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Biaxial flexural energy to failure (ball drop)

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, con
national electrotechnical committees (IEC National Committees). The object of IECis, to {

prising
romote
Ids. To
ations,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter|\referred to gs “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiohal Committee int
in the subject dealt with may participate in this preparatory work. Internatiopaly. governmental an

agregement between the two organizations.

The| formal decisions or agreements of IEC on technical matters express{as,hearly as possible, an interi
congensus of opinion on the relevant subjects since each technical cemmittee has representation f
intefested IEC National Committees.

IEC| Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or

mis|nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publ
transparently to the maximum extent possible inthfeir national and regional publications. Any dive
betyween any IEC Publication and the corresponding.hational or regional publication shall be clearly indi
the Jatter.

IEC] itself does not provide any attestation_of.Conformity. Independent certification bodies provide cor
asspssment services and, in some areasy access to |[EC marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies.

Al

sers should ensure that they have'the latest edition of this publication.

No |iability shall attach to IEC ar its directors, employees, servants or agents including individual exp§g
merpbers of its technical committees and IEC National Committees for any personal injury, property dan
other damage of any natureswhatsoever, whether direct or indirect, or for costs (including legal feg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
Publlications.

Attgntion is drawn._to.the Normative references cited in this publication. Use of the referenced publica
indispensable for)the correct application of this publication.

Attdntion is.drawn to the possibility that some of the elements of this IEC Publication may be the su
patent rights=EC shall not be held responsible for identifying any or all such patent rights.

Internptional Standard IEC 61747-40-3 has been prepared by technical committee
Electronic display devices.

erested
d non-
closely
ned by

ational
rom all

ational
of IEC
or any

cations
rgence
ated in

formity

for any

rts and
hage or
s) and
er IEC

tions is

bject of

110:

The text of this standard is based on the following documents:

CbhV Report on voting
110/569/CDV 110/609A/RVC

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.
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A list of all parts in the IEC 61747 series, published under the general title Liquid crystal
display devices, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,

e 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

Mobile electronic devices have become increasingly sophisticated and often include displays
for the purposes of user interface and viewing. Such displays commonly incorporate a
transparent cover glass which aids in protecting the display against the introduction of
damage through routine device transport and use, as well as occasional or accidental misuse.

The purpose of this standard is to provide mechanical testing procedures for cover glasses
utilized in such applications. Such glasses can be strengthened, for example via an ion-
exchange process, which acts to increase mechanical strength through the introduction of a
surface compressive layer.
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LIQUID CRYSTAL DISPLAY DEVICES -

Part 40-3: Mechanical testing of display cover glass for mobile devices —

Biaxial flexural energy to failure (ball drop)

1 Scope

This
used

measyrement of surface impact resistance via biaxial flexure generated by a ball drop.

2 N

The fd
are in
undat

amengments) applies.

IEC 6
cover

IEC 6

3 T
For th

3.1
speci
individ

3.2
samp

group
of pro

3.3

n electronic flat panel displays in mobile devices. This standard is focused'.g

prmative references

llowing documents, in whole or in part, are normatively referencéd’in this docume
Hispensable for its application. For dated references, only the_edition cited applie
bd references, the latest edition of the referenced~ document (including

747-40-1, Liquid crystal display devices — Part/40-1: Mechanical testing of a
glass for mobile devices — Guidelines

649:2008, Weibull analysis

brms and definitions

e purposes of this document, the*following terms and definitions apply.

men
ual piece of glass to be tested to failure

e
of specimens sharing a common pedigree (such as manufacturing process and
Huction);for which failure statistics can be generated and reported

glass
n the

nt and
s. For
any

isplay

beriod

samp

e'size

number of specimens in a sample

3.4

nominal value

value

4 G

about which a tolerance range is specified

eneral

This test is statistical in nature. A ball is dropped onto each of a number of specimens in a
sample. The energy required to break each specimen is recorded. Statistics that might be
specified are calculated and reported. The energy required to break a given specimen is
determined by starting with a minimum drop height and then increasing the drop height by a

fixed i

ncrement for drops that do not result in breakage.
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The typical energy required to break specimens will depend on the specimen nominal
dimensions, length and width, as well as thickness. Sample breakage values should only be
compared when the nominal dimensions of the samples are the same.

The combination of ball mass and dropping height yield the breakage energy. The apparatus
allows for a maximum drop height of at least 180 cm. A ball mass of 128 g may be adequate
for 50 mm x 50 mm (£0,5 mm) specimens with thickness ranging from 0,55 mm to 2,0 mm.
Thicker, stronger or larger specimens may require a larger ball for a 100 % breakage by a
drop height of 180 cm.

Clause 5 describes the apparatus. Clause 6 describes the procedures for both the sample as

a who
To co
specirn

by sor

When

to approximately 80 % of the original drop height and is parallel to\the height adjus

beam
height

When
result
(see 7

It is a

€ das Well as TOr an mndiviaual specimen. Clause 7 desCribes the calCulations.

mplete the test, some means of catching the ball when the ball drop does not-bre

he apparatus. Possible apparatus options are not documented in this standard.

the ball drop does not break the specimen and bounces, the rebound height may

When the drop results in breakage, the bounce direction ishrandom but the re
is substantially reduced.

breakage occurs due to a failure to catch the rebounding ball and a double i

2).

ssumed that all measurements are performed by personnel skilled in the general

mechanical property measurements. Furtherm@re, it should be assured that all equipm

suitab
and tr

5 A

5.1

The s

hceability are kept.

pparatus

Testing environment @nd pre-conditioning

fandard testing envifonment is specified in 61747-40-1. Specimens shall be sto

such @n environment far at least four hours before testing.

5.2

Figurg

Apparatus overview

1 shows“the overview of the apparatus.

bk the

nen should be provided. This could be done by providing the tester with @n.assisfant or

be up
tment
bound

mpact

5 in breakage, the height is recorded, but the speéimen is treated as a late suspgnsion

art of
ent is

y calibrated as is known to skilled personnel and that records of the calibration data

red in
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IEC
Key
Height adjustment beam
Spgcimen holder
Armlature

Ball release mechanism
Height adjustment clamp
Balllrelease controller

Balll (while dropping)

I @ M m o O W >»

Basle

Figure 1 — Apparatus overview

5.3 |Height adjustment beam

This Ream shall/be long enough to allow drops of at least 180 cm in maximum heightf. It is
perpendicularito the testing surface. It shall be marked with distances from the test surfpce in
increments-of '5 cm. The test surface is the top surface of the specimen when it is ingerted
into tHe&pecimen holder. Drop distance is the distance from the test surface to the botjom of
the ball'when it is attached to the ball release mechanism

To accommodate the possibility of different specimen thicknesses or specimen holder
dimensions, a correction factor can be used to convert the height markings on the height
adjustment beam to the actual dropping distances to within £1 mm before the energy
calculation is completed.

5.4 Specimen holder

This is made of a rigidized polymer (such as polyoxymethylene (POM), high density
polyethylene (HDPE), poly(methyl methacrylate) (PMMA), poly(methyl acrylate) (PMA) or
polycarbonate (PC)) to minimize damage to specimens as they are mounted into it. It is a
square or rectangular frame that supports a specimen on a ledge of 4 mm to 6 mm, with the
ledge surrounded by a specimen containment barrier. The barrier dimension shall be large
enough to accommodate all specimens without binding. The specimen shall be elevated from
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the table by a distance that is large enough that no specimen touches the table due to
deflection during a test.

Figure 2 shows a top view and Figure 3 shows a side view cross-section.

»r

B IEC

NOTE |[The key to the letters is provided in Figure 3.

Figure 2 — Specimen holder(top view)

IEC

Key

A Basle surface
B Spgcimen-containment barrier

C Ledpe

Figure 3 — Specimen holder (side view, cross-section)

The specimen holder, base and/or height adjustment beam design shall provide a means of
repeatability by placing the specimen holder so the ball drops onto the centre of the
specimens. Displacement error from the intended drop location shall not be greater than 2
mm when performing drops < 1 m in height and not greater than 3 mm when performing drops
> 1 m in height. Displacement errors can be assessed via the use of a plumb line, a plumb
bob and pressure-indicating films, or via other means which enable the accurate quantification
of intended versus actual drop positions.

5.5 Armature

This connects the ball release mechanism to the height adjustment beam. It shall be
perpendicular to the height adjustment beam.
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5.6 Ball release mechanism

The ball holding and release mechanism shall either be electromagnetic or vacuum-assisted.
This ensures free gravitational acceleration of the ball upon release.

Tethering or the use of a guide tube is not an acceptable means of ball release and/or
guidance.

5.7 Height adjustment clamp

This holds the armature at a helght that is |nd|cated by the helght adjustment beam while a
ball isgs d-d 8ig 8-—C p-is—teleased s g-the-b drop-to allow
ent to a dlfferent helght

5.8 Ball release controller
The copntroller is an electronic switch with two states:

1) load and hold the ball,
2) release the ball.

5.9 |Ball

The bpll used for testing shall be produced from a steel alloy with Rockwell hardness ¢f C60
to C6J[, and shall possess a reflective surface finish.<The diameter tolerance shall pe no
greatgr than £0,05 mm from nominal, and the deviatien from sphericity shall be no dgreater
than 0,025 mm.

Ball mass shall be within +2,0 % of the specified value, and the actual (measured) mas$ shall
be uséd for all energy calculations.

5.10 [Base

The HQase shall be rigid and fully. Supported to ensure minimal energy absorption hy the
structyire. Absorption of energy.by the base can lead to variation in the energy applied [to the
specimen.

6 Procedure

6.1 |[Safety

6.1.1 Hazard — Broken glass

Wear gafety glasses with side panels at all times. Wear gloves when handling broken gl3ss.

6.1.2 Hazard — Compression due to moving ball

As previously noted, ball drop and rebound energies may be substantial and ball travel may
be erratic. Care should be taken to ensure that all operators, assistants and persons in the
area are alert and wearing appropriate personal protective equipment.

6.2 Sample

The sample size is 30, excluding any specimens rejected for pre-existing damage. Failures
associated with breakage upon double bounce are included in the sample, but the values are
treated as late suspensions (see 7.2). Specimens that fail from their edge, and those that do
not fail at the maximum dropping height are also treated as late suspensions. If there are
more than 10 suspensions, the testing fails and a new sample should be selected. If this
occurs due to a high proportion of edge failures, actions may be taken to increase specimen
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edge
streng

Upon

strength or to perform an alternate surface strength test such as a biaxial flexural

th via ring-on-ring.

receipt of a new sample, the following steps shall be taken:

a) Determine and record the following information:

sample identification,
sample specimen nominal dimensions: length, width, thickness,
requesting person,

determine whether existing test fixtures are compatible. If not, change them

b) Re

c) Dd

sp
ad

d) Th
6.3

Comp

cord the fixture dimensions or identification number.

termine whether a height adjustment factor is needed. This could be due-to t
ecimens with a different thickness than the thickness used to designthe
ustment beam or due to a different specimen holder than that used in_th€ design.

oroughly clean the testing area.
Individual specimen

ete the following steps on each specimen of the sample.(The working surfaces ¢

esting
height

hould

be clgan and free of anything that can induce damage. Application of the polymeric adhesive

tape

fragm
a) De
b) In
c) Cy

s intended to preserve the fracture surface and to\reduce the scattering of
bnts upon breakage.

termine and record the specimen identification{inumber.

spect for any damage. If damaged, report this,but do not include in the testing.

t a section of polymeric adhesive tape thiat can cover the specimen and place it

Si

d) Gently attach one edge of the specimen to one end of the tape.

e) G
f) C3
g) PI

h) Se
) R

e up on the working surface.

ntly lower the rest of the specimen onto the rest of the tape.
refully trim the excess tapejaway from the specimen.

hce the specimen in the“test holder with the polymeric adhesive tape side
wnward.

t the armature fora<15 cm ball drop.
peat the following for each drop:
Load the ball.

Drop the)ball.

If no,breakage, catch the ball. If there is no initial breakage but the ball is not g

glass

sticky

facing

aught
nen is

andthe second impact results in breakage, the height is reported, but the specir
a ctennndnAd

i) At

markad o
oKt o—SouoptHata-

If no breakage, check that the sample remains correctly positioned within the fixture

and move the armature up 5 cm and repeat 1) to 4).

this point, breakage occurred or the maximum height has been reached without
breakage. Record the height and note whether the specimen should be suspended due to
edge failure. If the height is maximum without breakage, also note the specimen as a
suspension.

k) Regain possession of the ball and thoroughly clean the area.

6.4

Complete the report

The calculations will normally be done by computer:

a) Enter the sample identification and dimensions.
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b) Complete the breakage energy calculations of 7.1.

c) Complete the Weibull analysis of 7.2.

d) Print the report.

7 Calculations

7.1

Breaking energy

The breaking energy, E, in units of Joules, is given as equation (1).

where
m is
h is
c is
g is
7.2

The

param
e W
e W

o the 10t percentile fracture energy, Byg (J)

The nj
param

(17) apd (18) of IEC 61649:2008"in order to accommodate suspensions as variable cens

Follow

The s

m (h+c)
1000 100

E =

the ball mass (g)
he armature height (cm)
B correction factor for specimen nominal thickness variatiop-(cm)

he gravitational acceleration factor = 9,81 m/s2
Statistical calculations

Veibull analysis standard, IEC 61649, shall) be used to calculate the fol
eters:

bibull scale parameter, 5 (J)

bibull shape parameter, S

aximum likelihood estimate, (MLE) method of calculation shall be used for the W
eters. See 9.6 of IEC 61649:2008. The following equations are adapted from equ

hape parameter is the value of g that satisfies equation (2).

2015

(1)

owing

eibull
ations
pbring.

ing the notation oftlEC 61649, let ¢; represent the valid fracture energy values, with i=1
to r, and let T; representthe suspended values, with j=1 to s.

Given

r S
Sl + Y 1l InT,
= =1

T T~
- - -E-?Zmz,.:o (2)
WDV
i=1 =1
this value for the shape parameter, the scale parameter is given as equation (3).
18
1 r ﬁ S ﬂ
n= 7{26‘ +Z;Tj ] 3)
= Jj=

The point estimate of the 10" percentile, B, is calculated using 9.8 of IEC 61649:2008 and
equation (20) of IEC 61649:2008. Equation (20) is repeated here as equation (4) for
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