 8 an
1 Additionally, the number of samples for film-adhesion testing are given in Table 5.

2

a test group shall.comply with the test requirements for that group, except tha

second test*group to the set of tests during which unacceptable results oq

aration and Set-up

is acceptable if all CRTs in the second test group comply with the requirements.

h completed,
e 5.1) for a

Tables 1, 2,
i 9.

In addition to the quantities speeified in the tables, additional samples shall be made available for use
ke of retest to satisfy the intent ©f the requirement.

, if only one

the test groups-does not comply with the requirements, acceptability may be d¢termined by

curred. The

7.1 Scratch

patterns

As the form and depth of the scratch patterns may affect the force which is needed to obtain implosion or
devacuation of the CRT, it is recommended that the scratches be made using a diamond- or
carbide-tipped stylus, a glass cutter with a wheel of hardened steel or other similar tools.
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7.2 Barriers

Barriers as specified in the test procedures, each made of 10 mm to 20 (+0/-3) mm thick material, 250
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 th

e floor.

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

the barrier.
7.3 Mounting
The CRT shall be mounted in a test cabinet of rigid construction and of suitable dirhensions that does not
permit a gap or opening wider than 6 mm around the CRT (see Figure 1). Theé)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 ate not available, the preferred
mounting method shall be behind the front panel unless design features.do not allow this cgndition.
A hole of sujtable area shall be provided at the top of the cabinet to allow access to the funrjel. This hole
shall be covered during the impact test.
An opening having an area of not less than one-quarter of the area of the face of the CRT| or 0,02 m?,
whichever i the smaller, shall also be provided in the bottom or rear of the cabinet for air jntake in the
event of an [mplosion.
The cabinet [shall be firmly supported so as to prevent movement during the test.
7.4 Mounting position
The centre gf the CRT shall be (1,00 £0,05) m above the floor.
8 Testing df Large CRTs
8.1 Mecharical strength (ball impact test)
8.1.1 Test grocedure
A solid smopth steel ball of (40 +1) mm dlameter and mass of (260 +15) g, mcludlng the [hook, and a
minimum C & a fine wire or

chain with a mass not exceedlng 10% of the mass of the ball and the hook It shaII be aIIowed to fall freely
as a pendulum from a calculated height and strike the face of the CRT with an energy of (5,5 £0,1) J. The
CRT shall be placed so that the face is vertical and in the same vertical plane as the point of support of
the pendulum. A single impact shall be applied to any point on the CRT face at a distance of 40 mm or
greater from the edge of the useful phosphor screen.

NOTE The test laboratory should consider all their test set-up uncertainties to ensure this 40 mm minimum
position of the point of impact.

The barrier shall be placed 1,5 m from the plane of the centre of the face of the CRT (see Figure 2).
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8.1.2 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 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.

8.2 Implosion test (missile)

8.2.1 Testp

The face of
edge into th

The impact
minimum C

The CRT sh
energy withi
impact of no
test group.

The impact
one-sixth of
of the useful
shall be app

NOTE

The impact g
equal to, or

Barriers sha
Figure 5).

If no CRTs d
shall be carrn

rocedure

the CRT at the top and bottom shall be scratched (3 £1) mm from the (screen
b viewing area. The scratches shall be horizontal lines (100 £5) mm long.

object shall be a steel missile (see example in Figure 3) with-a ‘mass of (2,3
scale Rockwell hardness of 60 and having one end rounded on a radius of (25

all be subjected to a single impact, intending to cause rapid devacuation using {
n the range. The impact object shall be swung through an arc of a pendulum
t less than 7,0 J and not more than 14,0 J to causé.rapid devacuation of the sg

area shall be the area bounded by two concentric circles where the radius of
he height of the useful phosphor screenand the second circle radius is one-half
phosphor screen less 50 mm (see Figute 4). In Figure 4, if R, is less than R; the
ied to the circle specified in R;.

ess than 25 mm (See*Figure 5).

| be placed 1,0'm and 1,5 m from the vertical plane of the centre of the face of t

evacuate as a result of this test then the alternative implosion test (missile) desc
ied\out.

or phosphor

+0,1) kg, a
+0,5) mm.

he minimum
to obtain an
mples in the

one circle is
of the height
n the impact

Previous testing experience on a particular CRT design (obtained from the CRT manufactiyirer or the test
laborjatory) should be considered whén'selecting the energy level within the range and the impacf

location.

bject travel shall be restricted so that the rounded end of the missile penetrates the CRT face

ne CRT (see

ibed in 8.2.3
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8.2.2 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 single piece of glass having a mass greater than 15 g between the 1,0 m

and

1,5 m barriers;

b) The total mass of all pieces of glass between the 1,0 m and 1,5 m barriers shall not exceed

459

c) There shall be no single piece of glass having a mass greater that 1,5 g beyond the 1,5 m

barr
8.2.3 Altern
This alternaf
or may be u
to devacuatd
8.2.3.1 Tesi
As in 8.2.1,
of (1,4 +0,1
+0,5) mm.

8.2.3.2 Glas

As in 8.2.2,
8.2.2 are de

8.3 Implosi
8.3.1 Testp
The CRT sh
placed at (1

scratched or

A thermal sh

er.
btive implosion test (missile)

ive test shall be used as an additional test when the test in 8.2.1 has-devacuat
5ed as an alternative to the test in 8.2.1 when it can be shown that the 8.2.1 t¢
e at least one CRT of the sample group.

procedure

except that the impact object will be a steel missile\(see example in Figure 11)
kg, a minimum C scale Rockwell hardness of 60%and one end rounded on a

s throw criteria

f no CRTs devacuate as a result of.tfie test in 8.2.3.1, then the glass throw req
bmed to have been satisfied.

pn test (thermal shock)

rocedure

all be mounted-in-the test cabinet which is described in 7.3 and 7.4. The ba
50 £2) mm from’the vertical plane of the centre of the face of the CRT. An 3

the faceplate sidewall or face of the CRT using one of the patterns illustrated i

ock shall be applied using one of the following methods.

bd no CRTSs,
st is unlikely

with a mass
adius of (15

uirements of

rier shall be
rea shall be
n Figure 6.

a) iquir*l nifrngnn
The scratched area shall be cooled using liquid nitrogen until a fracture occurs. A dam
of modelling clay or equivalent may be used to contain the liquid nitrogen.

b) Hot rod

The end of an ordinary flint glass rod, of suitable diameter (for example, 10
be heated until it is red hot and nearly fluid. The heated end of the rod shall

mm) shall
be pressed

firmly on the scratched area of the CRT. If devacuation of the CRT does not occur
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8.3.2 Glass

within 10 s then the rod shall be withdrawn and cold water poured slowly on

the

scratched area. If a devacuation cannot be induced by repeated applications of the hot

rod then the test shall be carried out using liquid nitrogen [see 8.3.1(a)].

throw criteria

A CRT is in compliance if, within 5 s of the initial fracture, no glass particle is expelled through the plane
of the face beyond the 150 mm barrier.

8.4 High-energy impact test

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

impact test.
8.4.1 Testp

A(@25+1)m
cabinet and

hardware extends back from the seal more than 3 mm so as to interfere with the placeme

then the pin
10A), having

end of its fall.

The height ¢
produce frag

If fracturing
maximum of
rapid devacy

The impact
shaling of th
to result in f

NOTE

The implosiq
travel restric
cabinet. Figy

m diameter steel pin (see Figure 9A) shall be inserted through the fidle at the tq

rocedure

placed on the CRT envelope (3 £1) mm behind the seal of the;faceplate and

shall be placed as close as possible to the hardware without.touching it. A weigh
a mass of (4,5 £0,1) kg, shall be caused to fall from a height so as to impact t
|

p of the test
unnel. If the
nt of the pin,
| (see Figure
he pin at the

f the test mass shall be adjusted to limit the amount of energy to the minimun required to

turing of the glassware, but not less than 7 J.

of the glass does not occur, the impact energy shall be increased in 7 J incfements to a

63 J using a new test sample each time until all the CRTs in the test group h
ation.

bnergy shall not be so large_as“to cause the pin to punch a hole with little or ng

e glassware. If this conditiof;does occur then a lower impact energy shall be s¢
acturing (7 J steps not Qecessary).

n pin shall be restricted so that its travel on impact shall be a maximum of 6

ave suffered

cracking or
lected so as

Previous testing experience on a particular CRT design (obtained from the CRT manufactiirer or the test
laborjatory) should be eonsidered when selecting the energy level within the range.

mm. The pin

ion assenbly shall be positioned so that its impact energy shall not be transferrg¢d to the test

res 8-9A, and 10A give examples of equipment that may be used.

Barriers sha

| be plnr\nrl 1,0 mand 1.5 m fromthe pl:\no of the centre of the face of the CRT.
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8.4.2 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 single piece of glass having a mass greater than 15 g between the 1,0 m

and

1,5 m barriers;

b) The total mass of all pieces of glass between the 1,0 m and 1,5 m barriers shall not exceed

459

c) T

here shall be no single piece of glass having a mass greater than 1,5 g beyond

barr

9 Testing gf Small CRTs

9.1 Mechar
9.1.1 Test

A solid smo
minimum C
chain with a
as a penduly
CRT shall b

the pendulum. A single impact shall be applied to any peint on the CRT face at a distance

greater from

NOTE
position of the point of impact.

The barrier 4

9.1.2 Glass

A CRT is ir

requirements:

a) T
past

er.

ical strength (ball impact test)
rocedure
pth steel ball of (40 £1) mm diameter and mass of (260~£15) g, including the

mass not exceeding 10% of the mass of the ball-and hook. It shall be allowed
m from a calculated height and strike the face of the CRT with an energy of (2,0
b placed so that the face is vertical and in the.same vertical plane as the point
the edge of the useful screen.

The test laboratory should consider all-their test set-up uncertainties to ensure this 25

hall be placed 0,6 m from the plane of the centre of the face of the CRT (see H

throw criteria

P

here shall*be no glass particle (a single piece of glass having a mass greater tf
the ©;6-m barrier;

the 1,5 m

hook, and a

scale Rockwell hardness of 60, shall be suspended by suitable means such as a fine wire or

to fall freely
+0,1) J. The
bf support of
of 25 mm or

mm minimum

igure 2).

compliance if-the’ expulsion of glass within 5 s of the initial impact meets {he following

an 0,025 g)

b) T

hetotal mass of all pinr\ne of glncc pnef the ﬂ,R m-barrier shall not exceed 0’1
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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 Testp

rocedure

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/w

Using a (40 £1) mm diameter steel ball having a mass of (260 £15) g and a minimum C sc

idth of the face of the CRT.

ale Rockwell

hardness of
impact tests
A new samp
or rapid dev

Barriers sha
2).

9.2.2 Glass

A CRT is ir

requirements:

p

a) T
and

b) T

45 ¢

c) Tl
barr

9.3 Implosi
9.3.1 Testp

As 8.3.1.

60, a CRT having other than a laminated implosion screen shall be subject
during which the impact energy shall be increased in 0,7 J increments until-fract

e shall be used for each test until all CRTs in the test group have been tested, w
bcuation occurring.

| be placed 0,6 m and 1,2 m from the plane of the centre of the/face of the CRT|

throw criteria

to additional
iring occurs.
ith implosion

(see Figure

compliance if the expulsion of glass within 5 s~of/the initial impact meets {he following

here shall be no single piece of glass having a mass greater than 15 g between the 0,6 m

1,2 m barriers;

he total mass of all pieces of glass:bétween the 0,6 m and 1,2 m barriers shall

here shall be no single piecg of glass having a mass greater than 1,5 g beyond
er.

pn test (thermal shock)

rocedure

not exceed

the 1,2 m
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9.3.2 Glass
As 8.3.2.

9.4 High-en

throw criteria

ergy impact test

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

impact test.
9.4.1 Testp

A (9,5 0,5)

rocedure

cabinet and
+0,02) kg, s

The height
required to [

If fracturing
a new test s

The impact
shaling of th
to result in f

NOTE

The impact pin shall be restricted so that its travel-on impact shall be a maximum of 6 mm. T

restriction ag
Figures 8, 9

Barriers sha
9.4.2 Glass

A CRT is in

requirements:

a) T
and

nall be caused to fall freely from a height so as to impact the pin at the end_of it

pf the test mass shall be adjusted to limit the amount of energy to‘the minin
roduce fracturing of the glassware, but not less than 2,7 J.

Df the glass does not occur, the impact energy shall be increased in 0,7 J incre
bnergy shall not be so large as to cause the pin to panch a hole with little or ng

e glassware. If this condition does occur then a lowerimpact energy shall be s¢
acturing (0,7 J steps not necessary).

sembly shall be positioned so that impact energy shall not be transferred to the
B, and 10B give examples of equipment that may be used.

| be placed 0,6 m and 1,2/m from the plane of the centre of the face of the CR]
throw criteria
compliance «f the expulsion of glass within 5 s after the initial impact meets

p

1,2.7r barriers;

mm diameter steel pin (see Figure 9B) shall be inserted through the hole in the top of the test
placed directly on the envelope seal line. A weight (see Figure 10B) having a nass of (0,45

s fall.

hum amount

ments, using

ample each time, until all CRTs in the test group have begn tested with rapid dgvacuation.

cracking or
lected so as

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

he pin travel
test cabinet.

!

he following

heres<shall be no single piece of glass having a mass greater than 15 g between the 0,6 m

b) The total mass of all pieces of glass between the 0,6 m and 1,2 m barriers shall not exceed

45 g

c) There shall be no single piece of glass having a mass greater than 1,5 g beyond the 1,2 m

barri

er.
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10 Testing of Prestressed Banded CRTs with Protective Film
10.1 General

For CRTs that employ a film layer on the CRT face that is an integral part of the implosion protection
system, the tests described in Clauses 8 and 9 shall be applied in accordance with Tables 3 or 4. The film
on all samples tested with the protective film attached shall first be scored as described in 10.2.
Additionally, the tests of 10.3 and 10.4 are required in accordance with Table 5.

NOTE In the case of CRTs with film which is not an integral part of the implosion protection system, this clause
does not apply and the product must be tested without film in accordance with Tables 1 and 2 and 6 to 9.

10.2 Film sporing pattern for CRTs with protective film
All samples subjected to the tests in Tables 3 and 4 with the protective film attached shalt'be cored along
both diagonals of the face for a minimum of 80% of the external glass dimension using one of the following
methods, atjthe CRT manufacturer’s option:

a) Ycoring shall be done with a tool and stylus as defined in Figure 7 and applied under the
following conditions:

tool orientation with respect to

- + 0.
glass surface: (90 + 10)%

— force: (42PN

— speed: 2 to 10 cm/s;

b) Scoring shall be done with a sharp utifity knife with a short blade to cut through the total
thichness of the film, but avoiding damage to the glass.

10.3 Peel test

10.3.1 Sample preparation
Twenty samples of the film,.bonded to glass sections, shall be prepared. The glass sections$ shall be 35
mm minimum wide and 150-mm minimum length. The attached film test samples shall be (25 £0,5) mm

wide and 250 mm minithum length. Test samples shall be produced using representative manufacturing
conditions.
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10.3.1.1 Sa

mple conditioning shall be in accordance with Table 5.

10.3.1.2 Additionally, all test samples are to be conditioned for at least 24 h at (25 £2) °C immediately
prior to the peel test.

10.3.2 Test

procedure

The tests are to be performed in accordance with 1ISO 8510-1. The film strip is to be pulled from the
surface at an angle of 90° at a rate of (50 +5) mm/min. The average peel force for at least 100 mm
detachment is to be recorded and the average peel force per cm of width is to be calculated.

10.3.3 Requirements

The averagdq peel force, for each individual sample, shall be a minimum of 3,5 N per cm-of.w
shall withstand the specified force of 3,5 N without tearing.

10.4 Immergsion test

10.4.1 Test

Four sample

procedure

in one of thg following aqueous solutions for 24 h:

a) (
b)
c) (
d)

NOTE

/0 +5) V/V % denatured ethyl alcohol
9 +1) W/W % aqueous ammonia solution
b +1) W/W % sodium hypochlorite

70 £5) V/V % isopropyl alcohol.

The test samples are to be removed from the test solutions, blotted dry and conditioned fo

+2) °C.

The samples are then to he-subjected to the peel test described in 10.3.2.

All four solutions are to be-used. Only one test section is to be subjected to each solution.

dth. The film

s of film bonded to glass sections, prepared as describediin 10.3.1, shall be immersed each

24 h at (25
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10.4.2 Requirements

The average peel force, for each individual sample, shall be a minimum of 3,5 N per cm of width. The film
shall withstand the specified force of 3,5 N without tearing.

11 Marking
Along with the CRT manufacturer's name, trade name or identifying code, and a type number, each CRT

which meets the requirements of this standard shall be marked with the following statement, or wording
with a similar meaning. The marking shall be of a permanent and legible type and in the appropriate

language.

WARNING This cathode ray tube employs integral implosion protection. For contin
it myist be replaced with a cathode ray tube of the same or equivalent type number.

12 Applica

The CRT m
similar mear

SAFETY N(

a) N
total

b) T
man

13 Normati

Sampling arn
(sampling pl

ion Notes for Pre-stressed Banded CRTs with Protective Film

hnufacturer shall provide application notes with the following statements or wq
ing, and in the appropriate language:

TES

lanufacturers of products incorporating CRTs mustensure that the enclosure fr
y covers all edges of the protective film applied\to‘the face of these CRTs.

he end-product manufacturer shall provide @, warning statement in the user’s in
ual. This shall state:

WARNING The CRT in this product employs a protective film on the face.
must not be removed as it serves a safety function and removal will increas
serious injury.

ve Requirements for the,Use of Tables 1 and 2 (prestressed banded CRTs

d testing for new_¢onstruction (sampling plan 1), new construction with known
hn I1), tension band’only (sampling plan 1lI) and alternative construction (sampling

be used when any of the . following new construction features or variations in construction a

construction
13.1 Sampl

Applicable td

5 may require*a special investigation.

ng planl: New construction

ued safety

rding with a

bnt bezel

struction

This film
b the risk of

ape or resin
plan 1V) will

pply. Unique

firSt-time +ncfing for a CRT manufacturer or a r\hnngn n-construction of a prov

ously tested

CRT that employs any of the following nominal design changes:

13.1.1 Size

New CRT di

agonal size range (see Table 10).
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13.1.2 Deflection angle

New deflecti

on angle range for a particular CRT size range (see Table 10).

13.1.3 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 outside curvature — 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 manufacturer;

b) A
testd

c) g
othej

d) ¢
than

13.1.4 Glas
New glassw
suppliers wh
under a com

13.1.5 Resi

New resin in
for example,

13.1.6 Tapg

New tape ern
circumstanc

d CRT for a manufacturer;

lassware thickness — a change in glassware thickness of more than£20% at a
r than the neck, from a previously tested CRT for a manufacturer;

orner radius — any change in external or internal panel corner radius (plan view
+10%.

sware supplier

hre supplier not previously used by the CRT manufacturer. Subsidiaries of prese
o0 use the same chemistry, mould designss.processes and quality control af
mon quality management system, are not ¢onsidered to be new suppliers.

1

the prestressed banded system..Aresin is considered new if it is of a different
epoxy, polyester or other material.

hployed in the tension*band system. A tape is considered new if one or more of
bs apply:

ape width~+—the tape width under the tension band is reduced by more than 20

hange-~in generic type of adhesive, for example, acrylic, silicone, natural rubber

spect ratio — any change in the height-to-width ratio of the front panel from a pﬂeviously

y point,

) of more

nt glassware
rangements,

jeneric type,

the following

etc;

dhgsion — more than 20% decrease in adhesion efrongfh;

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

e) Any combination that differs from that used in previously tested CRTs;

f) C

hange in backing generic type, for example, polyester cloth, etc.;

g) Change in backing thickness of more than £20%.
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13.2 Sampl

ing plan Il: New construction with known resin or tape

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:

13.2.1 Tape and resin

A new CRT construction as defined in 13.1.1 to 13.1.4 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.

13.3 Sampl

ing plan lll: Tension band and alternative tension band

Applicable ¢
13.3.1 Teng
CRTs using
and the CRT
where tape

13.3.2 Bang

For tension
method, suc|

13.3.3 Band
A change in
from a previ
shape.

13.3.4 Banag

Change in t
others.

any of the following changes in tension band or hardware:
ion band only

envelope. This sampling plan applies to new constructions as wellras a constru
br resin is deleted from the system.

-end securement

band only construction, where there are significant changes in the band-end
h as a change from spot weld to crimp type.

tension

nominal band tension or minimum glassware recovery value of greater than —|
pusly tested CRT, employing a patticular size range, deflection angle range ar
-tension system

he band-tensioning system such as a change from machine tightened to shr

this construction employ only a tension band. There is no material between the {ension band

ction change

securement

5% to +15%
d glassware

nk band, or
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13.3.5 Hardware

Change in the hardware system such as addition or deletion of rim bands, reinforcing bars or other
structural materials between the tension band and the CRT envelope.

13.3.6 Band width

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

13.3.7 Band material

Change in metallurgical composition.

13.3.8 Band

Change in t
position as n

13.3.9 Bandg
Addition or
securement.
than, the ori

13.4 Sampl

Applicable tq
etc. Alternat

13.4.1 Size
New size wi
13.4.2 Deflg

New deflecti

position

ne nominal location of the band (forward or backward) by more than. 3 mm frofn its original

neasured from the front of the band to the Z point on the panel.
-surface coating
hange in the surface coating of the tension band whenwelding is the method

CRTs need not be tested if the tensile strength of the fiew welded band is equal
pinal.

ing plan IV: Alternative construction

any tension band construction such as tension band only, tension band with tay
Ve construction consists of variation intconstruction in any of the following:

hin a diagonal size range-previously tested for the CRT manufacturer.
ction angle

pn angle within-a.range previously tested for a CRT manufacturer.

of band end
0, or greater

e, rim band,
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13.4.3 Glassware supplier

Glassware s

upplier previously used by the CRT manufacturer in another size range.

13.4.4 Glassware thickness

Glassware whose minimum 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.

13.4.5 Resin

Resin used

in_the prestressed banded system is considered an alternative construction

f the tensile

strength of
construction

13.4.6 Tapg

Addition of t

he cured resin is less than 80% of the original resin. Addition of tested res
previously tested using a tension band only (without resin) will be accepted wit

bsted tape to a CRT construction previously tested using a tension band only (

will be accepted without testing.

14 Normati
film)

Sampling an
or adhesive
(sampling pl
construction

14.1 Sampl

Applicable ¢

ve Requirements for the Use of Tables 3 and 4 (prestressed banded with ¢

d testing for new construction (sampling plan 1), .new construction with known reg
(sampling plan 1), alternative tension band (sampling plan Ill) and alternative
An 1V) will be used when any of the following, new or variations in construction a
5 may require a special investigation.

ng plan I: New construction

first-time testing for a CRT_manufacturer or a change in construction of a prey|

CRT that employs any of the following nominal design changes.

14.1.1 Size

New CRT di

pgonal measurement size range (see Table 10).

n to a CRT
hout testing.

vithout tape)

rotective

in, tape, film
construction
pply. Unique

ously tested
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14.1.2 Deflection angle

New deflection angle range for a particular CRT size range (see Table 10).

14.1.3 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 outside curvature — a change in height measurement from the Z point of the
centre of the face panel of more than +10% from a previously tested CRT for a manufacturer;

b) A
testd

c) g
othej

d) ¢
than

14.1.4 Glas
New glassw
suppliers wh
under a com

14.1.5 Resi

New resin irf
for example,

14.1.6 Tapsg
New tape en

a) T
b) d

c) A

spect ratio — any change in the height-to-width ratio of the front panel from a pﬂ
d CRT for a manufacturer;

lassware thickness — a change in glassware thickness of more than£20% at a
r than the neck, from a previously tested CRT for a manufacturer;

orner radius — any change in external or internal panel corner radius (plan view
+10%.

sware supplier

hre supplier not previously used by the CRT manufacturer. Subsidiaries of prese
o0 use the same chemistry, mould designss.processes and quality control af
mon quality management system, are not ¢onsidered to be new suppliers.

1

the pre-stressed banded system. A resin is considered new if it is a different
epoxy, polyester or other material.

nployed in the tension® band system. A tape is considered new if:
ape width — the-tape width under the tension band is reduced by more than 20
hange @mgeneric type of adhesive, for example, acrylic, silicone, natural rubber

dhesion — more than 20% decrease in adhesion strength;

eviously

y point,

) of more

nt glassware
rangements,

jeneric type,

etc.;

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

e) Any combination that differs from that used in previously tested CRTs;

fy C

hange in backing generic type, for example, polyester cloth, etc;

g) Change in backing thickness of more than +20%.
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14.1.7 Adhesive for protective film

New adhesive used with protective film. An adhesive is considered new if:

a) Change in generic type of adhesive, for example, acrylic, silicone, natural rubber, etc.;

b) Adhesion — more than 20% decrease in adhesion strength.

14.1.8 Protective film

New film em

ployed in the protection system. A film is considered new if:

a) Q

b) (
14.2 Sampl

Applicable tq

CRT that employs any of the following nominal design changes.

14.2.1 Tape

A new CRT
tested and f

14.2.2 Film

ing plan Il: New construction with known resin, tape, film or adhesive

hange in film generic type, for example, polyester, etc.;

hange in film thickness of more than +15%.

first-time testing for a CRT manufacturer or a change in construction of a prey|

and resin

construction as defined in 14.1.1 to 14.1.4 with.a%ape or resin, which has bee
bund acceptable for a CRT manufacturer in the 'same or a larger CRT size.

and adhesive

A new CRT
been previo

Applicable tq
14.3.1 Gend

This samplin
change whe

|

14.3 Sampljng plan lll: Alternative tension band

construction as defined in 14.1.1 to.44.1.4 with a film and adhesive combinatig
sly tested and found acceptable.for a CRT manufacturer in the same or a larg

any of the following changes in tension band or hardware.
bral

g plan applies to construction changes in tension band or hardware as well as a
re tape ©r resin is deleted from the tension band system.

ously tested

n previously

n which has
br CRT size.

construction
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14.3.2 Band

-end securement

A significant change in the band-end securement method, such as a change from spot weld to crimp type.

14.3.3 Band

tension

A change in nominal band tension or minimum glassware recovery value of greater than -5% to +15%
from a previously tested CRT, employing a particular size range, deflection angle range and glassware

shape.

14.3.4 Band

-tension system

Change in the band-tensioning system such as a change from machine tightened to shr

others.

14.3.5 Hardware

Change in

structural materials between the tension band and the CRT envelope.

14.3.6 Bang

Reduction o

14.3.7 Bandg

Change in metallurgical composition.

14.3.8 Bandg

Change in th
measured fr

14.3.9 Bandg
Addition or (

securement.
than, the ori

e hardware system such as addition or deletion of rim bands, ‘reinforcing b

width
tension bandwidth by more than 10%.

material

position

e location of the band (forward“er backward) by more than 3 mm from its origine
bm the front of the band te_the Z point on the panel.

surface coating
hange in the surface coating of the tension band when welding is the method

CRTs need notbe tested if the tensile strength of the new welded band is equal
pinal.

nk band, or

ars or other

1l position as

of band-end
0, or greater
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14.4 Sampling plan IV: Alternative construction

Applicable to any tension band construction such as tension band only, tension band with tape, rim band,

etc. Alternati

14.4.1 Size

ve construction consists of the variation in construction in any of the following:

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

14.4.2 Glassware supplier

Glassware s

upplier previously used by the CRT manufacturer in another size range.

14.4.3 Glas

Glassware W

sware thickness

hose minimum thickness varies from the glassware originally tested by more tha

n £10% and

less than, o1l equal to, £20% at any point other than the neck, is considered ancalternative cpnstruction.
14.4.4 Resin
Resin used |in the prestressed banded system is considered an alternative construction ff the tensile

strength of t
previously tg

14.4.5 Tapg

Addition of t
accepted wif

15 Alternat
protective f

This alternafive high temperature thérmal conditioning can be used where the requirements

15.2 are sat
Arrhenius b
removal fron
1+2) °C. The
stabilized at

defined in Tables 3@nd 4.

15.1 Additi

e cured resin is less than 80% of the original resin. Addition of resin to a CRT
sted using a tension band only (without resin) will-beaccepted without testing.

bpe to a CRT construction previously tested using a tension band only (without
hout testing.

ve Thermal Conditioning for Use with Tables 3 and 4 (prestressed banded
Im)

sfied. Samples of the CRT only, without the film, are conditioned at 150 °C for 4
hsed time/temperatuteé combinations as specified in footnote d of Tables 3
n the conditioning.chamber, the CRT samples are allowed to stabilize for at leas
film is then te be’affixed to the CRT face, using representative manufacturing cd
standard atmospheric conditions for at least 24 h, prior to impact and implosic

pnal\peel force requirements where alternative thermal conditioning is to K

construction

tape) will be

with

of 15.1 and
18 h or other
and 4. After
t 24 h at (25
nditions and
n testing as

performed

The five-sample average of the average peel force of the test pieces thermally conditioned according to
10.3.1.2 shall not be less than 90% of the five-sample average of the average peel force of the
as-received test pieces (10.3.1.1). In no case shall the average peel force for any single sample be less
than 3,5 N per cm of width.
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15.2 Tensile strength test where alternative thermal conditioning is to be performed

15.2.1 Sample preparation

Ten samples of the film shall be prepared according to the requirements of ISO 527-1 and ISO 527-3. Five
of these samples in the as-received condition shall be set aside for test. The other five samples shall be

thermally co

15.2.2 Test

nditioned in accordance with 10.3.1.2.

procedure

Samples shall be tested in accordance with the test method of ISO 527-1 and ISO 527-3. The rate of
separation of _the grips of the testing machine shall be the same for both as-received samples and

thermally co

The averagq
separately, f

15.2.3 Req(

The averagsg
average o,

16 Normati
Sampling an
will be used
Unique cons

16.1 Sampl

Applicable t

hditioned samples.

of the tensile strength (c,,) of the film shall be calculated for the as-received s
pr the thermally conditioned samples.

irements

tensile strength (c,,) for the thermally conditioned samples shall not be less tha
for the as-received samples.

ve Requirements for the Use of Tables 6 and 7-(bonded frame CRTSs)

d testing for new construction (sampling pland).and alternative construction (samj
tructions may require a special investigation.

ng plan I: New construction

p first-time testing for a CRT manufacturer or change in construction of a prev

CRT that employs any of the following nominal design variations:

16.1.1 Size

New CRT di

agonal size range-(see Table 10).

lamples and,

n 90% of the

pling plan II)

when any of the following new construction features or variations in constriiction apply.

ously tested
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16.1.2 Deflection angle

New deflecti

ion angle range for a particular CRT size range (see Table 10).

16.1.3 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

man

ufacturer;

b) A
previ

c) G
othej

16.1.4 Glas
New glassw
suppliers wh
under a com
16.1.5 Resi
New resin u
16.1.6 Resi
A change in

16.1.7 Fram

A change in

ously tested CRT for a CRT manufacturer;

lassware thickness — a change in glassware thickness of more than+20% at a
r than the neck, from a previously tested CRT for a CRT manufacturer.

sware supplier

hre supplier not previously used by the CRT manufacturer. Subsidiaries of prese
o use the same chemistry, mould designs, progésses and quality control af
mon quality management system, are not considered to be new suppliers.

S

bed in a CRT employing a particular size range, deflection angle range and glass
h thickness

resin thickness of more than,+25%.

e thickness

thickness of the material used to form the frame of more than +10%.

spect ratio — any change in the nominal height-to-width ratio of the front panel 1Irom a

ny point,

nt glassware
rangements,

ware shape.
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16.2 Sampl

ing plan II: Alternative construction

Consists of variation in construction in any of the following nominal design changes:

16.2.1 Size

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

16.2.2 Deflection angle

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

16.2.3 Glas
Glassware s
16.2.4 Glas

Glassware W
or equal to,

16.2.5 Resi
New resin fg
16.2.6 Resi
A change in
17 Normati
Sampling an
will be used
Unique cons

17.1 Sampl

Applicable g

sware supplier
upplier previously used by the CRT manufacturer in another size range.
sware thickness

hose thickness varies from the glassware originally tested by.more than +10% a

t20% at any point other than the neck, is considered an alterhative constructiory.

s
r a size within a size range previously tested for. that particular resin.

h thickness

resin thickness of more than +10% butiess than, or equal to, £25%.

ve Requirements for the Use of Tables 8 and 9 (Laminated CRTSs)

d testing for new constructiagn(sampling plan I) and alternative construction (sam

tructions may require a.special investigation.

ng plan I: New construction

first-time-esting for a CRT manufacturer or a change in construction of a prev

CRT that employs any of the following nominal design variations:

17.1.1 Bonag

ing.material

nd less than,

pling plan II)

when any of the following new construction features or variations in constriiction apply.

ously tested

New bonding material used or proportion of resin to hardener changed by more than +20%.
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17.1.2 Bonding material thickness

A change in bonding material thickness of more than +25%.

17.1.3 Front panel thickness

A decrease in front panel glass thickness of more than 25%.

17.2 Sampling plan IlI: Alternative construction

Applicable to a variation in construction in any of the following nominal design changes:

17.2.1 Bonding material
Bonding material previously tested for a CRT manufacturer but used in a different size rangg (see Table
10).
17.2.2 Bonding material thickness
A change in|bonding material thickness of more than £10% and less than) or equal to, £25%.
17.2.3 Front panel thickness
A decrease |n front panel glass thickness in the range of 10% 1o 25%.
Tables
Table 1
Sampling and test programme for prestressed banded CRTs exceeding 160 mm diagonal
Thermal conditioning Impact and implosion test groups
S i Circulating air chamber Number of CRTs to ‘:e tested as
amlgnmg CRT design® Nohhber of g described fin
P CRTs Temp RH Time 8.1 8.3 8.2
°cb % h (ball)® (thermal] | (missile)
Group A | Group B Group C
New Construgtion 5 - — - 2 1 2
4 1504 - 48d 2 1 1
4 50 90 - 95 48 2 1 1
4 S = 2 1 1
1] New construction with 12 - - - 6 2 4
previously tested tape
or resin
0l Tension band only and 9 - - - 4 2 3
alternative tension
band
\% Alternative 6 - - - 3 1 2
construction

@ See clause 13 for details of the requirements regarding changes in design features.
b The tolerance of the oven temperature shall be +2° C.

Table 1 Continued on Next Page
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Table 1 Continued

Thermal conditioning

Impact and implosion test groups

Number of CRTs to be tested as

Sa:}::ng CRT design® Number of Circulating air chamber described in
CRTs Temp RH Time 8.1 8.3 8.2
°cb % h (ball)® (thermal) | (missile)
Group A Group B Group C

¢ CRTs not visibly damaged in this test may also be subjected to the tests described in 8.2 and 8.3. 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

€ CRTs shall 4
held at each t4

, 1307 Cior 168 h, 120 C tor 556 h or 110 C tor 672 h).

e thermally cycled between —40° C and +70° C at the rate of two cycles per day for a total of five.q
bmperature extreme for 4 h.

lycles and

Table 2
Sampling|and test programme for prestressed banded CRTs from 76 mm)to 160 mn) diagonal
Thermal conditioning Impact and implosion test groups
Sampling - Circulating air chamber Number of CRT.s to t;e tested as
plan CRT design? Number of described |in
CRTs Temp RH Time 9.1 9.3 9.2
°cb % h (ball)® (thermal) | (high ball)f
Group A Group B Group C
New Construction 5 - - - 2 1 2
4 1504 5 48d 2 1 1
4 50 90 - 95 48 2 1 1
4 € — e 2 1 1
Il New construction with 12 - - - 6 2 4
previously tested tape
ar resin
I Tlension band only and 9 - - - 4 2 3
gternative tension
band
\Y $ernative 6 - - - 3 1 2
nstruction
@ See clause 13 for details of thereguirements regarding changes in design features.
b The toleranck of the oven tempgfature shall be +2° C.
¢ CRTs not vigibly damaged in this test may also be subjected to the tests described in 9.2 and 9.3. If a CRT yielgls
unacceptable fesults in¢€itfier of these tests, the results shall be considered inconclusive and disregarded. A new ICRT shall be
tested in its place, as_previous testing might have weakened the CRT.
d Other Arrherjius\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).
€ 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 3

Sampling and test programme for prestressed banded CRTs with protective film exceeding 160

mm diagonal

tested in its pl

d Other Arrher
140° C for 96

€ CRTs shall {
held at each t4

f Film on all s4
9 The scratch
h The film is tg
k Supplied by
M Glass throw
barrier”.

" Glass throw
and no glass |

P See Clause

hce, as previous testing might have weakened the CRT.

ius based time/temperature combinations (according*to the principles of IEC 60216-1) may be used
h, 130° C for 168 h, 120° C for 336 h or 110° Cfer 672 h).

e thermally cycled between —40° C and +7Q%€ at the rate of two cycles per day for a total of five g
bmperature extreme for 4 h.

mples is scored as detailed in 10.2.
batterns described in 8.3.1 shall be positioned on the faceplate sidewall.

be cut in the prescribed scratch, pattern of 8.2.1. The glass is then scratched through the same cu
manufacturer without film,
criteria of 8.1.2 modified-to*“there shall be no glass particle having a mass greater than 10 g past t

criteria of 8.3.2 madified to “there shall be no glass particle having a mass greater than 2 g past a
article beyond:a\2,0 m barrier” .

15 for alternative thermal conditioning.

Thermal conditioning Impact and implosion test groups
Samplin Circulating air chamber Number of CRT? to l?e tested as
pI:n g CRT design? Number of described in
CRTs Temp RH Time 8.1 8.3 8.2
°cb % h (ball)® (thermal) | (missile)
Group A | Group B Group C
New Construction 5f - - - 2 19 2h
4f&p 150 — 484 2 19 1h
41 50 90 - 95 48 2 19 1h
4f e _ e 2 19 1h
5k - - - 4m 1" -
Il New construction with 12f - - - 6 29 4h
previously tested tape 4k - - - 3m in -
dr resin and film/
adhesive combination
Il lternative tension of - - - 4 29 3h
Qand 3k - - - 2m 1" -
v lternative 6' - - - 3 19 2h
jpnstruction 3k - - — 2m 1" -
a See clause 14 for details of the requirements regarding changes in design features.
b The toleranck of the oven temperature shall be +2° C.
¢ CRTs not vidibly damaged in this test may also be subjected to the tests\described in 8.2 and 8.3. If a CRT yieldls
unacceptable fesults in either of these tests, the results shall be considered inconclusive and disregarded. A new [CRT shall be

(for example,

lycles and

s in the film.

he 1,6m

,5 m barrier
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Table 4

Sampling and test programme for prestressed banded CRTs with protective film from 76 mm to

160 mm diagonal

tested in its pl

d Other Arrher]
140° C for 96

€ CRTs shall {
held at each t4

f Film on all s4

9 The scratch
window of min|

" The film is td
I Test 9.2 is off
k Supplied by
M Glass throw
barrier”.

N Glass throw
barrier and no

P See Clause

hce, as previous testing might have weakened the CRT.

ius based time/temperature combinations (according to the principles of IEC 60216-1) may be used
h, 130° C for 168 h, 120° C for 336 fi'or 110° C for 672 h).

e thermally cycled between -402C and +70° C at the rate of two cycles per day for a total of five g
bmperature extreme for 4 h.

mples is scored as detailed in 10.2.

patterns described in(9.3.1 (8.3.1) shall be positioned on the faceplate sidewall, or direct on face in
mal 20 mm x 20 mm.

ly applied_if.implosion or rapid devacuation does not occur in ball test 9.1.
manufaeturer without film.
criteriarof 9.1.2 modified to “there shall be no glass particle having a mass greater than 10 g past t

Thermal conditioning Impact and implosion test groups
Sampling . Circulating air chamber Number of CRTS to be tested as
plan CRT design? Number of described in
CRTs Temp RH Time 9.1 9.3 9.2
°cb % h (ball)® (thermal) | (high ball)i
Group A | Group B Group C
New Construction 5f - - - 2 19 2h
4t&p 1504 = 48d 2 19 1h
4f 50 90 — 95 48 2 19 1h
4f € - e 2 19 1h
5k - - - 4m 1" -
I New construction with 12f - - - 6 29 4h
previously tested tape
ar resin and film/
adhesive combination
4K — — - 3m 1" —
I lternative tension of - - - 4 29 3h
nd
3K - - - om 1" -
v Aiternative 6f - - - 3 19 2h
cpnstruction
3k - — - 2m 1" -
a See clause 14 for details of the requirements regarding changes .in<design features.
b The toleranck of the oven temperature shall be +2° C.
¢ CRTs not vigibly damaged in this test may also be subjected o the tests described in 9.2 and 9.3. If a CRT yielgls
unacceptable fesults in either of these tests, the results shall-be considered inconclusive and disregarded. A new [CRT shall be

(for example,

lycles and

a cut out

be cut in theprescribed scratch pattern of 9.2.1. The glass is then scratched through the same cufs in the film.

he 1,5 m

glass particle beyond a 2,0 m barrier” .
15 for alternative thermal conditioning.

asta 0,5 m
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Table 5

Sampling and test programme for adhesion of film used in CRTs with protective film (tested
according to tables 3 and 4)

Thermal conditioning Test groups
Number of test samples
S i Preconditioning to be tested as described
ampling CRT design? Number of in
plan test "
Temp RH Time 10.3 10.4
samples G .
orb o immersion
C % h (peel test) test)
New Construction 5¢ - - - 5 -
5¢ 1009 - 1689 5 -
5¢ 32 80 — 90 168 5 -
50 e — e 5 _
4f - - - - 4

b The toleranc]
¢ Test sample:
d Other time/te

€ Test sample
cycles and he

f Test sampled

@ See clause 14 for details of the requirements regarding changes in design features.
B of the oven temperature shall be +2° C.

prepared according to 10.3.1.
mperature combinations may be used, as follows: 90 °C for 336 h, 87 °C for 504 h or 82 °C for 1 440 h.

b shall be thermally cycled between (—40 +2) °C and (+70 £2) °C atrthe-rate of 2 cycles per day for ja total of 5
d at each temperature extreme for 4 h.

prepared according to 10.4.1.

Table 6

Sampling and test programme for bonded frame CRTs exceeding 160 mm diagonal

Thermal>conditioning

Impact and implosion test groups

. . . . Number of CRTs to t;e tested as
Sa::g:ng CRT design® Number of Circulating air chamber described in
CRTs Temp RH Time 8.1 8.3 8.2
°cb % h (ball)® (thermal (missile)
Group A Group B Group C
New Construction 5 - - - 2 1 2
4 150d - 48d 2 1 1
4 50 90 - 95 48 2 1 1
4 € - e 2 1 1
Il jFl)ernative 6 - - - 3 1 2
nstruction

@ See clause 16 for details of the requirements regarding changes in design features.
b The toleranck-of thé oven temperature shall be +2° C.

¢ CRTs not vi

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).

€ 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.

S
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Table 7
Sampling and test programme for bonded frame CRTs from 76 mm to 160 mm diagonal
Thermal conditioning Impact and implosion test groups
. . . . Number of CRTs to be tested as
Sa::::ng CRT design® Number of Circulating air chamber described in
CRTs Temp RH Time 9.1 9.3 9.2
°cb % h (ball)® (thermal) | (high ball)f
Group A Group B Group C
New Construction 5 - - - 2 1 2
4 1509 - 48d 2 1 1
4 50 90 — 95 48 2 1 1
4 € - e 2 1 1
Il ﬁ)ternative 6 - - - 3 1 2
nstruction
@ See clause 16 for details of the requirements regarding changes in design features.
b The toleranck of the oven temperature shall be +2° C.
¢ CRTs not vigibly damaged in this test may also be subjected to the tests described in 9.2 and 9'3. If a CRT yielgs
unacceptable fesults 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 Arrherjius based time/temperature combinations (according to the principles ofJEC 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).
€ CRTs shall Qe thermally cycled between —40° C and +70° C at the rate of two cycles per day for a total of five dycles and
held at each t¢mperature extreme for 4 h.
f Test 9.2 is only applied if implosion or rapid devacuation does not occurjn_ball test 9.1.
Table 8@
Sgmpling and test programme for laminated CRTs exceeding 160 mm diagonal
Thermal conditioning Impact and implosion test groups
. . . Number of CRTs to be| tested as
Sampling - Circulating air chamber described in
plan CRT design Numbe of Temp Time 8.1 8.3 8.4
CRTs .
°gb h (ball)> | (thermal) (high
energy)
Group A Group B Group C
New Construction 5 - - 2 1 2
5 150¢ 484 2 1 2
Il Alternative gonstruction 5 — — 2 1 2
a See clause 17 for details of the requirements regarding changes in design features.
b The toleranck of tHe-oven temperature shall be +2° C.
¢ CRTs not vigibly’damaged in this test may also be subjected to the tests described in 8.3 and 8.4. If a CRT yielgls
unacceptable in ej i i i i ICRT 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).
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Table 9
Sampling and test programme for laminated CRTs from 76 mm to 160 mm diagonal
Thermal conditioning Impact and implosion test groups
. . . Number of CRTs to be tested as
. Circulating air chamber N X
Sampling CRT design? Number of described in
lan "
p CRTs Temp Time 9.1 9.3 :..4h
°cb h (ball)® (thermal) (hig
energy)
Group A Group B Group C
New construction 4 - - 2 1 1
4 1509 48d 2 1 1
Il Alternative construction 3 - - 1 1 1
@ See clause 17 for details of the requirements regarding changes in design features.
b The toleranck of the oven temperatures shall be +2° C.
¢ CRTs not vidibly damaged in this test may also be subjected to the tests described in 9.3 and 9.4, Ifa@)CRT yieldls
unacceptable fesults in either of these tests, the results shall be considered inconclusive and disregarded. A new ICRT shall be

tested in its pl

d Other Arrthe
example, 1409

hce, as previous testing might have weakened the CRT.

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

i (for

Table 10
CRT size and deflection angle-ranges

mm

CRT diagonal size range

Diagonal deflection angle
degrees

Laminated

construction

Prestressed banded and
bonded frame construction

Laminated construction

Prestressed banded and

bonded frame

construction

76
161
321
521
691

- 160
- 320
- 520
- 690
-850

76 — 160
161 — 255
256 — 350
351 — 460
461N540
541/- 640
641 — 740
741 — 890

891 — 1,200

40 — up

40 -
70 -
100 —

113 -

69
99
112

up
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Figures

Figure 1
Example of a test cabinet

Access hole

SB1057E

NOTE 1 A cabinet is typically 20 mm thick and made of plywood or metal of similar strength. The front panel
shall be made of plywood, typically 20 mm thick.

NOTE 2 An opening having an area of not less than one-quarter of the are of the face of the CRT or 0,02 m?,
whichever is the smaller, shall be provided in the bottom or rear of the cabinet for air intake in the event of an
implosion.
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Figure 2
Example of a ball impact test

Steel ball

Cabinet —

Plofe of barrier
S4249A Barrier

Measdring rod

Blank¢t or carpet

~
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Figure 3
Example of a 2,3 kg steel missile

Spherical radius

f

Suspension
hooks

— 50 el ——

120°

S4250A

NOTE All linear dimensions are in millimeters.
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Figure 4
Missile impact area on a typical CRT

Glass envelope

Useful

phosphor ——= P AvAVAYA U
screen

T

Impact
area

Key

H  height of the useful phosphor screen
Ry H/p.
R, H/P-50mm:;

SA1737C
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Figure 5
Example of a missile impact test

Measuring rod

Steel missle —,

Cabinelt

(.//},
\_‘_./’él

Misste penetration)
restraint and c¢ha

=)

ket or carpet

Barrier

Barrier

SC1058€
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Figure 6
Options for scratch patterns for implosions by the thermal shock method

@20

BN

S
S
N /
~l |~

20

Note All |

sBigoic

20

near~dimensions are in millimelers,
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Figure 7
Film scoring tool

S4890 | |

NOTE All linear dimensions are in millimeters.

Steel drill rod, hardened to 60-62 on Rockwell C scale and with 60° conical tip and a tip radius of 0,03 mm +30 %.
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Figure 8
Example of high-energy impact test set-up

/
Steel weight —

N Fixed guide

/— Adjustgble gquide
\//— Steel Pin

Bushing

Adjustdble cover T
for pin alignment

Adjustablg stand

Note Adjust height of adjustable stond in such a Way that, when the Weight hits the pin, the amount of
penetration of the pin into the CRT will be a maximum of 6 mm.,

SC1040C
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Example of Steel pin for CRTs exceeding 160 mm face diagonal used in high-energy impact test

<<

Figure 9A
038
~ D25 =t

i

6-13

178-30b6

S4253A

NOTE All linear dimensions are in millimeters.
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Figure 9B

Example of steel pin for CRTs from 76 mm to 160 mm diagonal used in high-energy impact test

i

§ 12

= 29,5 =t

6-13

1156

S4253B

NOTE All linear dimensions are in millimeters.
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Figure 10A
Example of 4,5 kg weight used in high-energy impact test on CRTs exceeding 160 mm diagonal

- 762 —=

T

127

Note All linear dimensions are in millimeters.

SB1041F
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Figure 10B

Example of 0,45 kg weight used in high-energy impact test on CRTs from 76 mm to 160 mm face

diagonal

—— () ——a

T

118

S4254A

NOTE All linear dimensions are in millimeters.
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Figure 11
Example of 1,4 kg steel missile
171

25 130 16
10 10 100 20 4
<5 S |

R15 | | R by

@40 @3@—--\— - - - - - - - 1—P+1T 20 =—

13

View C

4384 View A Seetion B-B'

NOTE 1 All linear dimensions are in millimeters.
NOTE 2 Weight: approx 1,4 kg.
NOTE 3 Rockwell hardness: > 60.

NOTE 4 Surface: Chromium coating.
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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/CSA-C22.2 No. 228-92 was also being used for
certification, mainly in the North American continent. The committee decided to propose a New Work Item
39/231/NP to develop a new standard which would ultimately replace the existing standards. After the
voting stage|it was clear that sufficient support existed and Working Group 2 was establishefd comprising
experts fron Canada, ltaly, Japan, Korea, The Netherlands, United Kingdom, United State$ of America
and Germary.

k the task of
C policy that
bf which due
988).

IEC 60065 i$ an equipment standard under the responsibility of IEC TC 92. TG89’ undertoo
creating a new standard intended to replace clause 18 of IEC 60065, in line: with the IE
component fequirements should be published in component standards, in the development
notice should be given to the component user requirements (Administrative Circular No. 71/

nal UL/CSA
re similar in

At its first meeting, TC 39/WG 2 noted that, in fact, clause 18 of dEC 60065 and the binatig

standard we
approach to
and the effe
CRTs which

re the two documents which required harmonization. The two standards a
testing. They both contain conditioning regimes.and tests to prove the mechan
'ts to the user of the implosion or rapid devacuation of the CRT. Both standards
have integral implosion protection systems;

ical strength
hddress only

Over 30 yedrs’ experience has been built up in theiuse of both standards. In that time, CR]
has moved forward in the area of implosion ptetéction systems and with the evolution of |
Experience has also shown that certain areas, of interpretation need to be addressed.

[ technology
arger CRTs.

This standard contains the following mainclauses:

environmental conditioning instructions for use prior to testing;
* test methods and-requirements which demonstrate that the CRT is mechanically gtrong

enouigh to withstand-impact damage which could be encountered in normal use so that the
viewer is adeqguately protected against injury;

e te
devd

5t methods and requirements which demonstrate that, in the event of an implosipn or rapid

icuation 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;

* 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

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 ea

sily 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

max
speed is around 4 m/s (9 m.p.h.). This energy level is negligible with respect to.its"3
cauge flesh damage as human skin exhibits visco-elastic properties (people perform
actiyities frequently encounter airborne particles of greater mass and highéryelocity

A.2 Implosijon test

Due to the iptroduction of larger CRTs having thicker face plates and, to.the use of laminate

is not possille, in some cases, to induce rapid devacuation using the ball impact test. In orde

the effectivgness of the implosion protection system, a test with a larger impact objec

high-energy
A.3 Small

Research ha
been develo

A.4 Evaluat

As the impa
of rapid dev{
protection s\
exclude resu

is used to induce rapid devacuation.
LRTs (76 mm to 160 mm diagonal)

s shown that small CRTs may require implosion protection systems. Scaled-dow
ped for these sizes.

ion time

bt tests in this standard are Overstress tests, evaluation of test results includes o
cuation and not subsequent relaxation of mechanical stresses in the CRT from {

Its of stress relaxation.

mum size permitted by this standard) is of the order of 1 x104 J and the maxighum particle

bility to
ing normal
than this).

d screens, it
r to evaluate
(missile or

n tests have

nly the effect
he implosion

stem. Five seconds, is deemed satisfactory to evaluate the result of rapid devacuation and
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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 ball impact test. The test set-up barriers
are placed 4t a distance of 0,9 m in the UL/CSA standard and 1,5 m in this standard. (fhe equivalent
instantaneoys force of a glass particle with a specified mass of 25 mg at a given distance then needs to
be determingd. This can then also be compared to IEC 60065, clause 18, in which @ partidle of 10 g is
allowed to reach the barrier at 1,5 m.

A glass particle will be expelled at a vertical height of 1,0 m and would have the minimum velocity to pass
over a 0,25 m barrier placed at 0,9 m in one solution and at 1,5 m in the other (Figure B.1). If possible,
air resistande should be factored into the equation. In addition, any ‘available informatiorf on medical
studies detefmining the force required to lacerate human skin is to be~acquired.

Figure B.1
Height of the barriers and distances from the CRT face
Y
-
Ow
0,25m
\ A _
0,9m
¢ P
1.5m
< P
S4385

The objective of this annex is to investigate the velocity and potential force of glass particles expelled from
an imploding CRT. In this annex, the analysis of a glass particle with, and without, air friction influences
is described. Finally conclusions are drawn.
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