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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 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 neededfor
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

Structures of heterogeneous materials are being manufactured in the automobiles and aerospace
industry sectors where higher safety margins are required.

The existing test methods are not appropriate because the evaluation of the adhesive interface is
difficult as the polymer material has a relatively low mechanical strength and therefore fractures
outside the joints. Therefore, it is necessary to develop a methodology for the evaluation of the adhesive
interfaces.

metnod O eV 0 a 0T a3y, s dhe OT ATeT agmaya

auate 4 s s 3 ation of long-
evaluation under harsh environments is also necessary.

Theg method in ISO 19095 is intended to ensure that the integrity of the joint is realized through the
intdrface and that traceability of the value improves the data comparison.

Thip part of ISO 19095 defines the conditions to evaluate the long-term durability.

© ISO 2015 - All rights reserved v
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Plastics — Evaluation of the adhesion interface
performance in plastic-metal assemblies —

Part 4:
Environmental conditions for durability

SAHBETY STATEMENT — Persons using this part of ISO 19095 should be familiap with normal
labpratory practice, if applicable. This part of ISO 19095 does not purport to address all of the
safety problems, if any, associated with its use. It is the responsibility of the user tq establish
appropriate safety and health practices and to ensure compliance with any regulatory
conditions. It is recognized that some of the materials permitted in this part of ISO 19095 might
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Scope

5 part of ISO 19095 specifies the environmental conditieris to evaluate the durability for th
rface performance in plastic-metal assemblies.

Normative references

following documents, in whole or in.part, are normatively referenced in this documsg

rences, the latest edition of the referenced document (including any amendments) applidg
472, Plastics — Vocabulary

19095-1:2015, Plastics-'= Evaluation of the adhesion interface performance in pl
mblies —Part 1: Guideline for the approach

19095-2, Plastics ~~/Evaluation of the adhesion interface performance in plastic-metal as
t 2: Test specimens

19095-3, Plastics — Evaluation of the adhesion interface performance in plastic-metal as.
F 3: Testmethods

60068-2-11, Basic environmental testing procedures — Part 2-11: Tests — Test Ka: Salt mis|

e a negative environmental impact. As technological advances lead to more acceptable
rnatives for such materials, they will be eliminated to the greatest extent possible.|At the end
he test, care should be taken to dispose of all waste in an appropriate manner in accordance

e adhesion

nt and are

spensable for its application. For dated references, only the edition cited applies. For undated

S.

astic-metal

cemblies —

semblies —

3

Terms and definitions

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

3.1
she
T

ar stress

<fatigue test> stress determined by dividing the force by the bonded surface area

Note 1 to entry: It is expressed in megapascals (MPa).

©IS
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3.2
static shear stress

TR
<fatigue test> average static shear stress at rupture as determined by ISO 4587

Note 1 to entry: It is expressed in megapascals (MPa).

3.3

stress cycle
<fatigue test> smallest part of the stress/time function which is repeated at regular intervals

Note 1 to enftry: IT15 of sinusoldal form (see Figure 1) with undulating snear.

Note 2 to erftry: Cyclic stress can be considered to be the superposition of an alternating stress on a static stfress
which is thg mean stress.

A

1 stress cycle

Y

Stress, t
A

Stress
amplitude

max

Range of vhriations
in strgss
1

’m

':
Maximum stress, t

Mean stress, t
A -

Minimum
stress
mil

Time

Figure 1 — Fatigue stress cycle

3.4
maximum stress

Tmax
<fatigue tegt> greatest algebraic value reached at regular intervals by the stress

Note 1 to er1try: Itis expressed in megapascals (MPa).

3.5
minimum stress

Tmin
<fatigue test> smallest algebraic value reached at regular intervals by the stress

Note 1 to entry: This stress shall always be positive and is expressed in megapascals (MPa).

3.6

mean stress

Tm

<fatigue test> algebraic mean of the maximum and minimum stresses

Note 1 to entry: It is expressed as:

2 © IS0 2015 - All rights reserved
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T = Tmax * Tmin
" 2
3.7
stress amplitude

Ta
<fatigue test> alternating stress equal to half the algebraic difference between the maximum and
minimum stresses

Note 1 to entry: It is expressed in megapascals (MPa).

Note 2 to entry: It is expressed as:

T —
I.:l'l’lélX

a 2

T min

fatigue limit
D
<fatigue test> limiting value which the stress amplitude 7, approaches when the numbdr of cycles
becpmes very large, for a given mean stress 7y,

Not¢ 1 to entry: For some materials, stress amplitude versus thesntimber of cycles does not reach a limiting
valye but decreases constantly on increasing the number of cycles lirthis case, it is useful to determjne a limit of
endprance.

3.9
limjit of endurance

()
<fatigue test> shear stress determined at a specific number of fault test cycles N

Note 1 to entry: It is expressed in megapascals'\(MPa).
Note¢ 2 to entry: The tests are carried out'at constant 1y, and the results should be presented in the form:

p(JF, Tm) in megapascals (MPa)

31

seryice life
N

<fatigue test> numbeérof stress cycles applied to a specimen until it has reached the choser] end of the
tes

Note 1 to entpys Where it has not failed, the service life is not defined but is termed greater than the tgst duration.

31

cycleratio
n/N
<fatigue test> ratio of the number of applied cycles (n) to the service life (N)

Note 1 to entry: This ratio is used in tests with load bearings, together with an SN curve (Woehler’s curve).

3.12

SN curve

<fatigue test> curve, allowing the resistance of the material to be seen, which indicates the relationship
observed experimentally between service life N, shown conventionally in abscissae (logarithmic scale)
and stress T, Or Tmax Shown in ordinates in linear scale (typical curve in Figure 1)

Note 1 to entry: This curve is established by keeping 7, constant. The SN curve is defined by the relationship
between amplitude of stress and service life. On this curve (Figure 2), we can distinguish

© IS0 2015 - All rights reserved 3
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—the endurance zone where, for a given stress, failures as well as non-failures for a number of fault test cycles NF
can be identified, and

—the fatigue zone where, for a given stress, all the specimens fail at the end of a number of cycles less than the
number of conventional fault test cycles N mentioned above.
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Key
PA  polyamide

PP polygropylene

PPS  polyghenylene sulfide

Figure 2|— Semi-logarithmic plots of typical SN curves of plastic-aluminium 5052 assemblips
tested:at 30 Hz at room temperature

4 Test §pecimen

4.1 Form of test speeimen

See ISO 19095-2.

4.2 Conglition of test specimen

See ISO 19095-3.

5 Test procedure
5.1 Temperature dependence test

5.1.1 Apparatus
See ISO 19095-1.

4 © IS0 2015 - All rights reserved
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5.1.2 Test procedure

After keeping the test specimen under the condition described in ISO 19095-1 for 48 h, select the
corresponding temperature groups from (=40 + 3) °C, (=20 £ 3) °C, (0 + 2) °C, (40 £ 2) °C, (60 * 2) °C,
(80 £ 2) °C, (100 £ 2) °C, (120 + 3) °C, (140 £ 2) °C, (160 + 3) °C, and (180 * 2) °C and carry out the test.
The test specimen shall be kept at the specified temperature for 10 min.

5.1.3 Presentation of result

Based on the strength in respective temperature obtained in 5.2, develop a strength-temperature line

gra nh. Figure 3 shows an pvqmp]p

Y 4

40 |
23°C

30

20 }

0 I ] I ] I I I I I ] >
60 -40 -20 0 20 40 60 80 100 140 160 X

Key]
X |temperature (°C)
Y |strength (MPa)

Figure 3y Sample line graph of strength-temperature

5.2 Thermal shocktest

5.2]1 Apparatus
See|lSO 19095-1.

5.2]2C- Test procedure

After keeping the test specimen under the condition described in ISO 19095-1 for 48 h, leave the test
specimen in a constant low temperature chamber preset to (-40 + 3) °C for (2 £ 0,5) h.

Take the test specimen out from the chamber and place it immediately in the chamber adjusted to
the high temperature shown in Table 1, and repeat the temperature cycle as specified in Table 1 and

Figure 4.

Respectively, after 10, 50, 100, 200, 500, 1 000 repetitions of the temperature cycle, take the test
specimen out from the chamber, leave it under the condition described in ISO 19095-1 for more than
2 h, and carry out the test.

© IS0 2015 - All rights reserved 5
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Table 1 — Conditions of thermal shock test

Preset temperature Exposure time
Classification
High Low T2, T4 T1,T3
I 80 °C
I1 120 °C -40°C 1h 5 min or less
I 150 °C

High temperature

Normal temperature

Low temperature

T2 I3[ T4

\ A
'y

Y

y

A

Y

A

A
A

Figure 4 — Thermal shock testpattern

5.2.3 Presentation of result
Based on the performance result after each number-of repetitions obtained in 5.1.2, develop a strength-
repetitiond line graph.

5.3 Temperature/Humidity cyclic test

5.3.1 Apparatus
See ISO 19095-1.

5.3.2 Tejt procedure

After keeping the testspecimen under the condition described in ISO 19095-1 for 48 h, place the pjece
in a constdnt temperature and humidity chamber and set the chamber to (25 + 2) °C and (65 £ 2() %
of humidity. Ledye'it under such condition for (2,5 + 0,5) h and conduct the test in accordance with|the
patterns s;recified in Figure 5.

6 © IS0 2015 - All rights reserved
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Respectively, after 2, 5, 10, 20 repetitions of each pattern, take the test piece out from the chamber,
leave it under the condition for between 1 h and 2 h as described in ISO 19095-1, and carry out the test.

1 5

Y / 2 4 >

A

2h 4h 2h 10h 2h 1h

 And
)
>0

1 cycle (24h)

A
v

Key
time

temperature (°C)

(60 £ 2)°C, (90 £5) % RH
45%2)°C,(95+5) % RH
(-10x2)°C

(23£2)°C,(65+2) % RH
interval without humidity control

Ul o W N R =< X

Figure 5 — Temperature/Humidity cyclic test pattern

5.3]3 Presentation of result

Based on the performance result after each number of repetitions obtained in 5.3.2, develop p strength-
repgtitions line graph.

5.4 High temperature and high humidity test

5.4]1 Apparatus
See|lSO19095-1.

5.4.2 Test procedure

After keeping the test specimen under the condition for 48 h as described in ISO 19095-1, carry out the
test in accordance with the conditions specified in Table 2.

After leaving a test specimen in a chamber respectively for 24 h, 48 h, 168 h, 336 h, 672 h, 1 000 h,
1500 h, 2 000 h of testing time, take the test specimen out from the chamber, leave it for more than 2 h
under the condition described in SO 19095-1:2015, Clause 4, and carry out the test.

© IS0 2015 - All rights reserved 7
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Table 2 — Conditions of high temperature and high humidity test

Test temperature (85 +2)°C

(85 +2) %

Relative humidity

5.4.3 Presentation of result

Based on the performance result for each testing time obtained in 5.4.2, develop a strength-testing time

line graph.

5.5 Salt|mist test

5.5.1 Apparatus

See ISO 19

5.5.2 Te

After keep
carry out t

After leavi
1 500 h, 2
running ta
dripping u

After rema
ISO 19095-

5.5.3 Pr

Basedont

95-1.

5t procedure

ng the test piece under the condition for 48 h as described in 1S6219095-1:2015, Claus
he test in accordance with the provisions of IEC 60068-2-11, Clatise 4 to Clause 7.

hg a test piece in a chamber respectively for 24 h, 48 h, 96yh, 168 h, 336 h, 672 h, 1 00
000 h of testing time, take the test piece out from the‘¢chamber, and clean for 5 min
p water. Subsequently, clean it with distilled watet~or deionization water and remnj

ving the drips, leave the test piece for between T+h and 2 h under the condition describe
1:2015, Clause 4 and carry out the test.

bsentation of result

e outcome of 5.5.2, develop a streéngth-test time graph.

5.6 Fatigue test

5.6.1 Pr

The specinen is cyclically stressed in a way that can be regarded as the superposition of an alternag

stress on a

The numbyq
used to es
fatigue res

nciple

static stress which is the mean stress.

br of cycles'at failure of the specimen is determined for a given 1y, and 5. These values
ablish.SN“curves which then permit the estimation of the confidence zone concerning
stan€e-of a joint.

bing an air-spray. Here, the temperature of water used for cleaning shall be 35 °C or lowet.

e 4,

[0 h,
vith
ove

d in

—

ng

are
the

5.6.2 Ge

eral conaitions

Plastic-metal assemblies can be subject to creep, even at ambient temperature, under the effect of a
non-zero mean stress . Ensure before the fatigue test that the mean stresses used during the test
period do not cause a failure due to creep to be attributed to a failure due to fatigue.

Fix the spe

cimens, depending on the type of specimen tested.

Bring the specimen up to its mean stress 7, and then up to the test frequency so that the amplitude 7,

is reached.

5.6.3 Apparatus

See ISO 19095-1.
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4 Testprocedure

After keeping the test specimen under the condition for 48 h described in ISO 19095-1, unless otherwise
specified separately, carry out the test in accordance with the condition specified in Table 3 referring

as follows.
Table 3 — Fatigue test conditions
Frequency 30 Hz
Mean stress (tm) 0,35 7R
5.6/4.1 Construction of the SN curve, at a given mean stress value 1,

Spe
lead

5.6
occ
Det

In t
mef

Wh
lim
If t}

spe

5.6
witl

5.7

In
ap

a)
b)
‘)
d)

cimens shall be tested for fatigue properties after assessing the static shear strength g o
t six specimens of the same configuration.

4.1.1 Test at least four specimens for each of the amplitudes 1, chesen, such that, t
ir between 104 and 107 cycles. A minimum of three different amplittides is necessary in
ermine the limit of endurance at 107 fault test cycles Nf.

his region, the correct determination of a point on the SN curve requires the use of 4
hod.

bre the specimens are tested individually, the staircasé\method is used to determine the
t 74 (Np Tm) (see Annex A).

e fatigue machine used is equipped with a jig\allowing the simultaneous testing of
Cimens, the results are processed in accordance'with the data reclassification method (se

4.1.2 Plot the SN curve, passing through the centre-line points and the endurance limit
1 coordinates (7, log N) which permits.a’straight line to be obtained.

Report

ddition to the report des¢riped in ISO 19095-2, the following shall be included in the tes
opriate:

number of this paftef ISO 19095, i.e. ISO 19095-4;
pre-processing conditions;
type of environment, conditions, and the number of repetitions (time) of the test;

formeftest specimen;

e)

n alot of at

he failures
this range.

statistical

endurance

a group of
e Annex B).

T5 (N F Tm)

treport as

test result;

f)

test date.
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Annex A
(normative)

Staircase method (or Dixon and Mood’s method )

A.1 Prineiple
A maximuin test duration (number of cycles) and a staggering of stress amplitudes is defined, spdced
out in accordance with arithmetic progression of ratio d (spacing close to standard deviation s of shear
strength of the adhesive). This attempts to bracket the endurance limit 7 4(Ng,7,,) by a sticcessiop of
failures anf non-failures.
A.2 Method
An uneven[number of specimens is tested.
The jth spgcimen is tested at the stress amplitude 7, close to the assumed tp(Nr). If failure occurs,the
next specinen should be tested at 7,4 =7,; —d. If there is no failure, the next specimen should be
tested at 7},; 1 =7; +d until all the specimens have been used.
The stresses should be numbered from the lowest amplitudé tested, which is denoted by the index i|= 0,
ie. rg. Thg endurance limit is given by Formula (A.1).
A1
Tq(Np ) =70+d| == (h.1)
L 2

where

0 is the amplitude of the smrallest stress used during the test;

a
A is the space betweentwo amplitudes;
L is the numberofleast frequent possibilities (failure or non-failure) for the whole of the test
sequence.
i=k
A = X ni (1%2)
i=0

where

n; is the number of times that the least frequent possibility is observed at level of index i;

k is the number of level necessary to pass from a certain failure event to a certain non-fail-

ure event (0 <i<Kk).

The value -(1/2) is used if failure is the least frequent; +(1/2) is used if non-failure is the least frequent.

10
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