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Uni-axial flexural strength (4-point bend)

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,nearly as possible, an inter
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 in\thfeir national and regional publications. Any dive
betyween any IEC Publication and the corresponding.hational or regional publication shall be clearly indi
the |atter.

IEC] itself does not provide any attestation_of. Conformity. Independent certification bodies provide cor
assessment 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.
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Electronic display devices.

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

CbhV Report on voting
110/568/CDV 110/608A/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.


https://iecnorm.com/api/?name=5c7e45cd83f3b1264fb32362df6c9377

-4 - IEC 61747-40-2:2015 © IEC 2015

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 40-2: Mechanical testing of display cover glass for mobile devices —

Uni-axial flexural strength (4-point bend)

1 Scope

This
used

measyrement of as-received edge strength via uni-axial flexure generated by.a fou

bend.

2 N

The fd
are in
undat

amengments) applies.

IEC 6
cover

IEC 6

3 T

3.1

For the purposes of this documeént, the following terms and definitions apply.

3.1.1
speci
indivig

3.1.2
samp

group

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

prmative references

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

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

649:2008, Weibull analysis

brms, definitions and abbreviations

Terms and definitions

men
ual piece of glass to be tested to failure

e
of ,specimens sharing a common pedigree (such as manufacturing process and

glass
n the
-point

nt and
s. For
any

isplay

beriod

of pro

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

3.1.3

sample size
number of specimens in a sample

3.1.4

nominal value

value

3.1.5

about which a tolerance range is specified

strength
normalized load at which fracture occurs
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Note 1 to entry: For glasses without a compressive surface layer, strength can be equated to the fracture stress.
In cases where non-linearities prevent a suitable conversion from load to strength (or stress), load at fracture
should instead be reported.

3.2 Abbreviations
PTFE polytetrafluoroethylene

4 General

This test measures edge strength by forcing a pair of parallel load bars (anvils) through a
specimen that is supported by a pair of paraIIeI support bars. The two pairs of bars shall be

. rt bar
s are

ength
iven in

The specimens to be tested are typically 44 mm to 60 mm in widthi-and 60 mm to 110 jmm in
length, with thickness ranging from 0,55 mm to 2,0 mm. When the specimen is placed ¢n the
suppolrt bars, a pair of opposite edges shall be aligned to be{parallel with the supporf bars.
Before the specimen is placed on the support bars, the surface that will contact the loa¢ bars
is covered with a layer of polymeric adhesive tape to preserve the fracture surface, redufe the
scattefring of glass fragments upon fracture, and minintize contact damage. The suppoit rods
are also covered with PTFE tape and may be rollers) also to minimize contact damage and
friction.

The ggeneral requirements of the apparatus are-given in Clause 5. Apparatus dimensions can
be affected by specimen dimensions. These’ relationships are outlined in 5.4. It shodild be
noted|that direct comparisons cannot.be*made between specimens tested under different
appargatus/fixture dimensions or at different cross head traverse rates.

Testing procedures are given in Clause 6.

It is apsumed that all measurements are performed by personnel skilled in the generalfart of
mechanical property measurements. Furthermore, it should be assured that all equipment is
suitablly calibrated as.'is’known to skilled personnel and that records of the calibration data
and trpceability are Kept.

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 four hours before testing.

5.2 Testing frame

The testing frame provides the aspects needed for the controlled vertical movement of some
mechanical elements relative to a test fixture surface. It also includes a load cell to indicate
the applied force of these mechanical elements against other mechanical elements that are
attached to the test surface and detectors to indicate displacement from the start of motion. A
controller is also required to coordinate the necessary motions. These may be driven by
external commands or by load cell responses. Examples of motion directives include:

e Jog up or down.

e Slow manual up or down until the stop button is pushed.
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e Return to a preset start of test.

e Tr

averse downward at a fixed rate until fracture is detected, then stop.

e Emergency stop.

In addition to providing motion control and measurement of load, the controller shall, at
minimum, report the fracture load, allow the setting of the load rate and the display load as a
function of time and/or deflection from the start of the test. Other features can include:

e The collection, organization, storage, and reporting information entered for the sample, its
specimens, fracture load data, and statistical analysis results.

sn and

The npain structural elements of the testing frame shall be made of steel with)dimefsions
large gnough so compliance is essentially zero with respect to the maximum force that yill be
applield. This maximum force depends on the specimens being tested, but should generally be

less than 10 kN. These elements include:

e the testing surface,

e veftical support columns,

e a ¢ross head,

e motion tractors within the support columns,

e logd cell assembly and attachment mechanisms.

The njinimum and maximum rates of motion shall encompass the range of 0,001 mm/m|n and
1 000 mm/min.

The cpntroller shall sample the load cell and displacement detectors at a minimum rpte of
10 kHE.

The Ipad cell shall be calibrated against a known weight, force gauge or load cell and be

linear
reset

to within 1 % over the maximum applied force. The load cell shall be capable of

complete. It shall also include~an attaching mechanism.

Figurg 1 illustrates some’of the elements of the testing frame.

being

o zero after the attachment of mechanical elements to it before the apparatus sgtup is
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identifies the requirements of the dimensional characteristics, which can depend on spe|
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surface
port columns
5s head (moves up and down)
d cell assembly
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Figure 1 — Testing‘frame

Test fixture and setup
huse 5.3 outlines the generic test fixture elements and setup procedure. Subclau

cteristics.

rfimary test fixture elements_are the support assembly and the load assembly. The

illustrated from Figure 2 to Figure 5. Other test fixture elements include:

e CI
o P
o Mzg
e Mi

bmps used to fastenithe support assembly to the test frame testing surface.
FE tape used to cover the support bars.
chined installation gage to align the support and load assemblies.

crometer with flat anvil faces and resolution of 0,002 mm or better.

e 5.4
cimen

5€ are
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IEC

NOTE |[The key to the letters is provided in Figure 5.

Figure 2 — Support assembly (side view)

A

—

1['
)
y

IEC

NOTE |[The key to the letters is proyided in Figure 5.

Figure 3 — Support assembly (top view)
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NOTE |The key to the letters is provided in Figure 5.

Figure 4 — Load assembly (side view)

\77/3

+ e
b

IEC

Key
Support bars with optionahrollers
Support bar separation, 4g

Support assembly attachment surface
Support assembly body

Loafd bars

Loagdbars/separation, d;

®@ M m O O W >

Compression bar

Figure 5 — Load assembly (bottom view)

Setup steps include:

a) Attach the load assembly to the test frame load cell assembly at the compression bar.

b) Reset to zero on the load cell.

c) Cover the support bars with PTFE tape.

d) Roughly center the support assembly below the load assembly.

e) Place the installation gage onto the support bars so the bottom grooves contain the bars.

f) Slowly, lower the cross head and adjust the support assembly until the load bars are
contained in the installation gage top grooves.
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g) Clamp the support assembly onto the test frame testing surface.

h) Raise the cross head until the separation of the load and support bars is suitable for
loading a specimen and set the start point.

The installation gage bar is a machined metal block with top and bottom grooves
corresponding to the load bars and support bars respectively. It is used to assure parallel
alignment of the two assembilies.

When assembled, the bars shall be parallel to 0,05 mm per 25 mm in length and concentric to
within 0,25 mm. The parallelism requirement applies to:

e S ppult bar-to auppwt brar-
e Lopd bar to load bar.

e Sypport bars to load bars.
5.4 |Test fixture dimensions

The tgst fixture dimensions are driven by the specimen dimensions: léngth, /, width, %, and

thickngss, 4. The radius of the load and support bars shall be greatenthan /2.

The Ipad and support bar lengths shall be large enough te,‘accommodate the maximum
specimen width.

The height of the support assembly body shall be sufficient to accommodate the maximum
specimen deflection. This is influenced by several factors such as the following, and best
determined experimentally:

e Ydung’s modulus of the material under test.

e Fracture strength of the specimens under test.

e Specimen thickness and width.

The sppport bar separation, dg, and-foad bar separation, 4|, are set in terms of the ngminal
specimen length, /,,,, as in equations (1) and (2).

4

dg sglnom (1)
1

d =—d 2

L=75 (2)

The sppport bar separation is critical to obtaining comparable testing results because it can
affect The Weibull scaling parameter (see /.2). Unless oiherwise speciiied, the support bar
separation is 36 mm = 0,5 mm.

These dimensions are partly intended to prevent non-linearities in loading behavior due to
large specimen deflection, slippage and/or run-out failure. The latter occurs when the
deflection is large enough to draw the specimen ends past the support bars. In this case, the
failure load does not correspond to specimen fracture, but rather to the load at which the
specimen slipped out of the support bars. The associated load values shall be suspended
(see 7.2). This failure mode can often be observed as an unusual discontinuity in the applied
load graph. Figure 6 shows a normal load versus time graph, as well as a case of large
deflection with associated slippage due to non-optimized span distances.

Support bar separation of 36 mm is needed to avoid excessive run-out failure on strengthened
glasses. It provides 20 % excess glass on each side of the support bar rather than the base
recommendation of 10 % excess glass.
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4 000 — Appropriate span setting
— — Inappropriate span setting
3500 /
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= e
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Appropfiate span settings are required to avoid non-linearities due to large specimen deflections, slippage and/or

run-out

=

5.5

The |
traver
data d

6 P

6.1
6.1.1

failure. The finely dashed lines are simply a guide(to the eye.

Loading rate
pbading rate during testing shall be constant. It is given in terms of the cross

5e rate. Unless otherwise'specified the rate is 5 mm/min. As with fixture dimen
enerated from testing-at different loading rates are not directly comparable.

focedure

Safety

Hazard — Broken glass

igure 6 — Example load traces for appropriate and inappropriate span settingp

head
sions,

Wear

6.1.2

cqfnfy glaeene with side pnnnle atall times. \Aear gln\/ne when handling broken glf

Crush hazard — Only one person may operate the testing frame

SS.

Operator injury may occur if more than one person operates the system. Before working in the
hazard area between the upper and lower fixtures, ensure that other personnel cannot
operate the computer system or other controls.

6.1.3

Crush hazard — Take care when installing or removing a specimen

Installation or removal of a specimen involves working inside the hazard area between the
fixtures.

o Keep clear of the fixture at all times.

o Never enter the hazard area between the fixtures while the cross head is moving.
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6.1.4 Hazard — Press the emergency stop button when an unsafe condition is
observed

If an unsafe condition is observed, press the emergency stop button. Correct the unsafe
condition before resuming testing.

6.1.5 Flying debris hazard — Ensure that specimens are installed correctly

Always install the specimens in the center of the fixtures in line with the load path. Incorrect
specimen installation creates stresses which can break the fixtures. The high energies
involved can project broken parts some distance from the test area.

6.1.6 Hazard — Protect control cables from damage or disconnection

Proteg¢t all cables, particularly transducer cables, from damage. Damage tof contrql and
feedback cables can induce an open loop condition which may drive the cross.‘head fo the
extremes of its motion.

6.2 |Sample

The spmple size is 30, excluding any specimens rejected for pre-existing damage. VYalues
assoc|ated with test run-out failure, surface breaks or edge breaks originating from outgide of
the lopd bar are included in the sample, but the values are, tr€ated as late suspension$ (see
7.2). |f there are more than 10 suspensions, the testingAfails and a new sample shiall be
selected.

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

a) Determine and record the following information:
e | sample identification,
e | sample specimen nominal dimensions: length, width, thickness,
e | requesting person.
b) Ddtermine whether existing test-fixtures are compatible. If not, change them (Clause [5).
c) Rgqgcord the fixture dimensions or identification number.
d) Sdt and record the loading rate.

e) Dgtermine and record whether width is to be measured on each specimen. If specimen
wiflth varies less than 5 % of average, the average width may be used for each specimen.

f) Sqt the start-of<test height for the testing frame.

g) Z€ro the wmicrometer. This is done by gently closing the anvils with no specimen prgsent,
and pressing the reset button.

6.3 Individual specimen

Complete the following steps on each specimen of the sample. The working surfaces should
be clean and free of anything that can induce damage.

a) Determine and record the specimen identification number.

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

c) If required (see 6.2), measure and record the width.

d) Measure and record the thickness to the nearest 0,001 mm. This measurement shall be
done at a location on the specimen that is away from any edge and in a location that will
not be stressed (the overhang area).

e) Cut a section of polymeric adhesive tape that can cover the specimen and place it sticky
side up on the working surface.

f) Gently attach one edge of the specimen to one end of the tape.
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g) Gently lower the rest of the specimen onto the rest of the tape.

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

i) Return the test frame to the start-of-test position and place the specimen onto the support

ba

NO

rs with the polymeric adhesive tape side up.

TE The load bars will touch the polymeric adhesive tape side.

j) Start the test sequence.

k) Observe the load vs. time graph and other signs of testing progress for any abnormalities.

If abnormalities are observed (such as run-out failure), this may be cause to suspend

the result.

[) Rgcord the failure load. Following this, calculate and record the failure stress (see‘/

m) Ingpect the fracture pattern to determine whether the break source originated fro
edge between the load bars, the edge underneath the load bars, the edge~outside

lo
or
Fi
Fi
su

n) Re

NOTE

d bars, or away from any edge. All but the first and second type listed; in"which
ginates from an edge either underneath or between the load bars, shall be suspe
gure 7 illustrates a normal edge fracture pattern illustrating the desired failure

rface fracture.
move the broken glass and thoroughly clean the area for the next test.

| ‘- s L
/ (';.[!.'IIM i ‘i
.;4{]%‘! e |

{1
| i V II‘ i b i )
Lk =‘.I;:;‘,.‘:J.ulh‘.n,'.i.
RN, LTRRAAAP- DAY E - SR I LER TR

|
IEC

Such.a fracture represents the desired failure mode, and thus the resulting data point is treated

1).

m the
of the
ailure
nded.
mode.

gure 8 illustrates an edge failure underneath the load bar, while"Figure 9 illustrates a

BS non-

suspen

Hed The dark vertical bars indicate the approximate load bar positions, while the white arrow tip rep|

Fesents

the fail

TE OTgiTT foCation.

Figure 7 — Edge fracture originating from between the load bars
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NOTE |Such a fracture originates from underneath the load bar, and thus the resulting data point is trepted as
nonsuspended. The dark vertical bars indicate the approximate load\bar positions, while the white afrow tip
represgnts the failure origin location. %

Figure 8 — Edge fracture originating {{gn underneath the load bar
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NOTE Such a fracture represents an undesired failure mode, and thus the resulting data point is suspended. The
dark vertical bars indicate the approximate load bar positions, while the white arrow tip represents the failure origin
location.

Figure 9 — Surface fracture originating from between the load bars

6.4 Complete the report

The report shall include, at a minimum, the information found in 8.1. Individual customers may
require additional information.
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Depending on the capabilities of the testing frame controller, preparation of the report may
require the statistical analysis items in 7.2 to be calculated, stored, and printed on another
computer.

7 Calculations

7.1

Strength calculations

The following equations have been found applicable for the types of glass for which this
standard is intended. Other types of glass may have non-linearities at elevated deflections.

Streng

w =9

h =9

L = f{racture load (N)

7.2

The
param

o W
e W

e th¢ 10" percentile failure stress, B,y (MPa).

The nj
parani

th, o, (MPa) is given as a function of fracture load (N) as equation (3).
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Statistical calculations

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

bibull scale parameter, n (MPa).

bibull shape parameter, S.

(3)

owing

aximum likelihood estimate (MLE) method of calculation shall be used for the W
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17) asEd (18) of IEC 61649:2008 in order to accommodate suspensions as variable cen
i

justified by‘considering a surface break. If the surface flaw had not been prese
edge flawwwould have failed at a larger stress than the failure stress that is calc
surface flaw. In a sense, the testing of the edge flaw was terminated before failur

ing the notation of IEC 61649, let ¢; represent valid failure strength values, with i

eters. See 9.6 of{EC 61649:2008. The following equations are adapted from eql{tions
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let L represent the suspended values, with j =1 to «

The shape parameter is the value of  that satisfies equation (4).

Given
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this value for the shape parameter, the scale parameter is given as equation (5).

(4)
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