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Strength against dynamic impact by a sharp object
with the specimen rigidly supported

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of IEC/ is to q
Fnational co-operation on all questions concerning standardization in the electrical and. electronic fie
end and in addition to other activities, IEC publishes International Standards, ,Teehnical Specifi

lication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee int
he subject dealt with may participate in this preparatory work. Intecnational, government
Lgovernmental organizations liaising with the IEC also participate in thi§)preparation. IEC colla
ely with the International Organization for Standardization (ISO) in accordance with conditions detg
greement between the two organizations.

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interi
sensus of opinion on the relevant subjects since each technical committee has representation f
rested |IEC National Committees.

Publications have the form of recommendations for intérnational use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are.made to ensure that the technical content
lications is accurate, IEC cannot be held responsible' for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IECxNational Committees undertake to apply IEC Publ
sparently to the maximum extent possible_in their national and regional publications. Any divg
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity. Independent certification bodies provide co
pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent €ertification bodies.

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

iability shall attach to IEC or its directors, employees, servants or agents including individual exp¢g
hbers of its technical.committees and IEC National Committees for any personal injury, property dan
r damage of any_.nature whatsoever, whether direct or indirect, or for costs (including legal feg
enses arising ouf\ of the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

Epensable, for the correct application of this publication.

ntion“isNdrawn to the possibility that some of the elements of this IEC Publication may be the su
nirights. IEC shall not be held responsible for identifying any or all such patent rights.

prising
romote
Ids. To
ations,

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

Erested
al and
borates
rmined

ational
rom all

ational
of IEC
or any

cations
rgence
ated in

formity
for any

rts and
hage or
s) and
er IEC

ntion is drawn~to the Normative references cited in this publication. Use of the referenced publicafions is

bject of

International Standard |EC 61747-40-5 has been prepared by technical committee 110:
Electronic display devices.

The text of this International Standard is based on the following documents:

FDIS Report on voting
110/936/FDIS 110/958/RVD

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document 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 document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document 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.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indi¢ates
that [it contains colours which are considered to be useful for the cdrrect
undernstanding of its contents. Users should therefore print\this document using a
colour printer.
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INTRODUCTION

Mobile electronic devices have become increasingly sophisticated and often incorporate
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 document 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.

The Ipternational Electrotechnical Commission (IEC) draws attention to the fact thalt it is

claime
IEC t3

The h
either
applic
is reg

Aslahi Glass Co., Ltd.

1-
Attent

subjeq
identif

1SO (V

relevgnt to their standards. Users are encouraged to consult the databases for the mosf

date i

d that compliance with this document may involve the use of a patent.
kes no position concerning the evidence, validity and scope of this patent right.

pblder of this patent right has assured the |IEC that he/she is willihg™to negotiate lig
free of charge or under reasonable and non-discriminatoryterms and condition
ants throughout the world. In this respect, the statement of the“holder of this paten
stered with IEC. Information may be obtained from:

b-1Marunouch,Chiyoda-ku, Tokyo, 10-8405 Japan

on is drawn to the possibility that some of the elements of this document may
t of patent rights other than those identified above. IEC shall not be held responsi
ying any or all such patent rights.

vww.iso.org/patents) and IEC (http#//patents.iec.ch) maintain on-line database of p

hformation concerning patents.
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LIQUID CRYSTAL DISPLAY DEVICES -

Part 40-5: Mechanical testing of display cover glass for mobile devices —

Strength against dynamic impact by a sharp object
with the specimen rigidly supported

1 Scope

This part of IEC 61747 is a mechanical performance testing procedure for cover glass‘d
electrpnic displays in mobile devices. This document focuses on the measurement.of s

5ed in
irface

impact energy required to fracture a specimen due to the collision of sharp particles onto the

surfade of a cover glass. This is achieved by dropping a ball on a sheet of coated abr
placed on the cover glass, which is rigidly supported. The failure mode |s associate
damage introduction via sharp contact. Crack propagation is enhanced by central teng
the case of strengthened glass. This failure mode represents one”\of several field
modes$ observed in mobile devices.

2 Nprmative references

The following documents are referred to in the text in~such a way that some or all o
content constitutes requirements of this document{For dated references, only the ¢
cited applies. For undated references, the latest edition of the referenced document (inc
any afnendments) applies.

IEC 61649:2008, Weibull analysis

IEC 61747-40-1, Liquid crystal display* devices — Part 40-1: Mechanical testing of d
coverlglass for mobile devices — Guidelines

ISO 6B44-1, Coated abrasives »~ Grain size analysis — Part 1: Grain size distribution test
ISO 8p12-2, Surface plates — Part 2: Granite

JIS R6111, Artificial\abrasives

3 Terms-<and definitions

hsives
1 with
ion in
ailure

f their
dition
uding

isplay

For the purposes of this document the fnllnwing terms and definitions npply

ISO and IEC maintain terminological databases for use in standardization at the foll
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

specimen
individual piece of glass to be tested for failure

owing
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le

group of specimens sharing a common pedigree (such as manufacturing process and period

of pro

3.3
samp

duction), for which failure statistics can be generated and reported

le size

number of specimens in a sample

3.4

nominal value

value

3.5

coate
abras
fabric

3.6

rigidly supported

specimen-supporting condition in which one of the surface$ jis in contact with a flat,

minim

4 G

This

Typically, surface fracture is caused by the dynamic contact with a sharp object, and ¢
tension enhances the crack propagation. In this"document, coated abrasives are emplo

replic

This t
sampl

aboutwhichatoterance Tange is—specified

d abrasives

with a bonding agent

plly-compliant surface without adhesives

leneral

est simulates the fracture of a cover glass'on its surface when rigidly supp

te ordinary ground surface and the impact is introduced by dropping a steel ball.

pst is statistical in nature. A ball“is dropped onto each of a number of specimen
e. The energy required to break each specimen is recorded. Statistics that mig

ve tool including abrasive grain which adheres to a flexible substrate,such as paper or

orted.
entral
yed to

s in a
ht be

specifjed 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 heig

fixed i

The typical energy required to break specimens will depend on the thickness of the spe
and the internal stress distribution. Sample breakage values should only be compared

the th

The s

from 0,55\mm to 2,0 mm. The combination of ball mass and drop height yields the bre
y.\Jhe apparatus allows for drops of up to 50 cm. A ball mass of 4 g can be adequate for

energ

[ncrement for drops that'do not result in breakage.

ckness of the'samples is the same.

becimens to be tested are typically larger than 40 mm x 40 mm with a thickness r4g

by a

cimen
when

nging

pkage

specimens with a thickness ranging from 0,55 mm to 1,0 mm. Thicker or stronger specimens
can require a larger ball for a 100 % breakage from a drop height of 50 cm.

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

a who

le as well as for an individual specimen. Clause 7 describes the calculations.

It is assumed that all measurements are performed by personnel skilled in the general art of
mechanical property measurements. Furthermore, it shall be assured that all equipment is
suitably calibrated as is known to skilled personnel and that records of the calibration data

and tr

aceability are kept.
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5 Apparatus

5.1 Testing environment and pre-conditioning

The standard testing environment is specified in IEC 61747-40-1. Specimens shall be stored
in such an environment for at least 4 h before testing.

5.2 Apparatus overview

Figure 1 shows the overview of the apparatus.

F—=( —O<— G

B

/
|

Ty |

IEC

Height adjustment beam
Base (granite)
Specimen

Coated abrasives
Armature

Ball release/mechanism

Height adjustment clamp

Ball\rélease controller

Ball (while dropping)

« — T @ Mmoo m >

Base

Figure 1 — Apparatus overview

5.3 Height adjustment beam

This beam shall be long enough to allow drops from a maximum height of at least 50 cm. It is
perpendicular to the testing surface. It shall be marked with distances from the test surface in
increments of 1 cm. The test surface is the top surface of the coated abrasives when it is set
on the specimen. Drop distance is the distance from the test surface to the bottom of the ball
when it is attached to the ball release mechanism.
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5.4 Base (granite)

This base shall be made of granite, and shall be rigid and fully supported to ensure minimal
energy absorption by the structure. Absorption of energy by the base can lead to a variation in
the energy applied to the specimen. The dimension of the granite base shall be at least
200 mm (W) x 100 mm (D) x 50 mm (H). Top surface quality shall be grade 0 or 1 as specified
in ISO 8512-2.

5.5 Coated abrasives

The abrasive particle of the coated abrasives shall be made of alumina or silicon carbide (SiC)
abrasives _as_specified in JIS R6111 and the particle size shall be P30 as stipulated in
ISO 6B44-1. Flatness of the coated abrasives should be such that the abrasive grif is in
conta¢t with the surface equally over the full length. The dimensions of the sheet 'of ‘goated
abrasijves shall be larger than the fluctuation of the contact point. The positien ¢f the
specimmen shall be moved 3 mm from the previous testing point after each drop~and replaced
with a|new sheet after every 10 drops.

5.6 Armature

This ¢onnects the ball release mechanism to the height adjustment beam. It shgll be
perpepdicular to the height adjustment beam.

5.7 Ball release mechanism

The [|ball release stabilization mechanism shall\ be used. Either electromagnetic,
vacuum-assisted or precise ball position stabilization{system is recommended. This ernsures
free gfavitational acceleration of the ball upon release.

Tethefing or the use of a guide tube are’not acceptable means of ball release @nd/or
guidance.

5.8 |Height adjustment clamp

This Holds the armature at a height that is indicated by the height adjustment beam while a
ball is|set and dropped from that height. The clamp is released following the ball drop tq allow
movement to a different height.

5.9 Ball release controller
The controller is-an*electronic switch with two states:

a) load and held ball;
b) release-ball.

5.10 Ball

The ball used for testing shall be produced from a steel alloy with Rockwell hardness of C60
to C67, and shall possess a reflective surface finish. The diameter tolerance shall be no
greater than +0,05 mm from the nominal value, and the deviation from sphericity shall be no
greater than 0,025 mm. Ball mass shall be within £2,0 % of the specified value, and the actual
(measured) mass shall be used for all energy calculations.

5.11 Base

The base used to support the height adjustment beam shall be stable enough so as not to
introduce unnecessary movements during testing.
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6 Procedure

6.1

6.1.1

Safety

Hazard — Broken glass

Wear safety glasses with side panels at all times. Wear gloves when handling broken glass.

6.1.2

Hazard — Compression due to moving ball

As previously noted, ball drop and rebound energies can be substantial and ball travel can be

errati

Care should be taken to ensure that all npnrni‘r\re’ assistants and persons. in-the area

are al

6.2

The s
that f4
treate
and tg
of 11,
test c
ofa4

Upon
1) De

2) Ds
3) R{
4) De

Sp

adjustment beam or due to a different specimen holder than that used in the design.

5) Th

6.3

brt and wearing appropriate personal protective equipment.

Sample

hmple size is 30, excluding any specimens rejected for pre-existing damage. Spec
il from their edge, and those that do not fail at the maximum dropping height ar
H as late suspensions (see 7.2). If there are more than 10 suspgnsions, the testin
st conditions such as ball weight should be reviewed. Instead/ef‘a 4 g ball, using
B g (14 mm in diameter) is recommended. If maximum breakage height is less thar
bnditions should also be reviewed. In such case, a lighter\ball should be used. In
g ball, a 2 g ball (8 mm in diameter) is recommended.

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

termine and record the following information:

sample identification;

sample specimen's nominal dimensions:length, width, thickness;
requesting person.

termine whether existing test fixtures are compatible. If not, change them.
cord the fixture dimensions orvidentification 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 design the

oroughly clean the)testing area.

Individual specimen

Comp

tape Is dntended to preserve the fracture surface and to reduce the scattering of

be clean and-free of anything that can induce damage. Application of the polymeric adhesive
fragm1nts upon breakage:

ete the(following steps on each specimen of the sample. The working surfaces 5

imens
b also
g fails
a ball
5 cm,
stead

esting
height

hould

glass

a) Determine and record the specimen identification number.

b) Check the surface of each specimen before the test by visual inspection. If damaged,
report this, but do not include in the testing.

c) Cut a section of polymeric adhesive tape that can cover the specimen and place it sticky
side up on the working surface. Drawing a grid (typically 3 mm spacing) on the tape

Su

rface is useful as a marker of a specimen shift after each dropping.

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

e) Gently lower the rest of the specimen onto the rest of the tape.

f) Carefully trim the excess tape away from the specimen.

g) Place the specimen onto the base of granite with the polymeric adhesive tape side facing

do

wnward. Set the armature for a 1 cm ball drop.
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h) Repeat the following for each drop:
1) load the ball;
2) drop the ball;
3) wait 10 s after the drop.

i) Remove the coated abrasives from the specimen and check to see whether there is
breakage in the specimen. Check carefully because breakage can be faint in this test.

j) If no breakage, check that the sample remains correctly positioned, replace the coated
abrasives on the specimen, move the specimen 3 mm from the previous testing point,
move the armature up 1 cm and repeat steps a) to d).

k) At ; ithout
breakage. Record the height and judge whether there is a need to review the test
conditions. If the height is too low or the height is at maximum without breakage, feview
test conditions. If the maximum breaking height for all the specimens is_ less thanp 5 cm
or[the height is 50 cm without breakage, review the test conditions. In_ the/former|case,
of a lighter ball, or in the latter case, use of heavier ball is recommended.

I) Regain possession of the ball and thoroughly clean the area.
6.4 |[Complete the report
The calculations will normally be done by computer:

— enfer the sample identification and dimensions;
— complete the breaking energy calculations of 7.1;
— complete the Weibull analysis of 7.2;

— print the report.
7 Chlculations

71 Breaking energy

The bfeaking energy, E, in units of;joules, is given as Formula (1).

m h+c
£ =000 ¢ (100 ! W
wheref.
m s the balkmass (g)
h s thesarmature height (cm)
c s‘@ correction factor for specimen nominal thickness variation (cm)
g s the gravitational acceleration factor = 9,81 m/s?

7.2 Statistical calculations

The Weibull analysis document, IEC 61649, shall be used to calculate the following
parameters:

— Weibull scale parameter, 7 (J)

— Weibull shape parameter, g

— the 10 percentile fracture energy, By (J)

The maximum likelihood estimate (MLE) method of calculation shall be used for the Weibull

parameters. See |IEC 61649:2008, 9.6. The following formulae are adapted from Equations
(17) and (18) in IEC 61649:2008 in order to accommodate suspensions as variable censoring.
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Following the notation of IEC 61649, let ¢, represent valid fracture energy values, with i = 1 to
r, and let T represent the suspended values, with j = 1 to s.

The shape parameter is the value of g that satisfies Formula (2).

r S
Biny. B\nT.
;ti Int,+Z;TJ. InT; D e
1= =
/ ——-7Z|mi =0 (2)

r S IB -
PIEDNIS .
i=1 j=1

Given|this value for the shape parameter, the scale parameter is given as Formula(3).

118
s3]
r\ iz =l

The ppint estimate of the 10th percentile, Bjq, is calculated using IEC 61649:2008, 9)8 and
Equatjon (20), which is repeated here as Formula (4) for convehniénce.

Byg =n[-In(0,9)[“% (4)

In addition to the calculation of statistical parameters, a Weibull plot is required (see 8.2). See
IEC 61649:2008, 7.2.3, for instructions on how.to produce such a plot. A typical Weibull plot is
shown in Figure 2.

‘ Ball drop: Weibull plotiwith 90 % confidence interval

Percent

1 T T |
0,01 0,1 1 10

Energy (J)
IEC

Figure 2 — Typical Weibull plot
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