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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 International Standards 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 standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

There is a growing demand for reliability of metal-plastic joints to make lightweight cars and aircraft,
which leads to fuel savings and reduced carbon dioxide emissions. Dissimilar joints of plastics and
metals is also an important technology for manufacturing high-performance, low-cost electronic
components.

Against this background of industrial trends, new bonding technologies are being developed and test
methods for assessing the joint performance of metal-plastic assemblies manufactured in various
bonding processes need to be standardized.

[S0|19095-1 through ISO 19095-4 were developed for the metal-plastic assemblies to assefs the joint
strgngth, sealing properties and environmental durability.

Thip document provides a test method to evaluate metal-plastic interfacial fracture enefgy and to
chafacterize the failure behaviour of joints. This test is therefore useful for qualifying a jointfs ability to
resist fracture in order to ensure joint integrity.

© IS0 2023 - All rights reserved v
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Terms and definitions

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

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

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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31

energy to initiate fracture

W

total input energy needed to bring the test specimen up to fracture initiation

Note 1 to entry: It is expressed in joules, J.

Note 2 to entry: Wy is determined from the load-displacement curve recorded during the test, by integration, as
specified in Clause 6.

3.2

fracture efrergy
Wg
energy per|unit width of the joining area (e,)

wg = W/e,

Note 1 to enftry: It is expressed in joules per metre, |/m.

3.3
precrack
non-adhering part of the adjacent faces the two adherends of the joint, actihg as a crack initiator

3.4
precrack length
a,;
length of the precrack (3.3) in the longitudinal direction of therjoint

Note 1 to enftry: As specified in Figure 1.
Note 2 to enftry: It is expressed in metres, m.

3.5
‘nominal drack’ length (before fracture)
a
distance frjom the load line (i.e. the linetthrough the centres of the holes for the insertion of the loading
pins) to the tip of the precrack (3.3)

Note 1 to e:]:ry: As specified in Figure.2.

Note 2 to enftry: It is expressed-in‘metres, m.

4 Test §pecimens

4.1 Shape andsize

5 3 rding-toFiguret—Metal-and-plastie plateshaving-athiekness of
2,0 mm # 0,1 mm, length w and width e;, are joined in such a way as to leave a part of the two plates on
one side of the laminate (hatched area in Figure 1, top) not bonded. This part will serve as a precrack,

with length a,. Specimen dimensions are as specified in Figure 1.

Test specirefrs—sh aH-be-prepare

To apply the load to the test specimen, load blocks are tightly bonded to both sides of the plastic-metal
laminate in accordance with the geometry as specified in Figure 2.

The length, g, of the ‘nominal crack’ should preferably be in the range 0,45 < a/W < 0,55, and the
specimen width, e, is preferably equal to W/2.

2 © IS0 2023 - All rights reserved
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Dimensions in millimetres

)
251
Al A2
/ = 1
/ o]
W /'é\z
ay
w
e; w a;
12,5+0,2 17,5+ 0,2 50+0,1

Key
a; | precrack length

e; | width of the joining area

length of the metal and plastic plates
metal plate 2,0 mm * 0,1 mm thick

N = =

plastic plate 2,0 mm #* 0,1 mm thick
A1 | precracked part
A2 | joining part

Figure 1 — Test specimen for interfacial fracture energy measurement

4.2| Procedute-for test specimen preparation

Befpre bonding, the surfaces involved in bonding are degreased and carefully inspected|to exclude
pospible contamination. In the case of anisotropic materials, the reference direction shall befmarked on
each adherend.

The precrack part (A1 in Figure 1) is prepared either by coating with non-stick ink the defined surface
of the metal adherend (see Figure 3), or by inserting a piece of non-stick film, which is recommended to
be PTFE with a thickness between 50 um and 100 um, between the metal and the plastic plates.

The metal and plastic plates are bonded either by adhesive, or directly by injection moulding-or
compression moulding, or by other methods.

In the case of adhesive bonding, the thickness of the adhesive layer shall be carefully controlled
and shall be less than 1 mm. The thickness of the layer shall not vary by more than 20 % within one
joint, and the average thickness of the layer in one joint shall not differ by more than 20 % from that
in another joint in the sample. When the adhesive is fully consolidated, remove any excess adhesive
by mechanical means carefully enough not to weaken the bond, so as to leave the joint with smooth
sides. The average thickness of the consolidated adhesive layer shall be determined for each specimen

©1S0 2023 - All rights reserved 3
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by measuring the total thickness of the bonded laminate and subtracting the thicknesses of the two
adherends. The value of the layer thickness shall be selected by the user, based upon the adhesive
manufacturer's recommendations or in consideration of the intended application. It is beyond the scope
of this document to specify full manufacturing details of the joints to be tested. Such information should
be sought from the adhesive manufacturer and/or the substrate manufacturer.

The test specimen thus prepared shall be tightly bonded to the load blocks made of metal using a
suitable adhesive, as specified in Figure 2. The material of the load blocks is recommended to be an
aluminium alloy or stainless steel. The adhesive can be of any type as long as it has sufficient stiffness
and strength not to fail during the test. The preparation of the test specimens shall be in accordance
with 1SO 17212

Dimensions in millimdtres

J 1

3 ! ( —

Sn T
/4\2

a
W B
L
H, H; w B a d
31+ 0, 30 +0,2 13,5+ 0,2 25+0,2 12,5+02 | 12,5+0,1 5+0,1

L overall width of the loading blocks

W  distan¢e between thedoading line (line through the centres of the holes for the loading pins) and the back ¢dge
of the Jaminate

H; overallheight

H, distang¢e bétween centres of the two pin holes in the loading blocks, symmetrically located with respect tq the
crack plare

d  diameter of the pin hole

B width of the adherends and of the loading blocks
a ‘nominal crack’ length (before fracture)

1 metal plate 2,0 mm + 0,1 mm thickness

2 plastic plate 2,0 mm # 0,1 mm thickness

Figure 2 — Arrangement of the test specimen between the loading blocks

If the test specimen detaches from the loading blocks before it fractures in the plastic-metal bonding
region, the test is invalid. In an attempt to avoid this, the joining area may be reduced up to 50 % of the

4 © IS0 2023 - All rights reserved
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original joining area (as specified in Figure 1) by masking the surface of the substrate as indicated in
Figure 3. The width of the masked area, e, is less than B/4.

Al
)
= LV
= A2 ®
o
a;
Key
B | width of the adherends (metal or plastic plate): e +2e,=B
e; | width of the joining area, with the condition: eg > E
4
e, | total width of the mask area, with the condition: e, E
4

A1 | precrack part
A2 | joining part
M | masked part

Figure 3 — Masking of partof the adherends surface to reduce joint strength

5 |Test procedure

5.1 Test machine

The test machine shall satisfy the requirements of ISO 5893. The load indicator shall show thg total load
carfied by the t€st“specimen. This device shall be essentially free from inertia lag at the fest speeds
usef. It shallindicate the load with an accuracy of at least 1 % of the actual value.

5.2| Loading rigs

Thetestspeehnenisioaded -byconnecting thejaws-of the-tensiletesterto-theload bleeks+Hat hold the
specimen via two pins inserted into the holes in the load blocks. The displacement of the load points
during the test is measured near the pins (see 5.3). An example of a loading clevis designed for this test
is shown in Figure 4.

© IS0 2023 - All rights reserved 5
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Key
S  symbol
L length

Figure 4 — Clevis designed for interfacial fracture energy measurements
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5.3 Displacement measurement

An accurate displacement measurement is required to determine fracture energy accurately. The
displacement is recorded during the test. The transducer shall be essentially free from inertia lag at
the test speeds used. It shall measure the displacement with an accuracy of 1 % of the relevant length
or better. The effects of the transducer on load measurements should also be negligible (that is <1 %). A
compensation for machine compliance shall be installed and used in a way that the required accuracy
class will be achieved under load (see ISO 9513).

The displacement measurement shall be performed using the machine’s stroke (position) transducer.
If the machine’s stroke transducer has insufficient precision, then an externally applied displacement-
megsuring device shall be used. The device shall be mounted across the loading pins tonjeasure the
displacement at the load point.

Exalct positioning of the gage on the specimen is essential, yet the gage shall be released withgut damage
whén the specimen breaks. Displacement gage and knife-edge designs shall provide for free|rotation of
the[points of contact between the gage and the specimen. A recommended design for a self-qupporting,
reldasable displacement gage is given in Figure 5.

The specimen shall be provided with a pair of accurately-machined knife’edges on the met4l blocks to
support the gage arms. The knife edges may be machined in the metakblocks as suggested ifp Figure 5.

It ig not the intent of this test method to exclude the use of othertypes of gages or gage-fixing devices.

1

Ol ——
O

I3

]]00

Ay

600

Key

1 |optional integral-machined knife edge

Figure 5 — Example of displacement-measuring device, double-cantilever clip-in displacement
gauge showing mounting by means of knife edges of the metal block

5.4 Measurements of test specimen dimensions

All dimensions of the joint under test (that is of the test specimen) including its ‘nominal crack’ length
but excluding the dimensions of the loading blocks and the clevis shall be reported in the test report
(see Clause 9).

Readings of the precrack length, a;, shall be taken at 5 points along the front of the precrack: at the
edges, in the centre and halfway between the centre and the edges. To make these readings possible,

©1S0 2023 - All rights reserved 7
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the joint must be broken open so that the front line of the precrack is visible. These measurements can
therefore only be performed after completion of the test. Care should be taken that it is the original
precrack tip that is observed since slow crack growth may have occurred during the test. The precrack
length shall differ by no more than 10 % over the entire precrack front. The average of five (5) valid
readings shall be reported in the test report [item d) in Clause 9].

5.5 Conditioning

The test specimen shall be conditioned as specified in the appropriate standard for the material
concerned. In the absence of this information, the most appropriate set of conditions from ISO 291 shall

be selected
parties, for

5.6 Test

There is a

the sequenice when the strain measurement shall be put to zero (see ISO 527-1). It i$-recommended

23 °C and
time and t
times less 1
least five te

6 Evalu

The energy
In most casg
(in the init
The line 0
portion of 1
axis inters
latter poin

Calculate t
area e;.

amt-thecomditiommg tinre tsat feastt61,umtess otherwiseagreedupom by thetteres
example, for testing at elevated or low temperatures.

procedure

noment in time when the load measurement shall be put to zero, there is agiven momer

h test speed of 10 mm/min to be used as the basic test conditions. In all cases, the loac
e environmental temperature shall be measured. Speeds greaterythan 0,1 m/s and loac

bsts for each set of conditions.

ation of the fracture energy

to initiate fracture Wy is calculated from the load-displacement curve as shown in Figut
es, there is some non-linearity in the curve and this can be mainly due to machine complig

is drawn, in such cases, to the load-displaceément curve with the slope of the initial liy

pct to the point at which the first abrupt drop of the load occurs (F,,
[ is conventionally assumed to represent fracture initiation.

2 1s calculated.

ted

tin
fhat
ling
ling

han 10 ms should preferably be avoided since dynamic effects may-cause errors. Carry oyt at

e 6.
nce

al part of the curve) and plastic deformation.atthe crack tip (just before fracture initiation).

ear

he diagram. The area under the curve frem'the point (0) where the line and the displacenjent

The

he fracture energy wy as the energy to initiate fracture Wy divided by the width of the joifing
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Fmax

Key
F |force

I |initial nonlinearity
D |displacement

Figure 6 — Typical type of load-displacement curve and definition of energy to infitiate
fracture (W)

7 |Failure pattern and test validation

Metjal-plastic joints can beyclassified into two main types: (a) adhesive joints and (b) direct jpints. Their
failyire patterns, in acdepdance with ISO 10365, can be classified into the types shown in Figtire 7.

In adhesive joints‘(type a), the failure can occur at either of the two interfaces metal/adhesjve (Key 2)
or glastic/adhesive (Key 4), or within the adhesive layer (Key 3), or within either of the two pdherends,
metjal (Key 1Jor plastic (Key 5).

In direet\joints (type b) the failure can occur at the metal/plastic interface (Key 7) or insid¢ the metal
(Key®), or the plastic (Key 8).

In Keys 2, 4 and 7 failure is designated as interfacial or “adhesive failure”; in Keys 1, 3, 5, 6 and 8, failure
is designated as “cohesive failure”.

©1S0 2023 - All rights reserved 9
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a) Adhesive joint
mas LS
Yﬁ\ M
P
| T
] L
Vg [T | | T [ e
b) Directjoint
Key
1  cohesive failure in metal 7  interfacial failure at metal/plastic interface
2 interfadial failure at metal/adhesive interface 8  cohesive failure in plastic
3 cohesivle failure in adhesive layer L loading block
4  interfadial failure at adhesive/plastic.interface M metal
5  cohesive failure in plastic A adhesive
6  cohesive failure in metal P  plastic
Figure 7 — Loci of failures in adhesive joint and direct joint
The latter fasesiare outside the scope of this test procedure. Consequently, in these cases the test shall
be considefed INVALID and the measured value of wy shall be rejected as it does not comply with|the
requirements-set out in this test procedure.

Mixed modes of failure can also occur, where the failure is partly “adhesive” and partly “cohesive” along
the crack front or along the path of the advancing crack or both. These cases are also outside the scope
of this test procedure and therefore the test must be considered INVALID and the measured value of wg
shall be rejected.

The type of failure pattern that has occurred shall be assessed by visual inspection of the fracture
surface on the two parts of the broken joint, after the test. Since the test aims to characterize the
resistance of the joint to fracture at initiation, only the features of the initial portion of the fracture
surface extending 2 mm beyond the tip of the precrack (corresponding to a crack growth of 2 mm) shall
be considered to assess the validity of the test.

10 © IS0 2023 - All rights reserved
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