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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing Part of ISO 16525s is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates
closely with the International Electrotechnical Commission (IEC) on all matters of electrotechnical

standardiz

ation.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Adhesives — Test methods for isotropic electrically
conductive adhesives —

Part 6:
Determination of pendulum-type shear impact

SAHETY STATEMENT — Persons using this part of ISO 16525 should be familiay wirh normal
labpratory practice. This part of ISO 16525 does not purport to address all of the safety[problems,
if apy, associated with its use. It is the responsibility of the user to establish apptroprjate safety
and health practices and to ensure compliance with any regulatory conditiens:

IMBRORTANT — Certain procedures specified in this part of ISO 16525-might involve fthe use or
gernleration of substances, or the generation of waste, that could constitute a local environmental
hazard. Reference should be made to appropriate documentation dn)safe handling and disposal
aftér use.

1 [Scope

Thip part of ISO 16525 specifies the pendulum-type test-methods for impact strength qf isotropic
eledtrically conductive adhesives used in mounting components products on substrates.

2 |[Normative references

The following documents, in whole or in _part, are normatively referenced in this documgnt and are
indispensable for its application. For datéd references, only the edition cited applies. For undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

[SO|291, Plastics — Standard atmospheres for conditioning and testing
[SO|472, Plastics — Vocabulary
[SO|10365, Adhesives — Designation of main failure patterns

1SO|13385-1, Geométnical product specifications (GPS) — Dimensional measuring equipment — Part 1:
Callpers; Design.and metrological characteristics

[S0|13385-2;"Geometrical product specifications (GPS) — Dimensional measuring equipment — Part 2:
Calljper depth’gauges; Design and metrological characteristics

3 Tarmcand dofinitianc
TCTISantr aCIIrIcIoTnsS

For the purposes of this document, the terms and definitions in ISO 472 and the following apply.

3.1
impact strength
ability of a material to resist shock loading

3.2
pendulum-type impact test
test using apparatus consisting of a pendulum swinging at a sample of material

© ISO 2014 - All rights reserved 1
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3.3

accelerometer
pendulum-type device that applies impact force to a specimen

3.4
displacem

ent sensor

instrument to measure the movement distance of the hammer in an impact test

3.5

total impact energy

E

total enerir required to break a specimen in an impact test
r

Noteltoe

3.6
maximum
L
maximum

Note 1 to enftry: It is expressed in Newton (N).

3.7
maximum
I

energy to 1

Note 1 to enftry: It is expressed in joule (]).

4 Pringiple

This part @
joints man

An apparat

y: Itis expressed in joule (]).

force

force generated during an impact test

impact energy

each the maximum impact force

f 1SO 16525 specifies procedures for measuring the impact properties of adhesively bonided
ifactured with isotropic electrically conductive adhesives by pendulum-type impact tesf.

us, which consists of a pendulunihead swinging at a sample of material, is used. The engrgy

transferreLto the material is measured by an accelerometer installed in the pendulum head or haminer.

The total i

5 Testd

5.1 Basic performance of the impact tester

The impac

pact energy is calculated by measuring the passing speed of the hammer.

)pparatus and-circuit

testershall meet the following requirements.

a) potent

ial’energy of the pendulum: Ep=0,1] =5 %;

b) hammer speed:vi=1,0m/sto 1,2 m/s.

5.2 Stru

cture of the hammer

A pendulum-type hammer consists of a striker (see Figure 1), which applies impact force to the specimen,
and an arm, which connects the rotating shaft and the striker. The structure of the arm shall make the
elastic deformation energy loss of the arm negligible.

The striker shall be manufactured using durable materials, which are unlikely to be damaged when
the specimen is broken. To calculate the energy accurately, the centre of gravity should be as close to

the point o
tungsten).

fimpact as possible. It is preferable to use a material with high specific gravity (for example

© ISO 2014 - All rights reserved
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To ¢
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Dimensions in millimetres

»VL

V=100 :

Figure 1 — Form of the striker

Measurement with the hammer

of impact.

Megsure Fy with the hammer raised so that it is perpendicular to the rotation shaft after t

ass

bmbled.

Use|Vernier callipers or a height gauge to measure Ly from the point of impact.

Use|
of e

Cal

ach result.
ulate the potential energy, Ep, in joules, of the pendulum using Formula (1):

Ep :FH ~LH(1—COSO{)

whére

Cal

whg

a isthe initial arm angle to vertical.

ulate the hammer speed,(v},*(m/s) using Formula (2):
Vi =4,43/Ly(1-cosx)

re

a isthe.nitial arm angle to vertical.

alculate the potential energy, E, measure the vertical force, Fy, and the distance)Ly, from the point

ne tester is

measurement devices of sufficient accuracy such that precision of the measurements is within *1 %

e8]

(2)
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0%

Figure 2 — Measurements necessary for calculation of potential energy

5.4 Scope of test

The angle, p, of the hammer arm can be set arbitrarily as shown in Figure 2. Thetotal impact energyy, E,
of the specjmen is less than 80 % of the initial potential energy, Ep. Note that the hammer speed is 1 m/s
or greater.

5.5 Struicture of the tester

The structfire of the tester is shown in Figure 3.

4 © ISO 2014 - All rights reserved
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1 |accelerometer A\ 6  specimen-fixing stage
2 |specimen \O 7 PC
3 |hammer .\(\}‘ 8  AD converter
4 |displacement sensor C)\ 9  accelerometer charge amp.
5 |impact position @ N 10 displacement sensor amp.

o
N

5.6 Specime&@?ng stage

Theg specim %{ing stage should be stable so that it does not vibrate or release the sped
impact. Thé ecimen-fixing stage should be equipped with a micromanipulator to adjust th
in the -W, and Z-directions. It is also preferable that it has a mechanism to adjust the c¢
stri’< ce to the centre of the specimen face to be hit.

9

1

.

7 AN\
Yy \ 3

Figure 3 — Structure of the tester

imen upon
P specimen
ntre of the

5.7 Measurement instruments

5.7.1 Accelerometer

Measure the acceleration of the hammer at the time of impact using the accelerometer. Fix the
accelerometer near the point of impact. Choose an accelerometer with a mass that does not influence

the mass of the hammer.

The mass of the accelerometer should be less than 1 % of the mass of the hammer.

When selecting an accelerometer, assume that the maximum acceleration generated during an impact
testis 100 G. Sampling frequency should preferably be 100 kHz at least.

© IS0 2014 - All rights reserved
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5.7.2 Displacement sensor

Measure the speed of the hammer using the displacement sensor. Use a non-contact type, such as a laser-
positioning sensor. Install the displacement sensor within 5 mm of the point of impact of the hammer.

Resolution of measurement should not exceed 1/100 mm and sampling frequency should be 25 kHz or
higher.

5.7.3 Observation instruments

Before carrying out a test, ensure that the specimen and the tip of the striker are at the centre.

Use an insfrument with 5x magnification or higher to facilitate accurate location.

5.7.4 Hammer releasing mechanism

The hammier releasing mechanism should be automatic (for example electromagnet-based) so that it
does not inffluence the hammer speed. The rotation shafts of the swing arm and the "ammer arm shquld
preferably pe independent so as to reduce mechanical friction. Measure the speedof wide swing 10 times
beforehand using the built-in displacement sensor. The range of 10 measureménts should be within 2 %.

6 Specimen

6.1 Form of specimens

Specimens|should consist of the following layers: a square adhetend, an isotropic electrically conductive
adhesive, and a square adherend. An example of specimens'ts shown in Annex A.

6.2 Dimensions and tolerances of specimens

Dimensiong and tolerances of specimens are specified as follows.

6.2.1 Le]:gth of the side and its measurement
a) Thelength of the side is in the range of 2 mm to 3 mm; its tolerance shall be within +0,5 mm.

b) To megsure the length of tHe side, use Vernier callipers with a precision of 0,05 mm, as specified in
ISO 13B85-1 and ISO 13385*2, or equivalent in terms of precision.

6.2.2 Thjckness and{its' measurement

The range pf thickness and its measurement are specified as follows.

a) Theth|ckniess ofaspecimen columnbaseis 0,8 mm and its tolerance is within #0,1 mm. The thickness
of an i§otropic electrically conductive adhesive is 0,1 mm and its tolerance is within £0,02 mm.

b) To measure the thickness of the side, use Vernier callipers with a precision of 0,02 mm, as specified
in ISO 13385-1 and ISO 13385-2, or equivalent in terms of precision.

6.3 Standard atmospheric conditions

The test atmospheric conditions should, in principle, be standard temperature class 2 (23 °C + 5 °C)
specified in ISO 291. Alternative atmospheric conditions may be used upon mutual agreement between
the delivering and receiving parties. In such cases, record the temperature used in a test report.

6 © ISO 2014 - All rights reserved
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7 Operation

7.1 Loading of specimen and position of impact

When placing a specimen on the specimen-fixing stage, ensure that there is no gap between the stage and
the bottom of the specimen. Adjust the specimen and the centre of impact within 1/10 of the dimensions
of the specimen. Before starting a test, confirm that the physical relationship between the fixed side of
the specimen and the specimen-fixing stage does not allow them to interfere with each other.

7.2 _Conformance of specimen

Check the fracture mode after testing to judge whether or not the specimen contained ¢xceptional
defects, such as large voids or inclusions.

Note For preparation of a specimen, see Annex A.

8 [Calculation of impact strength

8.1/ Calculation — General

The calculation of impact strength is specified as follows.

8.2| Calculation of total impact energy
The calculation of total impact energy is specified asfellows.

Measure the travelling time and distance of thethammer before and after the impact using a laser-
displacement sensor and determine the speed-by differentiating the travelling distance|over time.
Based on the speed before and after the impact and mass of the hammer, and Formula (1), calculate
totdl impact energy, E, using Formula (3)¢Figure 4 shows an example of measurement. For cqrrection of
megsurements, see Annex B.

© ISO 2014 - All rights reserved 7


https://standardsiso.com/api/?name=031f2dab6040849f535c13e90826911f

ISO 16525-6:2014(E)

Key @ )
time (n}/s) C)O
hammer speed (m/s) O .
froes

speed dfter impact
&
hammer Q‘

displacgment s §Y
impact p051t1v3~

Flgure 4 — Example of measurement using a laser-displacement sensor

speed Hefore impact

Gl W N R <
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1 2 1 2
E=—mv{—-=m-v
2 1 o772

where

E  isthe total impact energy (]);

v1 isthe speed immediately before impact (m/s);

(3)

8.3
Thd

whg

b)

V2 15 the speed immediately alter impact (Im/s);

m is the mass of the hammer (kg).

the mass, m, of the hammer and measured acceleration, a, over time, and integrate load
maximum foreg/over displacement (see Figure 6).

Calculation of maximum force and maximum impact energy
calculations of the maximum force and maximum impact energy are specified as follows.
Measure the travelling time and acceleration of the hammef,using an accelerometer (se
and calculate loads using Formula (4). Among those calgulated, let the maximum 1
maximum force.
N=m-a
re
N istheload (kg'm/s2);
m is the mass of hammer (kg);
a isthe acceleration (m/s2).
Determinion of tHeymaximum impact energy: determine the displacement by integr3

e Figure 5)
bad be the

(4)

ting twice
s up to the

© IS0 2014 - All rights reserved
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Key

U s W N

10

accelerpmeter

specimgn

hammer

impactposition

P O
specimen-fixing stage \l‘
.\0
Figure 5 — Example of measurement using an acceleration sensor
o
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maximum impact energy

Figure 6 — Example of load:displacement curve

Checking the fracture mode

ck the fracture after the test and determiine the fracture mode in accordance with ISO 1(

Test report

test report shall contain the following items. Some items may be selected from items b)
rement between the delivering and receiving parties:

areference to this part of ISO 16525, i.e. ISO 16525-6;
name of theqisetropic conductive adhesive and its data, including kinds of resin, fillg

manufactuser’s code, and lot number;

praceédure);

365.

to g) upon

r material,

assembly procedure of the specimens (curing temperature, time, and pressure of the adhesive

d)
e)
f)
g)

©IS

1. . L1 o | L .l 1l 1 L -
UIITICIISIUILS Llcllgl.ll Ul bluCJ dIllU LUIIC ITUIITU<El Ul bchllllCllD,
date, institution, and atmospheric conditions of the test;

total impact energy, maximum force and maximum impact energy;

conditions used for calculation of total impact energy, maximum force and maximum impact energy

(for example mass of hammer and acceleration).

02014 - All rights reserved
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Annex A
(normative)

Example of preparation of specimens

A.1 Pro radure for nrenaration of three-laver snecimens
. eauire1o HeR-othlree-idvyelr-spe

o T preopa T T Yy P eIt Tny

A.1.1 Procedure — General

The prepartation of specimens is specified as follows.

A.1.2 A;1plication of an isotropic electrically conductive adhesive

Application of an isotropic electrically conductive adhesive is specified as follows.

a) Use two plates whose length, width and thickness are 30 mm, 20 mm ‘and 0,8 mm, respectively, as
bases.|Grind them using No. 1 500 and No. 4 000 sandpapers. Place a-0,1 mm spacer on them jand
apply 4n isotropic electrically conductive adhesive. An example i§ shown in Figure A.1.

4
Key
1 squeegge
2 isotropjc electrically conductive adhesive
3  spacer
4  (Cu) copper
a

Directi¢n of application.

ki A1 — Auolication.ofi ic electricall tuctive adhesi

b) Remove the spacer from one of the bases and laminate the bases.

A.1.3 Curing of the assembly
The curing of the assembly is specified as follows:

a) place a 200 g weight on the three-layer structure specified in Figure A.2 and put the assembly into
an oven;

b) cure in accordance with the manufacturer’s recommendations for the isotropic electrically
conductive adhesive;

12 © ISO 2014 - All rights reserved
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c) after curing, leave the assembly at room temperature until its temperature decreases to room
temperature.

A.1.4 Cutting the assembly into specimens
The cutting of the assembly into specimens is specified as follows.

a) Cut the assembly into pieces whose dimensions are specified in 6.2.1 a). Figure A.2 shows an
example.

Dlmenswp\le millimetres

16"1/

Key] $
1 |[Cu A’\Q)

2 |isotropic electrically conductive adhesive \O

O

Figure A@ Example of impact test specimen

b) |Decide on the size of the @ﬁmens based on the following factors.

1) Minimum size: 31zes of the specimens should be large enough to avoid the ipfluence of
cutting dam ut the assembly into pieces in three or more different sizes and carry out

10 shear t which are described in JEITA ET 7409/102:2005, on each specimen] The range

in whic @e strength per bonded area is constant is a range in which there is no ipfluence of
cuttiv@d If one of the specimens breaks during a series of tests, or if one of the|specimens

is to have strength per bonded area that is smaller compared to specimens ih the other

, the specimen is said to have been influenced by the cutting load. Therefore,|specimens

&§ ould be larger than the broken or influenced specimen.

ZJ  Maximum SIZe: the SIZes ol the specimens should allow them to be broken by the hammer in an
impact test. If the observed energy equals or exceeds 80 % of the initial potential energy of the
hammer, ignore the measurements. Therefore, determine the maximum size by carrying out an
impact test 10 times on each of the specimens in different sizes and measuring energy of each
specimen.

A.1.5 Drying the specimens
Drying of specimens is specified as follows:

a) Dry specimens at 100 °C for 2 h or air dry in the atmosphere for seven days to remove moisture
absorbed in the isotropic electrically conductive adhesive when specimens are cut.

b) Check the relationship between the number of days of air drying and shear strength.

© ISO 2014 - All rights reserved 13
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