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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.
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Introduction

Adhesive bonding technology is used widely internationally to fabricate many of the structures in
the adhesive-using industry. In some companies, it is the key feature to production. Such structures
range from microelectronic encapsulation to the structure and reinforcement of aircraft wings and
bridges. Adhesive bonding technology appeals to industry across sectors and applications because it
allows flexibility in the selection of materials, product design and product manufacture up to the final
assembly. As such, adhesive bonding technology exerts a profound influence on the cost of fabrication
and the quality of the product, thus allowing significant production savings and a competitive
advantage in comparison with traditional methods of manufacture. It is important, therefore, to ensure
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adhe
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rises, starting with the first idea, the development of adhesively bonded joints (pre-
contqnugs through production, i.e. the manufacture of adhesively bonded joints (in-produd

com

techJ\
Withiin the ISO 9000 series of standards for quality systems, adhesive bondifig-technol
treaf]

Adhesive bonding technology 15 carried out in the Most effective way and that approp
ercised over all aspects of the operation. If used properly and professionally, the adheq
ology is undoubtedly able to meet the requirements of circular economy and ego-desi

ed as a “special process” since adhesively bonded joints cannot be fully verified by
{

br today’s knowledge, adhesively bonded joints cannot be inspectéd into a product.
ctall them faultlessly from the outset. Even the most extensive.and sophisticated non
hg does not improve the quality of adhesively bonded joints.

dhesively bonded structures to be effective and fit for putpdse in service, there is a nee
rols from the design stage through material selectionto manufacture and subsequen
design for adhesive bonding creates serious risks and costly difficulties in the workj
service. Inadequate consideration of the materials to be adhesively bonded and t
sive may result in adhesive bonding problems such as lack of adhesion or inadequate g
tructure. It is therefore essential for adhesive bonding procedures to be correctly for}
bved to avoid imperfections. Comprehensive and qualified supervision ensures that
ty is achieved.

sure the quality of adhesively bonded structures on an international level and to mak
[hesively bonded structures internationally comparable, the task of management is to:

identify possible sources of-error;

¢reate organizational structures that prevent these sources of error from the outset; a

introduce suitable‘quality procedures.

these reasons) this document represents the state of the art for the professional org
sive bondifig-processes in all areas of industry and trade in a holistic and internati
applies @nalogously to sealing processes if the function of the seal is only to secure

sively-bonded joints. The consideration of adhesive bonding technology according to th

Fiate control
ive bonding

.

bgy is to be
subsequent

bction and testing of the product to ensure the required quality standards have been njet.
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production),

tion), to the

finished adhesively bonded product including its maintenance, repair and disposal (post-production).

This holistic approach also includes the quality assurance of production, inspection and maintenance,
including the repair and disposal of adhesively bonded joints. The approach according to this document
is, without exception and in any case, independent of the lot size as well as the respective area of
application.

This document establishes definitions and sets out organizational, management technical, contractual
and technical principles to be followed when manufacturing adhesively bonded joints. This is achieved
by defining three essential core elements:

Core element 1: the classification of each adhesive bond according to safety requirements (see
Clause 4);
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— Core element 2: the appointment of supervisory personnel [Adhesive Bonding Coordinators (ABCs)]
and execution personnel (Adhesive Bonding Operators) who are both capable of objectively verifying
the necessary and required adhesive bonding competence, knowledge and experience in each case
(see Clause 5);

— Core element 3: the verification that the real load of the respective adhesive bond in the use and
application of the adhesively bonded product is in any case less than the maximum load bearing
capacity (see Clause 6).

The above-mentioned, necessary worldwide comparability in quality and implementation is achieved
through a uniform implementation of these three core elements at the international level.

Since the al|l numerical values described in this document are reference values, it is advisable folr the
practitioners to decide on their own when implementing them.

viil © IS0 2022 - All rights reserved
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Adhesives — Guidelines for the fabrication of adhesively
bonded structures and reporting procedures suitable for
the risk evaluation of such structures

1 Scope

This
use |
the

repo
of m
enab,
serv

Thes
a)
b)
‘)

1
1

1
d)

e) 1

q

The
adhe
cont]

Case

The

document provides guidelines describing the adhesive bonding quality requirements

buidelines define various approaches to meeting quality requirements for, faby
Fting procedures, both in workshops and on site. These guidelines aim to eonvey the
hintaining quality standards in fabrication and reporting procedures, kéeping recor
ling documentation to provide the basis for risk evaluation of adhesively bonded s
ce and in use.

e guidelines have been prepared such that:

hey are independent of the type of adhesively bonded strueture;

hey define the quality requirements for adhesive-bonding in terms of fabrication ar

procedures, both in workshops and on site;

hey can be used as the basis for risk evaluation of adhesively bonded structures in sg

lise;

hey can be used as a basis for assessing a fabricator's capability to produce adhesi

gtructures fulfilling specified quality requirements when they are detailed in one or
following:

— acontract between the-parties involved;
— an application standard;
— aregulatory statément.

puidelines contdined within this document can be adopted in full or selectively ch|
sive user_to~suit the structure concerned. The guidelines provide a flexible framey
‘ol of adliesive bonding activities in the following cases.

1

suitable for

by adhesive user-companies utilizing adhesive bonding as a means of fabricatien~In particular,

ication and
importance
ds and thus
[ructures in

hey are independent of adhesive user-companies’ and.suppliers’ product recommendaltions;

d reporting

rvice and in

vely bonded
more of the

osen by the
vork for the

Tovision of specific Tequirements for adhesive bonding im contracts that Tequire the a

to have a quality system other than ISO 9001.

Case 2

hesive user

The provision of specific requirements for adhesive bonding as guidance to an adhesive user developing
a quality system.

Case 3

The provision of specific requirements for references in application standards that uses adhesive
bonding as part of its requirements or in a contract between relevant parties.
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The provision of a framework for fabrication and reporting procedures to a quality standard, suitable
in particular as a basis for the risk evaluation of adhesively bonded structures.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content

constitutes
undated ref

ISO 472, Pla

3 Terms

For the pury
ISO and IEC
ISO Onl

IEC Eleq

31

adherend
substrate
object or sq
fabrics, glas

Note 1 to ent

3.2
adhesion
interaction |

Note 1 to entj
substrate an
interlocking.

Note 2 to ent

requirements of this document. For dated references, only the edition cited a

5tics — Vocabulary

and definitions
oses of this document, the terms and definitions given in ISO 472 and the following ap
maintain terminological databases for use in standardization at'the following address

ne browsing platform: available at https://www.iso.org/obp

tropedia: available at https://www.electropedia.org/

mi-finished product (for example, sheet metal, wires, metal extruded, moulded pl
5, etc.) on which an adhesive is applied

pbetween the adhesive and the adherend/substrate (3.1) surface

y: The interactions that make up adhesion are based on forces between the surface of the adhe
d the adhesive filth~and include physical interactions, chemical bonds and micromechs:

y: Adhesion o¢curs in nm-dimensions.

"y: In adhesive bonding processes, the term adherend is often used as a synonym for substratd.

lies. For

brences, the latest edition of the referenced document (including any amendments) apﬂ)

lies.

hstic,

fend/
nical

adhesion promoter

primer

l' d d - eirfaco traatmaonttaimnrava tho ndhaociaon nftho adhacivatntho cyyhetrato /adhorond
1quid use H-SHHaeetredtheittto-Haprovewieada1esiohl-oreieaanesvetotne-SHestFateradnerend

(3.1)

Note 1 to entry: Adhesion promotors often are named as primers, accelerators or activators.

3.4
adhesive

non-metallic material, which joins two adherends/substrates (3.1) together via adhesion and cohesion

3.5

adhesive bonding

special proc

ess for joining of adherends/substrates (3.1) by using an adhesive

Note 1 to entry: The adherends/substrates can be made of the same as well as of different materials and can have
different surface characteristics.

© IS0 2022 - All rights reserved
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adhesive bonding area

area

used to join two adherends/substrates (3.1) using an adhesive

Note 1 to entry: Usually the product of the overlap length and overlap width of the adherends/substrates.

3.7

adhesive bonding coordinator

ABC
resp

onsible adhesive bonding coordinator

rABC

competent—sersen TS IR~ SR [P [ | DU SE | RO RN FONNRE TINg

the s
incl

Note
procd
adhe

3.8

adhe
ABO
exec
adhe|
instr

39
adhe
ABP

peop
relat

Note

3.10
adhe
all p

application of the adhesive, joining the adherends/substrates (3.1), and solidification (curing

3.11
adhe
area
adhe
of ov}

3.12

ding the release

1 to entry: The responsible adhesive coordinator (rABC) is the appointed head-of’all adhe
sses including their release and with the appropriate decision-making managerial-authority c
ive technology within the company.

sive bonding operator
ition personnel with proven corresponding knowledge applying or executing indepg

uctions

sive bonding personnel

le involved in the design, planning, manufacturing, quality assurance and mainter
ed to the adhesive bonding process

1 to entry: As a rule, this employee groap consists of ABCs (3.7) and ABOs (3.8).

sive bonding procedure
Focesses concerned with(adhesive bonding such as surface treatment, processing t}

sive bonding surface

sively bonded with adhesive between two parts to be adhesively bonded [length of ove
erlap mim))]

sponsible for

ated with it

sive bonding
ncerning the

endently the

sive bonding process to manufacture, maintain or repair components according to approved work

ance/repair

he adhesive,
hardening)

prepared foradhesive bonding, or on which the adhesive is applied, or the surface of the part to be

rlap x width

adhe

sively bonded joint

connection of two or more substrates (adherends) from the same material or different materials with
the use of an adhesive

Note 1 to entry: An adhesively bonded joint can be defined as rigid coupling, flexible coupling or joint sealing. All

three

3.13

types of junction are based on the same principles of operation.

adhesively bonded structure
structure

structure used for a partially or fully finished constituent or any other form of adhesively bonded item
and designed mainly to transmit mechanical loads

Note 1 to entry: The loadbearing function is the main role of the adhesively bonded item ensuring reliability and
fitness-for-purpose throughout the life cycle of the finished product.
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adhesive tape
flexible backing or carrier coated with a pressure-sensitive, moisture- or heat-activated adhesive

3.15
ageing

entirety of all irreversible chemical and physical processes occurring in a material in the course of time

Note 1 to entry: This can relate to:

evolution of the properties of adhesively bonded joints with time;

environ

3.16
application
placement o

3.17
assembly
group of paj

3.18
clamping
holding of a
between thd

3.19
cohesion
internal strg

Note 1 to ent
of the polym{

3.20
component
one part of g

Note 1 to ent
components

3.21

conditionin
exposure of
reasonable j

reproduftion of the real operating life through accelerating (reduce time) test of ageing in appropi

ent (chemical and mechanical).

f the adhesive during the adhesive bonding procedure

ts that has been placed together for adhesive bonding or has be€n adhesively bonded

h adhesively bonded joint under pressure with clamps:during solidification of the adh
adherends

ength that, for example, keep the molecules,of an adhesive together

'y: These forces are based on attractive physical forces between the polymer chains, entanglg
r chains, and chemical bonds inside andbetween the adhesive polymer chains.

n adhesive system

Iy: In adhesive bonding technology, the parts of an adhesive system (resin and hardener) are
component A and ceraponent B).

18
compodents (3.20) and joining parts required for the adhesive bonding process
period it compliance with the specified requirements

iated

psive

ment

alled

for a

3.22

curing

chemical solidification of the adhesive

Note 1 to entry: Chemical reactions leading to solidification of the adhesive in the form of thermoplastic,
elastomeric or thermoset polymers.

Note 2 to entry: This refers to chemically curing adhesives.

3.23

curing time
period of time required to solidify an adhesive curing (3.22) by chemical reactions

© IS0 2022 - All rights reserved
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3.24

destructive testing

analyses, tests and surveys carried out for the definition of information of qualitative/quantitative
about specific properties of the analysed system, obtained following the destruction of the system itself

Note 1 to entry: The test specimen will be destroyed during the test and cannot be used afterwards.

3.25
exposure time
length of time for which adhesively bonded joints are exposed under specified conditions

3.26
fabricator
adhegsive bonding workshops and/or sites under the same technical and quality managemeht

Note [l to entry: See user-company (3.59).

3.27
flash off-time
minimum waiting time when using cleaners, activators or primers until'the solvent hag completely
evapprated

3.28
hightmodulus adhesive
loadtbearing adhesive
strugtural adhesive
adheive where strength and stiffness are the most important properties after solidification

Note [L to entry: In contrast, there are low-modulus adhesives.

Note 2 to entry: After solidification, high-modulus adhesives concentrate on their strength and stiffpess, and less
on their formability.

Note |3 to entry: The property transitions.between high and low-modulus adhesives are fluid and |not precisely
defingd [see low-modulus adhesive (3.37)].

Note |4 to entry: The term "structutral‘adhesives" is often used for high-modulus adhesives. For th¢ purposes of
this document, the term "structural'adhesives" is replaced by "load-bearing adhesives" (analogous: {load-bearing
adhegive bonds” instead of “struetural bonds”).

3.29
hot gpot
small region or areawith a high value of a quantity

EXANPLE Stress, strain, energy.

Note [L toentry: A hot spot can be calculated with FEM.

3.30
joining
assembling of components (3.20) to become a whole

EXAMPLE Adhesive bonding is just one joining method. Other examples are welding, screwing and riveting.

3.31
influence
non-mechanical parameters that are applied to a material which changes its properties

Note 1 to entry: The nature of the non-mechanical parameters influences the material behaviour (loading) and
the load capacity to be selected.

Note 2 to entry: Further influences can have an impact on the adhesive selection.

© IS0 2022 - All rights reserved 5
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3.32

in-production

all adhesive bonding activities after preparation, which are connected with the execution of the
respective adhesively bonded joint/component until its completion

Note 1 to entry: See pre-production (3.42).

3.33

load

mechanical parameters that are applied to a material and lead to stresses and strains (deformations) in
the material

Note 1 to entry: The type of mechanical parameters influence the material behaviour (stress, strain and/ét gtrain
energy) and the load capacity (3.34) to be selected.

3.34
load capacity
limit of the adhesively bonded joint to withstand stress, strain and strain energy

Note 1 to entfy: The load capacity can be a permissible value.

3.35
load case
combination of loads and influences applied to an adhesively bonded.joint at the same time

Note 1 to enfry: Usually there are several load cases which describe different states in vehicle operatipn as
well as in thp manufacturing/repair process. Manufacturing/repair lead cases are always to be evaluatfed in
combination [with the solidification state of the adhesive in the-adhesively bonded joint and are basis fqr the
determination of handling strength and commissioning times.

3.36

loading
physical regqults in the adhesively bonded joint due“to the load and influence combinations definpd in
the load cas¢ (3.35)

Note 1 to entfy: Physical results of the calculation can be e.g. stress, strain and/or strain energy.

3.37
low-modulyis adhesive
adhesives tIat show an elongation at break of at least 100 % and a modulus of elasticity of at most
10 MPa aftef solidification

Note 1 to enfry: This definition is adapted from ISO 21194. There is no scientifically exact definition. In fthese
adhesives, the deformatign-properties are the dominant and less their strength and stiffness. Their opposit¢s are
the high-modulus adhésives. These adhesives concentrate on their strength and stiffness after solidification. The
deformation properties take a back seat. The property transitions between high and low modulus adhesiv¢s are
fluid.

3.38
mechanical properties

features relating to the behaviour of an adhesive or adhesively bonded joint when subjected to external
physical forces (tensile forces, shear forces, abrasive forces, compressive forces, torsional forces, lap
shear forces, etc.)

3.39

non-destructive testing

analyses, tests and measurements performed using methods that do not change the material and do
not require the destruction or removal of samples of the test system, aimed at the investigation and
identification of defects of the structure itself

Note 1 to entry: Each test specimen can be used afterwards without compromising the functioning of the product.
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post-production
all adhesive bonding activities after the execution of the adhesive bonding

Note 1 to entry: These activities include, among other things, the testing and evaluation of work samples during
production, the adaptation of the adhesive bonding process, if necessary, the non-destructive testing (e.g. visual)
of the manufactured adhesive bonds, the execution of repairs and repair work as well as disposal.

Note

3.41

2 to entry: See in-production (3.32).

pot life

perid
time]

Note
(curi
order
have
potli

3.42
pre-
all aq

Note

workplace preparation) of the respective adhesive bonding ahd'the respective adhesive bonding
additjon, verification that the real load of the adhesively honded joint is always smaller than the m
capadity in the application (see Clause 6). After that, theadhesive bonding process can also be im
the r¢spective production in the planned manner.

Note 2 to entry: See in-production (3.32).

3.43

pressure-sensitive adhesive

adhesive that, in a dry state, is permanently tacky at room temperature and adheres readily
under light and brief pressure

Note |l to entry: Pressure-sensitive adhesives are used, for instance, for the manufacture of press
tape.

3.44

qualification of thie adhesive

process for provitig that the adhesive meets the requirements placed on it

3.45

competentpersonnel

employees who have the required competences, knowledge and experience in adhes

d of time during which a reactive adhesive shall be applied after mixing (the maximun

1 to entry: This time depends on the speed of the chemical reactions responsiblecfor"polyn]
g speed) and also on the external boundary conditions (temperature, amount,efymixture
to create high-quality adhesive bonds, the pot life is strictly adhered to. Chemically curing a
exceeded their pot life are to be treated as waste and are unsuitable for application to joining
fe varies with the volume and temperature of the mixed adhesive and the énvironment.

production
lhesive bonding activities prior to execution of the adhesive bonding

1 to entry: These activities include the development ahd planning (including work pre

1 processing

er formation
brepared). In
dhesives that
surfaces. The

paration and
processes. In
aximum load
plemented in

 to surfaces

ure-sensitive

ve bonding

tech

1 1 1 : RPN RS | 1 C +1 N .- PR : 1 1 b
10108y, WIIU 11dvE dCQUITCU LIS LIITOUZIT TUT'LIICT LI dlIllly WILIT d TCCUZIIISCU LI CUTIILIAd

, vocational

training or comparable adhesive bonding technology activities and who can objectively verify this
through recognised documents and unequivocally prove it

3.46
qual
plan

3.47
repr

ity plan
to define and document how customer requirements are to be met

oducibility

correspondence between the individual results obtained by the same procedure on identical tests

Note 1 to entry: This applies here to bonds produced under different conditions (different operators, different
instruments, different laboratories, different laboratories) and/or at different times.
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safety class
performance requirements of the adhesively bonded joint defined based on the potential of damage
effect that the failure of the joint can cause

3.49

safety data
(SDS)
product-spe

3.50

sheet

cific data sheet containing important safety information about that product

special pro
manufactur
hundred pe;

Note 1 to ent
by monitorin
adapted qual
help of this d

Note 2 to ent

to ensure that the specified requirements are met.

3.51

stress cracking

crack devel
mechanical

Note 1 to ent

3.52
stress disty
spreading o

3.53

surface tre
treatment o
adhesively H

3.54
tack
property of|
which canb

Note 1 to ent
surface imm
assessment o

COoO
ng process or process step that cannot be tested by non-destructive means with
cent certainty for any faults

y: The basic idea is to eliminate all possible errors already during the entire manufagturing pr
o the complete production process. This is achieved by the introduction and implementation
ty management system (e.g. ISO 9001), which is specifically designed for adhesive bonding wif
bcument.

y: Continuous monitoring and/or compliance with documented procedures are basic requirer]

bpment in plastics because of the simultaneous action of chemicals (e.g. solvents)
Stress

Fy: The intrinsic stress of a material often sufficesfor stress cracks to develop.

ibution
F forces across an adhesively bonded'surface

htment
F adherend surfaces in order to optimize the wettability, the adhesion, and give reprody
onded joints having good,long-term stability

a material that)enables it to form a bond immediately on contact with another sut
e an adherend or another layer of adhesive

ry: Stickiness describes the ability of the adhesive surface to deform and flow, wetting the s¢
bdiatély-on contact, thereby forming a bond. The stickiness test with the finger is a subijg
f stickiness.

one

cess
of an
h the

nents

and

cible

face,

pcond
ctive

3.55

technical data sheet

TDS
information

sheet prepared by an adhesive manufacturer about the product

Note 1 to entry: It gives information about the properties of an adhesive, and how to process and apply the

adhesive.

3.56
tensile test
determinati

on of the strength of a solid, such as an adhesive or an adhesively bonded component

Note 1 to entry: A test bar is subjected to an increasing load in a testing machine.
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3.57

thermoplastic

class of plastics whose polymers are not chemically cross-linked with each other and which can
therefore be deformed at will within a certain temperature range without undergoing a chemical
change

3.58

thermoset

type of plastic with polymer chains chemically crosslinked in a narrow-mesh that cannot be deformed
in any desired way, without undergoing chemical change

3.59
userfcompany
adhesive user
adhdsive using-company
company using adhesives and adhesive bonding technology for their productien, maintenance and
repajr

Note [l to entry: See fabricator (3.26).

3.60
wetting
ability of a liquid (for example an adhesive) to distribute itself«on‘a solid surface and to cling to a solid
surfdce

Note |1 to entry: Even though the adhesion is also dependenton other factors, the wetting of th¢ surface is a
necegsary condition in order to obtain adhesion between adherend and adhesive, but not the only ope.

4 C(ore element 1: Classification of adhesively bonded joints according to safety
requirements

4.1 | General

An aglhesively bonded structure within the meaning of this document is a material compoupd produced
using adhesive(s) and designed mainly to transmit mechanical loads, its loadbearing functjon ensuring
its rqliability and fitness forfse throughout the life cycle of the product. As part of a technjcal unit, the
adhesively bonded joint inl this assembly contributes to the strength and stability of the un% as a whole,

or of| part of the unit, er/of a component. It is intended, in accordance with its requirement profile, to
resist all stresses invalved, irrespective of whether these are static, dynamic or a combinagion of both,
and whether or not'environmental effects are to be considered.

Reqyirements for the high-quality workmanship of those adhesively bonded joints shall be established
by classifying them into safety classes. This classification into safety classes is based splely on the
answer-to‘the question of what happens if the adhesively bonded joint fails: What consefjuences can
be expected for people and the environment and whether the consequences may occuy directly or
indirectly or how the probability of their occurrence is to be assessed? This question and its answer
apply to every adhesively bonded joint in all areas of application in industry and trade for every
adhesive used, regardless of:

— thestrength and deformation properties of the adhesive used (i.e. all types of adhesives are covered,
from low-modulus, highly resilient to high-modulus, very stiff adhesives);

— the solidification mechanism of the adhesive used (e.g. chemically curing, physically hardening,
combined solidification mechanisms or adhesive-covered material such as adhesive tape); and

— the sector or purpose in which or for which the adhesively bonded assembly is to be used.

The safety classification of adhesively bonded joints in this document does not allow for any aspects
such as their suitability for use with food, their fire resistance, compliance with pollution control
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regulations or any stipulations regarding occupational safety or environmental protection, since these
are covered in other standards, codes of practice or technical rules.

4.2 Definition of safety classes

The designer or the person dealing with the component concerned shall classify [in cooperation with
the adhesive bonding coordinator (ABC) see Clause 5] each adhesively bonded joint into one of the
following safety classes, taking into consideration the potential effects of adhesively bonded joint
failure (see Table 1). The safety class of the relevant safety requirements to be met by an adhesively
bonded joint shall be specified prior to its execution at the latest, or specified and documented by the
adhesive bonding user in consultation with the Adhesive Bonding Coordinator (ABC see 5.1 and 5.3).

Table 1 illugtrates the classification of adhesively bonded joints as a function of the relevant)leyel of
safety requirements.
Table |1 — Classification of adhesively bonded joints as a function of the level of safety
requirements
S1 High level Failure of the adhesively bonded joint will
— directly or indirectly lead to an inevitable hazard to4ifé or limb;
— resultin a failure of the function, the effect of which will mostly lead to an evident
hazard to life or limb.
S2 Medium Jevel Failure of the adhesively bonded joint
— canlead to a hazard to life or limb;
— willresultin a failure of the functionality, the effect of which will probably inyolve
personal injury or result majorenvironmental damage;
— will result in a failure of-the functionality, the effect of which will most likely
involve major damage to'property.
S3 Low leve] Failure of the adhesively’bonded joint will result in a loss of functionality, the
effect of which will probably:
— notinvolve pérsonal injury or result in major environmental damage;
— affect comfoert or performance at the most;
— notdhvolve major damage to property.
S4 No level Failure.of the adhesively bonded joint will result in a failure of functionality, the
effect’of which will:
~ not, under foreseeable circumstances, involve personal injury or resullt in
environmental damage;
— only affect comfort or performance;
— notinvolve damage to property.

An adhesively bonded joint can be assigned a higher safety class for economic, ecological and/or
functional reasons, for example.

In particular applications, safety classes may already be specified in other existing International
Standards, approvals or elsewhere. In cases of doubt, the highest possible class shall be assumed.

A component may include different types of adhesively bonded joints, which can be assigned to different
safety classes, depending on the requirements specified.

Where an adhesively bonded joint is not to meet at least a low-level safety requirement, this adhesively
bonded joint can be assigned to class S4.
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All requirements of this document are for adhesively bonded joints classified as S1, S2 or S3. If an
adhesive bonded joint is classified S4, this should be reasoned and to be documented but no more
requirements of this document have to be fulfilled.

4.3 Documentation of the classification according to safety classes
The classification of the respective adhesively bonded joint shall be documented in writing by the

responsible persons (see 4.2).

5 Core element 2: Adhesive bonding personnel (ABP)— Competences,
knowledge and experiences

5.1 | General

Depgnding on the classification of the safety requirements assigned to the respéctive adhesively bonded
joint|(see Clause 4), adhesive bonding work requires personnel with verifiable competence, knowledge
and ¢xperience in adhesive bonding technology.

The |user-company shall have sufficient competent personnel in%accordance with thg respective
specified adhesive bonding requirements. This applies to all employees directly or indiredtly involved
in the adhesive bonding technology. The levels of competences¢kinowledge and experience fequired for
the a|]dhesive bonding personnel [(ABP) see Figure 1 as well as/5.2 and 5.3] are specified in b.4.

In thfis context, adhesive bonding personnel (ABP) is the<overarching term and includes al]l employees
involved in the design, planning, manufacturing, uality assurance and maintenan¢e/repair of
adhegively bonded components and testing. This group consists of the following employeesfas shown in
Figure 1.

Adhesive'bonding personnel (ABP)

Adhesive bonding operators Adhesive bonding Testing personnel
(ABOs) coordinators (TP)
(ABCs)
(see 5.2) (see 5.3) (see 5.4)

Figure 1 — Composition of the adhesive bonding personnel (ABP)

All adhesive hnnr‘]ing work carried out hy subcontractors shall he carried outin the sambk manner in

accordance with the requirements of this document. The subcontractor shall make the ABC available to
supervise the adhesive bonding work.

For each adhesive bonding process, the necessary adhesive bonding competence of the personnel shall
be determined. For all employees directly involved in adhesive bonding technology, it shall be ensured
before the start of production that a competent personnel is available for all adhesive bonding work to
be carried out.

For safety class S4 adhesively bonded joints (no safety requirements), this document does not impose
any requirements on the adhesive bonding competence, knowledge and experience of the personnel.
This can be defined in technical specifications or in the contract design outside this document (see 5.5,
Table 4).
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In addition, for safety class S1 and class S2 adhesive bonds, the following requirements shall be met
(see 5.5, Table 4):

the whole adhesive bonding process (from the start of surface treatment to the completion of the

respective adhesively bonded joint) shall only be carried out by competent ABP as defined in 5.2 and

5.3;

during adhesive bonding work, an ABC shall be accessible who is qualified and authorized to take

any necessary action(s) in the case of any process deviations or a process released by the ABC exists
that regulates the necessary action(s) to be taken if the ABC is not present on site;

adhesiv

hnnding process deviations and any action taken shall be documented

5.2 Adhe

5.2.1 Gen

The user-co
(ABOs), whd

sive bonding operators (ABO)

eral

mpany shall have verifiable competent and trained personnel as adhesivebonding oper
are able to carry out adhesive bonding work processes independently’and properly.

5.2.2 Functions

The ABOs in
bonding prd
work instru

5.2.3 Dutj

The ABOs i}
technology.

underst

classify

— adapt th

the company are the persons who independently and professionally carry out the adh

ctions.

€S

1 the company have proven competence,-knowledge and experience in adhesive bor
This basis of understanding enables themm to:

and the contents of approved workinstructions in a technically competent way;
their activities independently and professionally in the respective daily work context;

leir working methods accordingly.

5.2.4 Competences, knowledge and experiences

In the case
have verifia

Vocational
accepted an
work is car

bf class S1 and"S2’adhesive bonds, all employees involved in adhesive bonding work
ble level 3 competences (see Tables 3 and 4/5.4 and 5.5 as well as Annex A for assistan

rainingin.adhesive bonding or sealing (e.g. carpenter, floor layer, and upholsterer) c4
d documented by the ABC (see 5.3) as evidence of sufficient knowledge if adhesive bor]
riedvout in these areas. Participation in product training courses does not const

htors

psive

cesses for the manufacture, maintenance or repair of €emponents according to recognized

1ding

and

shall
Ce).

in be
1ding
itute

nof

sufficient pr

The ABC is responsible for confirming the competence of the ABP for Class S3 adhesive bonds. The
prerequisite is that ABC can prove that they have at least level 2 competence (see Tables 3 and 4 as well
as for assistance A.1). The ABC shall justify the qualification of the adhesive bonding operators (ABOs).

The ABOs shall participate in verifiable regular (internal or external) training courses at intervals
not exceeding two years, whereby it is the task of the ABC to decide on the scope and content of these
training courses (see 5.4.2.5).

The competences, knowledge and experiences for ABO level 3 are defined in 5.4.2.4, and - both for
assistance - Table A.1 as well asin A.3.
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Adhesive bonding coordinator (ABC)

5.3.1 General

The adhesive bonding supervision is the responsibility of the user-company. In the user-company, one
or more persons, depending on the extent of the adhesive bonding and the size of the user-company

shall

perform the adhesive bonding supervision.

However, the user-company shall instruct at least one ABC if at least class S3 adhesively bonded joints
are dimensioned, planned, manufactured, commissioned, maintained or repaired.

The ¢

If se
resp
asso

Whe
shall

In an
If no
bond

The 4

5.3.2

The
orga
proc
proc
mak
of op
ABCH

1

eral persons have been designated as ABCs, the user-company can designaté one
bnsible adhesive bonding coordinator (rABC) who is authorized to coordinate al
riated with adhesive bonding work in the various manufacturing areas.

Fe a number of persons have been charged as ABCs, the tasks, scope of résponsibility ar
be specified for each ABC separately.

y case, the user-company shall organize a deputy regulation fo each individual ABC
equal deputy is appointed for the individual ABC or the rABEC, it’shall be ensured that
ing-related decisions are made in the absence of the corresponding ABC.

\BC shall not also be charged with adhesive bonding work as an ABO.

Functions

ABC has the function of responsible adhgsive bonding development, planning :
hization and execution. In addition, the person is responsible for supervising the adhe;
psses and all associated activities. Thi§)person is the appointed leader of all adhes
bsses (pre-, in-, post-production) including their release. The ABC thus has the appropri
ng authority with regard to the adhésive bonding technology in the company and is
erational, economic and time restrictions. For this reason, only those employees are 3
who are in a position to:

ake a holistic and technically correct view of the adhesive bonding processes, i.e. fron

5.3.3

Duri
be t3

-

lanning and executign,to maintenance/repair and disposal; and

erform the respective tasks and duties in accordance with this document without res

Duties

hg thesadhesive bonding process, all special requirements for the adhesively bonde

incluldes, among other things:

ken into account. This shall be ensured for all relevant areas of the user-company's

ABC as the
operations

d interfaces

or the rABC.
no adhesive

ind process
ive bonding
ive bonding
hte decision-
ndependent
ppointed as

n the idea to

triction.

d joint shall
works. This

the adhesively bonded joint as well as the design of the adhesive bonding process;

the implementation of the adhesive bonding process in production;
the consideration of reparability;

purchasing as well as sales;

assembly and

subcontracting.

The main duties of the ABC are summarized in Table 2.
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Table 2 — Duties of adhesive bonding coordinators (ABCs/examples)

Item no.

Description of duty

1

Checking the contractual provisions

— Checking the suitability of the company which accepts the order for adhesive bonding
and associated work.

Checking the construction

— Conformance with relevant adhesive bonding standards, codes of practice and
instruction sheets;

— Analysis of stresses:

— Design of adhesive bonds considering the construction requirements;

— Specifying the adhesive bonding system;

— Specifying adherends in cooperation with the responsible design engineer;
— Accessibility for adhesive bonding;

— Analysis of stress resistance of adhesive bonds.

— Design of gap between adherends

Checking the verification of adhesive bonds as specified in Clause 6

Checking storage and transport of adherends andother adhesive bonding systeni
components

— Delivery and transport conditions;
— Marking, storage, in-house transportaid handling;

— Traceability.

Checking production planning

— Drawings and part lists,»specifications for adhesive bonding and other materfials,
auxiliary materials and\equipment used;

— Drawings and partilists, specifications for adhesive bonding system and other materials,
auxiliary materials and equipment used;

— Work and.repair instructions, their adequacy and validation;

— Any _fecessary adhesive bonding and clamping equipment required veriffiable
qualifications of ABO;

— ~Work and assembly sequences for components required ambient conditions.

Assessment of any imperfections, damage or faults

Checking the equipment

— Qnif:\hilify of adhesive hnnding prlnipmpnf;

— Compliance with required manufacturing conditions;

— Provision, identification and handling of any auxiliary materials and equipment.

Supervision of adhesive bonding work

— Preparatory work;
— Adhesive bonding;
— Curing/hardening (solidification);

— Checking the ambient conditions, including upstream and downstream process
parameters.

14
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Table 2 (continued)

Item no. Description of duty

9 Checking the adhesive bonding process
— Verifying maintenance of manufacturing quality.
10 Testing the adhesive bonds

— Visual examination;

— Destructive and non-destructive testing;

— Assessing adhesively bonded and sealed joints.

11 Checking any sub-contractors

— Suitability in terms of staff qualification, availability of staff, equipmént, manufacturing
facilities and the adhesive bonding process.

12 Documentation

— Preparing, drafting and retaining any necessary reports, including those of sub-
contractors.

5.3.4 Competences

The minimum requirements for the technological competences, knowledge and experience in the
adhesive bonding technology of the ABC(s) are laid down @5 ‘mandatory in 5.5, Table 4. These are
supplemented by Table 3 (see 5.4.1). Annex A describes theontents in detail for assistance

ABCg shall regularly prove that they have maintained ot’expanded their competence, see 54.2.5.

If an|ABC does not perform certain tasks, these tasks may be assigned to employees with|[the same or
lowef adhesive bonding competence. It is the taskof the ABC to select those deputy employ¢es, to check
theircompetences and instruct them as to the work to be performed. All details of such anlassignment
shalllbe documented in detail (see Table 4).

5.3.3 Organizational integration'of adhesive bonding coordination

Only[those persons from eitherthe user-company's staff or an external consultant shall He appointed
as ABCs who are capable of performing their respective duties and responsibilities in accordance with
this locument without anyrestrictions. To this effect, they shall be conferred the necessary managerial
authprity and entrusted-with the decision-making powers permitting them to act free offoperational
and femporal constrdints.

Only|persons thathave the same (or higher) competences, and who have been appointed ¢fficially are
entitled to actas deputies of ABC without any restriction.

The ¢ompany owner, managing director, operations manager or production manager may he appointed
bd joints are

Small-scale adhesive bonding work is understood to cover cases where not more than 50 adhesively
bonded assemblies are manufactured within 12 months. This shall be done on the same site, for the
same assembly and using the same adhesive bonding technique. If at least two assemblies differ in type,
the scope of manufacture shall no longer be deemed small-scale.

The organizational chart of the user-company shall specify in writing the work areas and responsibilities
of, and the relationship between all persons having a managerial, executive or supervisory function
affecting the quality of adhesive bonding work. This applies in particular to:

— the duties of the ABC (the work areas and responsibilities shall be delineated where a number of
coordinators are involved);

— work requiring the presence of the ABC;
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— measures to be taken in the absence of the ABC (e.g. appointing deputies; specifying the adhesive
bonding work that is permitted or prohibited; specifying the time when adhesive bonding work
shall be stopped).

5.4 Levels of competences, knowledge and experiences for adhesive bonding personnel
(ABP)

5.4.1 General

For the adhesive bonding perso

nnel (ABP) consistin
levels of comt

g of ABCs and ABOs, this document defines three

Level 1: comprehensive (decision-making level);
Level 2: slecific (supervision level);

Level 3:  basic (execution level).

Table 3 — Levels of competences, knowledge and experience for adhesive bonding personpel

Leyel Scope of competences, knowledge and experiences

1 Comprehensive technological competences, knewledge and experiences in adhgsive
bonding technology are fulfilled by the state ofthe art skills

(see for assistance A.3.1: Explanation of comprehensive competences) and advanced
skills (minimum one-year suitable experjence in adhesive bonding technology).

2 Specific technological competences, knowledge and experiences in adhesive borjding
technology are fulfilled by the state-of the art skills

(see for assistance A.3.2: Explanation of specific competences) and advanced §kills
(minimum one-year suitable éxperience in adhesive bonding technology).

3 Basic technological competences, knowledge and experiences in adhesive borjding
technology are fulfilled by the state of the art skills

(see for assistanceyA.3.3: Explanation of basic competences). The training and duali-
fication of thisdevel can be approved by ABC. In this case, the ABC has to defing the
qualificationfange.

5.4.2 Requirements for eaclilevel of competences, knowledge and experiences

5.4.2.1 Géneral

The focus for the verification of competences, knowledge and experience is the same for all three levels
of competerfce (see-Table 3). The subject contents summarized in the main categories (see list beflow),

which together ‘represent the entire field of modern adhesive bonding technology according tp the
current stateof l(nnmr]pdgp’ are included:

— adhesion and adhesive;

— materials as substrates/adherends;

— design (including durability, ageing, fatigue, and its evaluation);
— adhesive bonding process - pre-production;

— adhesive bonding process - in-production;

— adhesive bonding process - post-production;

— maintenance;
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— testing and analysis;
— health and safety;

— quality management.

The three levels mentioned in Table 3 correspond in principle to the hierarchy levels/fields of activity
of the adhesive activities in the user-company (level 1: decision-maker level/level 2: supervision level/
level 3 execution level). These three competence levels determine which technical contents (see 5.4.2.2
to 5.4.2.4 and, for assistance, Annex A) shall be demonstrably mastered and to what extent a certain

competence is required for a certain scope of work depending on the safety class according to this
document (QPP ﬂ)

The
acco]
assis

ndividual contents for the verification of competences, knowledge and experience”of each level
‘ding to the main subject content (see 5.4.2.2 to 5.4.2.4) is specified in detail”in Annex A for
tance.

The assignment of each level to the respective scope of work is specified in 5.5

The minimum requirements for the technological competences, knowledge and experienceg in adhesive

bonding technology for the ABC and their deputies are shown in 5.5/Table 4.

e minimum
ple, an ABO

For g
num
and 4

rocesses that can be assigned to in-production or post-production (see Introduction), tl
per of employees with appropriate and verifiable competernce shall be two, for exam
in ABC (see 5.5/Table 4 for the description of the competénce level).

If negessary, a deputy ABC delegation shall be done in a suitable and traceable manner.

5.4.2.2 Level 1: Comprehensive

Comprehensive technological competences,~knowledge application, practical application and

expe|
adhe)
Scop
For (
requ
over
pers

Com
expe

5.4.2

Spec
adhe

riences in adhesive bonding technology’include the ability to supervise the whole

sive bonding work in the pre-produgtion, in-production and post-production (see Intrd
e), that means from product develppment to production and on maintenance and repa
orrect technical application of adhesive bonding technology, these comprehensive ¢
re interdisciplinary thought;‘responsible decision-making and actions, as well as b
bee and take account of thee entire product life cycle in a responsible way. These compe
bns comprehensively able’to take on the tasks and responsibilities of the ABC in a comj

brehensive technological competences, knowledge application, practical appli
riences in adhesiveé bonding technology are defined in A.3.1 for assistance.

.3 Level 27 Specific

fic technological competences, knowledge application, practical application and ex
sive'bonding technology include the ability to prepare work instructions and superv

other

spectrum of
duction and
ir activities.
ompetences
eing able to
fences make
bany.

cation and

beriences in
se ABO and

adhesive hnndmc pmnlmmpc aon theoretical and nrm‘hr‘nl matters rp]nhna to adhes

ve bonding.

These competences 1nclude also the ability to plan, organize, and monitor adheswe bonding processes,
monitor process parameters, and if necessary adjust them. Also included is the competence to identify
irregularities in production processes, maintenance processes and repair processes, and respond
accordingly. Specific technological competences, knowledge and experiences enable the persons in
their certain area of responsibility in the pre-production, in-production and post-production to take on
the tasks and responsibilities of the ABC in a company.

Specific technological competences, knowledge application, practical application and experiences in
adhesive bonding technology are defined in A.3.2 for assistance.
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5.4.2.4 Level 3: Basic

Basic technological competences, knowledge application, practical application and experiences in
adhesive bonding technology include fundamental understanding of adhesive bonding, enabling the
special aspects of adhesive bonding processes to be understood and taken account of in production,
maintenance and repair. The relevant context and importance of work instructions hence are clear.
Basic technological competences enable the staff to independently undertake adhesive bonding work
in a technically competent way in the in-production and post-production according to the given work
instructions and to give feedback if irregularities occur.

Basic technological competences, knowledge application, practical application and experiences in

: 1. b 1 1 1L 1 A 2 L e A
adhesive bo TOTITE CCTIITOIOZY dl € UCIIeU T 21.0.0 10T dSSISTAIICe 2.0

5.4.2.5 Fuyrther training

The ABCs shall undergo further training at least every two years through measures (e{g)participption
in adhesive bonding conferences, seminars or something like that) taken by providers-who are legally
and econonically independent of the user-company. In-house training providediby the comppny's
own personpel and product training shall not be considered training for ABCs-fer'the purposes of this

document.

At least every two years, ABOs shall also participate in further trainipg measures. These meagures
can be held [internally or externally. The content and duration of these _¢ourses shall be determingd in
consultation with the ABC.

Each furthe¢r training measure shall be documented (such ‘as date, duration, content, trajning
documents, [participants).

5.5 Assignment of the three competence levels.to the safety classes depending on the
respective|scope of work — Correlation of the core elements

The level off technological competences, knowlédge and experiences in adhesive bonding technglogy
(see Table 3) is related to the safety class (s€e;Table 1) of the adhesively bonded joints as well as tp the
scope of work outlined in Table 4.

Table 4 — Minimum requirementsregarding the technological competences, knowledge and
experiences in adhesive bonding-technology for the adhesive bonding coordinators (ABCs)|and

production/
manufacturing
(in-production

and

maintenance/
repair (post-pro-
duction) without
any process
changes outside
the defined pro-
cess definition

or redesign and/
Or new process-
€S or process
changes go back
to first line of
this table

deputies

Scope of work Comments Class S1 Class S2 Class S3 Class S¢4
Release of dgvel- Level1 |Levellfor |Level2for |Level2 to be defined by
opment-phage product products the user-coin-
(pre-production) design with |without pany
product and [pro¢ calculation/ |calculation/
cess designing validation validation
Supervision of In case of new |Level2 [Level 2 Level 3 to be defined by

the user-com-
pany

18

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=f32060e0ee31f9631e39580918b79bca

ISO 21368:2022(E)

and sub-contract-
ing of adhesively
bonded com-
ponents and
adhesive bonding

traceable way
to ensure that
every contract
partner has the
necessary com-

Table 4 (continued)

Scope of work Comments Class S1 Class S2 Class S3 Class S4
Involvement of The supply Level2 |Level 2 to be defined to be defined by
ABC in purchase, |chain shall be a in the technical |[the user-com-
sales, assembly |closed loop in a specifications |pany

work petences

5.6 | Comparability of competences, knowledge and experience

Withiin the three core elements of this document (see Clauses 4, 5 and 6), the competence, knowledge
and gxperience of the personnel for adhesive bonding (core element 2) play thekey role. The professional
planhing and execution of the adhesive bonding technology and the testing‘of.adhesively bpnded joints
(see LClause 6) are based on this core element 2.

In orjder to do justice to this special significance, the requirements_of this document rdgarding the
competences, knowledge and experience of the personnel involyed'in adhesive bonding|are defined
by dpscribing the required adhesive bonding competences, differentiating between corprehensive
competences (see 5.4.2.2), specific competences (see 5.4.2.3)and basic competences (see 5.4.2.4).

In ofder to make the quality of adhesive bonded joints.comparable at international leyel with the
clainp defined in the introduction, this document requires reliable comparability of the cpmpetences,
knowledge and experience of the personnel involved in adhesive bonding and its processes|at all levels.

NOTH In order to document expert competences to customers, clients, authorities, approvdl bodies and
otheif interested parties with a maximum of segurity, ISO/IEC 17024 opens up a possibility of conpparability of
the pfoof of competence on national and international level.

5.7 | Monitoring, inspection and-testing personnel

The fiser-company shall have sufficient competent staff for the planning and execution offmonitoring,
quality control, testing and ifispection of adhesive bonding work, in accordance with the r¢quirements
specified. As a rule, the evaluation of test results shall be the ABC's responsibility.

NOTH Personnel certificated to ISO 9712 is considered adequate.

6 Core element 3: Design and verification of adhesively bonded joints

6.1 | General

The Fumctiomat capabitity of amadhesively bomded joint isachieved if att requiTements specified are
satisfied. This will be ensured only if all of the following aspects are coordinated and are adequately
dealt with giving due considerations to the requirements.

NOTE A detailed description is given in Annexes B to F.

6.2 Assignment to safety classes

Each adhesively bonded joint shall be assigned to a safety class in accordance with any potential
consequences of failure in terms of safety, which in this document are fixed in 4.1/Table 1. The safety
class shall be specified and documented in consultation with the ABC.
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6.3 Requirements to be met by the adhesively bonded joints

The requirements to be met by the adhesively bonded joints shall be established and, in consultation
with the ABC, documented in all organizational departments.

In addition, for safety class S1 and class S2 adhesively bonded joints, the following requirements shall
be met:

— a procedure shall be developed and documented which ensures that requirements from all
departments concerned are established;

— therequi

— proofsHall be provided that the ABC has checked the requirements relating to the adhesively|bopded
joint.

NOTE The subjects, which are to be considered for the creation of a list of requiremehnts, are listied in
Annexes B and D.

6.4 Design of adhesively bonded joints

The size of| adhesive bonding surfaces, their location, the distribution @nd the dimensions of the
adhesive befween adherends after solidification of the adhesive shall be specified and documented.

In addition, [for safety class S1 and class S2 adhesively bonded joints;the following requirements|shall
be met:

— the joing tolerances shall be specified;
— conformance with the minimum or maximum adhesiye bond line thickness shall be ensured;
— the relafive position of adherends shall be clearly specified and shall be tolerances specified;

— toleranges shall be specified as a function.of the requirements to be met by the adhesive system and
the component or overall structure.

NOTE1 Examples of design principles afe'described in in ISO 15785.

NOTE 2  Aomprehensive adhesive bonding design guideline is included in Annex C.

6.5 Adherends
The propertiies of adherénds and their as-delivered condition shall be specified.

In addition, for safety.class S1 and class S2 adhesively bonded joints, the following requirement shall be
met:

— thedesipniof adherends, in particular their behaviour under the expected stresses, shall be spe¢ified
and documented so as to permit them to be reproducibly manufactured.

6.6 Adhesive

The type of adhesive, together with its components, its field of application and place of use shall be
specified and recorded.

NOTE The criteria for choosing an adhesive bonding system are described in Annex D. The requirements to
be defined and specified (see Annex B) form the basis of the adhesive selection.
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6.7 Surface treatment

The surface treatment, with all its stages, the materials used, place of use and working sequence shall
be specified and recorded.

6.8 Factors affecting the adhesive bonding process

All factors affecting the adhesive bonding process (e.g. ambient conditions, processing times, stresses
involved in the manufacturing process,) shall be established in cooperation with the ABC and the
process design department and recorded.

6.9 | Verification

6.9.1 General

Verifiication is a procedure intended to provide evidence that an assembly er-a compongnt complies
with|the requirements.

For gafety class S1 and class S2 adhesively bonded joints, at least on® of the following|methods of
veriffcation shall be applied:

1) providing proof that stresses are lower than the stress resistance;
2) 4Jssembly/component testing;

3) dlocumented experience;

4) ¢ombination of methods 1 to 3.

Verifiication shall cover not only the strength on stability under service conditions. It shall[also include
asperts such as adhesion, chemical resistance’and stresses during manufacture.

6.9.2 Method 1 — Load in use < nitaximum load capacity

6.9.2.1 General

A safety factor shall be specified based on the quality of information obtained regardipng load and
load |capacity; this shallbbe’documented in a transparent way. Where laboratory values are used for
assegsing the adhesively bonded joint, proof shall specify that these results were obtainefl under real
manfifacturing conditions (process validation).

In addition, for.safety class S1 adhesively bonded joints, the following requirement shall be|met.

Procgss validation shall be repeated throughout the period of manufacture at reasonable, specified
interjvals)using suitable methods. These measures and their scope shall be specified and flocumented
by the ABC

6.9.2.2 Load

Loads can be derived from the list of specifications. They shall be determined by testing or calculation,
or taken from standards or empirical data, or using a combination of these. Loads shall always take into
consideration maximum values, exposure times, ambient conditions and any possible combined effects.
Statistically substantiated information on the quality, intensity, duration and frequency of stresses
throughout the lifecycle shall be obtained. The method by which such information was obtained shall
be transparent and shall be documented.
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6.9.2.3 Load capacity

The load capacity of adhesively bonded joints shall only be determined by testing. Tests shall be
performed using samples, test components or an actual component as in service. Unless otherwise
explicitly specified, adhesively bonded joints shall show cohesive failure in the case of destructive
testing. Substrate failure shall be considered separately. If testing is not carried out on an actual
assembly as in service, and if testing is not carried out under actual conditions, evidence shall be
provided in a transparent way that deviations from the service conditions (e.g. accelerated ageing,
testing agents used, and combinations of agents) are suitable for qualifying the adhesively bonded joint
for the intended usage. Test results shall always be adequately evaluated statistically. The parameters
determined shall be characteristic values with a specified survival probability. Data (e.g. test methods,
results) sha]l be obtained in a transparent way, and shall be recorded.

6.9.3 Method 2 — Component testing

Component
conditions

terms of th{
partial syst
verified to 1
a failure cri
on the know
the statistid
conditions.

shall be doc

testing is understood to be testing the system as a whole or part ofyiDunder a
r conditions reproducing the service conditions. Test conditions shall"bé comparak
pir effect on the adhesively bonded joint, proof of which shall be previded. When te
ems, the interaction between these and the system as a whole shall be considered
hake sure that the interaction does not unduly affect the results. For evaluation purp
erion shall be specified. Test results shall be adequately evaluated statistically. Deper]
rledge regarding the adhesively bonded joint, how far thetest conditions are realistig
al evaluation applied, a safety factor shall be integrated inito the failure criterion o1
[he overall process shall be documented. Any decisions made and justifications for
limented.

6.9.4 Method 3 — Documented experience

If verificatio
To this effed
conditions
loading con
transparent

t, it shall be demonstrated that the behaviour of the adhesively bonded joint under se
an be applied to the adhesively bonided joint under consideration in terms of servicg
Hitions and adhesively bonded jeint properties. The procedure shall be documented
way.

6.9.5 Method 4 — Combination of methods 1 to 3

If the verifid
are adequat]
are mutuall

ely considered. Care’shall also be taken to ensure that all parts of the verification pr
) compatible (e:g-when comparing test results with pass/fail criteria). The procedure

be documenited in a tranSpatrent way.

NOTE A

7 Draftil

verification)guideline is included in Annex C.

ng-contracts and subcontracting (outsourcing)

ctual
le in
sting
and
oses,
1ding
and
test
them

n is based on experience, proof shall be previded that the system has proven itself adequate.

rvice
e life,
in a

ation is affected by dombining the above methods, it shall be ensured that all requirements

hcess
shall

7.1 General

It is the responsibility of the company awarding the contract to check compliance with the terms of the
contract with the provisions laid down by the customer and the internal guidelines of the user-company
itself. It shall be ensured that all information required for the execution of the work is available before
the start of the work.

The company accepting the contract shall demonstrate the ability to meet the contractual requirements
for adhesively bonded constructions by establishing a quality plan including materials, methods, work
instructions, inspection and quality assurance procedures (QA).

The company shall be aware of applicable national and international standards for definition,
processing, inspection and testing procedures. Where standards are not available, the company
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that accepts the order shall specify suitable procedures and methods allowing compliance with the
contractual requirements. The company shall also be aware of national statutory obligations to health
and safety requirements and environmental protection measures.

The company that accepts the order confirms to the company that places the order that all adhesive
bonding work will be done in conformance with the contractual provisions. The company that accepts
the order, in his/her own interest, shall identify any differences between the contractual provisions
and any prior documentation, and inform the client about any modifications to the program, costs and
workmanship that may result. The client shall ensure that all relevant information is made available.

The contractual provisions can refer to:

— fequired application standards, and any supplementary specifications;

— g$pecifications for the adhesive bonding work to be done;

— details regarding the material and surface characteristics of the adherends;
— gpecifications regarding any surface treatment;

— quality documentation agreed with the client;

— gpecifications for the adhesive bonding technique to be used;

— gpecifications for testing, test methods;

— gpecifications for equipment to be used;

dpproach regarding approval of the adhesive bonding technique to be used;
— Tecognition of verifiable staff qualifications;

— {ypes, marking and/or traceability of adhesives and auxiliary materials, for example, apd details of
ddhesive bonding work;

— provisions for quality control, any additional commissioning of an impartial test house
— any other adhesive bondingtequirements, e.g. purity of abrasives, temperature and/orthumidity;

— ambient conditions on.site’affecting adhesive bonding work, e.g. a very low ambient temiperature or
ny restrictions regarding surface treatment;

— 4ny subcontracting permitted;
— 1Ineasures to;be taken in cases of non-conformity.

Where, in_the course of adhesive bonding operations, there are organizational changes, for example,
with|respect to staff or equipment, it shall be checked whether such changes will affect quality. If so,
any néeessary measures are to be taken and are to be set down in the contract.

In addition, for safety class S1 and class S2 adhesively bonded joints, the following requirement shall be
met.

— Any contractual check by which the order is accepted with regard to process steps that require
special knowledge shall be documented.

7.2 Subcontracting (Outsourcing)

7.2.1 General

If an adhesive user intends to outsource or transfer the work to an external company (e.g. for adhesive
bonding, destructive or non-destructive testing), the external company carries out the adhesive
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bonding work in accordance with this document as an external service provider (subcontractor). As a
rule, all requirements for the product shall be met, regardless of who performs which services.

It shall be ensured that the external service provider (subcontractor), who shall be able to fulfil these
requirements, has been provided with all necessary documents and requirements, regardless of
whether it is a service or an adhesively bonded product. They shall contain all relevant data from the
contract and design review. Additional requirements shall be specified if design aspects of the structure
are to be outsourced.

In most cases, the result of adhesive work cannot be verified non-destructively, it is the responsibility
of the client to ensure that the processes at the external service provider's (subcontractor's) plant

comply wit
(subcontrac

The client o}
records and

The client s}
quality reqy

In the case g

+lo H 4 ££. i 1 Tl 1 ik £ £ 1 H
I LIIC lC\.iull CIIITIILS CllU\.\,lVCl_y- LIS TITAdRNCO IU llCLUDDal)’ IUL CTALCTIIIdIl SCI VILU l_ll UV

tors) to conform with the relevant requirements of this document.

pliges the external service providers (subcontractors) to submit a quality plan as/well 4
documentation of their work specified by the client.

jall ensure that the external service providers (subcontractors) commissioned can fulf
irements of the contract.

f subcontracting, the deputy ABC shall have at least level 3 qualification for class S1 an

iders

s the

il the

d S2.

In case of supcontracting, an external ABC of the contracting company nfay not work for or be employed

by subcontr

7.2.2 Dec

The decision as to whether any work is to be subcontracted;and the extent of any subcontracting

be made in 4
In addition,

the decil

the decli

— theapp

7.2.3 Det

The scope d
understand

All requiren
description

hcting party.

iding on subcontracting

| transparent way.

for safety class S1 and class S2 adhesive bonds, the following requirements shall be mg
sion-making process shall involve thetABC;

sion shall be approved following-a'specified procedure;

roval shall be documented:
hils and documentation of procurement

f the provided.sevvice shall be described correctly, completely, clearly and to be ea

hents tobe'fulfilled within the scope of work or services shall be established. The 4
hnd therequirements shall be documented.

7.2.4 Seld

shall

Sy to

bove

ction of external service provider (subcontractor/supplier) and contracting

A suitable external service provider (subcontractor/supplier) shall be selected in accordance with the
scope of work or service to be provided and the requirements to be satisfied.

Supplier and customer shall have reached agreement on a contract.

In addition, for safety class S1 and class S2 adhesive bonds, the following requirements shall be met:

identified;

ABC.
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7.2.5 Management of external service providers (subcontractors/suppliers)
For safety class S1 and class S2 adhesive bonds, the following requirements shall be met

— Measures for monitoring of external service providers (subcontractors/suppliers) at product and
process levels shall be drawn up and implemented. Their planning and implementation shall be
documented.

— Design and implementation work shall involve the ABC.

8 Workmanship

8.1 | General

Insofar as this applies to the respective process and is appropriate within ¢he framework of the
respective safety class, adhesively bonded joints shall be planned and executed’in accordance with the
following requirements.

The design of the adhesive bonding process planning and the adhesive bonding procegs execution
shall|be carried out such that it is guaranteed the process sequence.is safe, reproducible|and robust.
Impqrtant criteria for the design and execution of adhesive bonding-processes, especially for adhesive
bonding with increased safety requirements (classes S1 and S2) are listed in this clause.

It shall be ensured that the adhesive bonding process is integrated into the overall production process,
taking into account the operational conditions and the requirements of the process (see 8.2.1).

The |following clauses provide a comparatively<:comprehensive overview, but more detailed
requjrements for the process shall be described byithe user. This applies to each subclause.

All dpcuments shall be prepared with the involvement of the ABC.
8.2 | General process requirements

8.2.1 Production planning

The user-company shall cafry out an adequate production planning compatible with the facilities
described below and with'the following points. This shall include:

— gpecification of the'sequence by which the structure shall be manufactured, e.g. singl¢ parts, sub-
gssemblies, and the order of subsequent final assembly;

— identification of the adhesive bonding and associated processes required to manyfacture the
gtructure,and reference to the appropriate adhesive bonding procedure specification;

— gpecification of inspection and testing procedures, including the involvement of any independent

................
8.2.2 Process design

8.2.2.1 General

The process design involves specifying the adhesive bonding process to ensure that the requirements
to be met by the product or process are complied with in an efficient and reproducible way.

The requirements derive from:
— provisions associated with the adhesive bonding technique;

— customer requirements (e.g. as regards certification, documentation);
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structural requirements;

ional safety, health and environmental protection;

legal requirements;

in-house guidelines.

The following shall be considered when designing an adhesive bonding process:

— the requirements to be met by the manufacturing process shall be established.

In addition,
— the pro

the doct

if the cd
compan
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to d
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ress shall be documented;
imentation shall be checked by the ABC;

mpany uses a design from the company that places the production order et from any
y:

planning documents shall be checked by the company carrying“eut the production
nsure that all relevant requirements in accordance with this standard are fulfilled
sification, dimensions, tolerances, approvals);

company is able to produce this part under the requireménts of this document;

production in the company that executes the order.is'released by the ABC.

8.2.22 A

It shall be e
process, tal
point in tim
specified an|

In addition,

moving

8.2.23 W

The steps of
used (e.g. to

In addition,

work se

|

hesive bonding as part of the overall production process

sured that the adhesive bonding process’is sensibly integrated into the overall produ
ing into account the operational conditions and the requirements of the process
e in the overall production process at-which adhesive bonding shall be carried out shj
d documented.

the adhesive bonding pfocess to a different point in time requires the ABC’s consent.

ork sequence and production technology

pls, degreetpfautomation) shall be defined.

for safety class S1 and class S2 adhesive bonds, the following requirements shall be mg

for safety class S1 and class.S2 adhesive bonds, the following requirement shall be met:

bther

rder
(e.g.

ction
The
11 be

the adhesivesbonding process and their sequence as well as the manufacturing technglogy

t:

qlience and production technology used, and the relevant tests (process, product) shz

11 be

docum

mted;

proof of suitability of the manufacturing technology selected shall be provided. This proof can be

based on experience (the transferability and applicability shall be demonstrated) or take the form
of proof of capability (e.g. machine capability test, process capability test);

specifie

d type, scope and time of the process validation shall be complied with;

the process of decision-making shall be documented.

8.2.3 Planning the use of production aids and tools

The use of any necessary production aids and tools shall be planned and their availability at the start of
production shall be ensured (even after modifications to the process or product).
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In addition, for safety class S1 and class S2 adhesive bonds, the following requirements shall be met:

8.2.

production aids and tools specific to adhesive bonding shall be documented for each particular

adhesive bonding process;

requirements for production aids and tools shall be specified and their suitability shall be

demonstrated;

their proper functioning throughout the manufacturing process, which also applies to automated

manufacturing, shall be ensured.

Duad VP | -
T 1TouUttromaocannrCIIcs

For dgach adhesive bonding process, documents (see Annex H) shall be prepared or be\avajlable which
describe the details of work to the ABP. Design documents can also be used as production documents.

Production documents are to provide all information relevant to adhesive honding work

abov

as detailed

e. These documents shall be up-to-date, correct, controlled, complete, clear and easy fdr the ABP to

unddrstand. It shall be ensured that the ABP receive all information required‘to make, in a jeproducible
manner, an adhesive bond meeting the requirements.

Pro

ction documents relating to adhesive bonding work shall be réleased by the ABC.

In addition, for safety class S1 and class S2 adhesive bonds, the following requirements sha

The

8.2.

T

|l be met:

here the production process is automated, the paramieters of the equipment relevan{ to adhesive

onding shall be defined, monitored and documented;
rocesses shall be documented in order to ensure traceability (see 8.4.4);

31l quality-related steps shall be documentéd and the records kept on file.

ate and time;

dmbient conditions where relevant to adhesive bonding work;
process parameters;

ddhesive bonding system: products, batches, expiry dates;
identification.of components and adherends;

gignaturefidentification of ABO;

dlescription of action taken in the case of process deviations (to be approved by the ABC

Iocumentation for safety class S1 and.class S2 adhesive bonds shall include at least the following:

D 1
FIULCSS dppIuovdl

For safety class S1 adhesive bonds, the following requirements shall be met:

the release shall be documented in a transparent way.

8.2.6 Transport, storage and logistics for adhesives, auxiliary materials and adherends

8.2.6.1 General

Transport and storage conditions (e.g. temperature and humidity) that are technologically required
shall be determined and adhered to depending on the size, shape and weight of the parts to be joined,
transport devices (lifting beams, vacuum suction lifts, etc.) may have to be specified and used.
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8.2.6.2 Incoming goods inspection

In the incoming goods inspection, goods are to be checked for correct marking, an adequate shelf-
life, and containers visually inspected (e.g. for any damage). Where materials are subject to specific

requirements (e.g. regarding the temperature), these shall be complied with.

In addition, for safety class S1 and class S2 adhesive bonds, the following requirement shall be met:

— the delivery conditions shall be known and be comprehensible.

8.2.6.3 Storage

Storage sha]ll be in accordance with the manufacturer’s instructions regarding temperature and.rel

humidity. It
past their e
with a view

It shall be e
substances {

All adhesive

identificatign with respect to the manufacturing documents. The shelf-life-of adhesives and auxi

materials sH

which a conftainer was opened for the first time shall be documentéd,as material inside can the

and become

The storags
componentg

In addition,

a storag
adhesiv|

In addition,

the ston

8.2.6.4 In|

During in-h
temperaturg

8.2.6.5 Cq

is also to be ensured that no adhesive or auxiliary materials are used if these thave
xpiry date and they have not undergone any new check by the appropriate manufac
to extending their shelf-life. Such an extension shall be made in writing and be‘docume

hsured that there is no contamination of adhesives, auxiliary materials and adheren
hat adversely affect adhesion.

s, auxiliary materials, adherends and production aids/tools shall be marked to permit
all be recognizable at any time during manufacture. For traceability purposes, the d3

unusable more quickly than in the original sealed container.

conditions shall be known with regards to possible adverse effects, including thos
(e.g. contamination of adhesive bonding surfacés).

re system shall be provided or there shall be documented instructions ensuring th
es or auxiliary materials in stock haveexceeded their expiry date.

for safety class S1 adhesive bonds; the following requirement shall be met:

age conditions shall be docymented.

-company transport

ouse transport,-tnaterials shall not be affected by adverse conditions (e.g. mois
e, light, contantination).

nditioning of materials

Materials a
accordance

d
I[l/vith the requirements specified.

adherends needed for adhesive bonding shall be conditioned for an adequate peri

for safety class S1 and class S2 adhesive bonds, the following requirement shall be met:

ative
gone
furer
nted.

1s by

easy
liary
te at
N age

e on

it no

ture,

bd in

8.2.7 Production environment

The production environment shall meet the requirements specified for the adhesive bonding process
and be prepared to ensure correct adhesive bonding. This also includes ensuring the necessary
environmental conditions such as temperature, humidity, lighting, cleanliness, access restrictions,
exclusion of materials that impermissibly affect adhesion, air quality and air currents.

To achieve this, the following requirements shall be met:
— identification and marking of the workplace for adhesive bonding;

observance and adherence to temperature limits for adhesive bonding work and avoidance of
inadmissible temperature fluctuations;
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8.2.8 Materials

All materials shall be certified by the adhesives supplier as conforming to relevant an
stanglards, regulations or other agreed standards or shall otherwise be shown to conform td
requjrements.

Visual examination of materials shall-bécarried out to ensure conformity to purchasing re

The

Any
be q

All njaterials shall be stored in accordance with the material supplier's recommendations
product data and safety data sheets.

Docymentation_for-each batch of material shall cover all the necessary requirements fot
recording, release for use, quarantine and storage. These documents shall be retained
purploses andwa’recording system ensuring full traceability of materials shall be used.

8.2.9 Preparation of work stations and acclimatization of materials

ISO 21368:2022(E)

surface temperature of the adherend needs to be minimum 3 K above the determined dew point;

observance and adherence to moisture limits for adhesive bonding work;
documentation of measured temperature and humidity values during production;
observation of air movement and avoidance of inadmissible draughts;

avoidance of impermissible impurities (e.g. silicones, dust, aerosols);

creation of sufficient lighting conditions and sufficient space.

ccess of the working place only for authorised persons;

1l regulations for the working environment shall be documented;
roof of compliance with the regulations shall be provided.

areas where adhesive bonding work is carried out, the use of forbidden substances
ddhesion (e.g. silicones, PTFE spray) is only permitted with the consent of the ABC.

it shall also be ensured that these substances are not accidéntally spread (e.g. by th¢
gystem or with the same tools).

H ISO 8502-4 gives a procedure for the measurement of'the dew point.

expiry dates of all adhesive, paint-and primer materials shall be checked and recorded

yarantined to prevent thenrentering the fabrication system and disposed in an appropr

that impair

b ventilation

H applicable
purchasing

quirements.

materials not conformingto vequirements, either by being defective or otherwise unsuitable, shall

ate manner.

given in the

inspection,
| for record

In order to ensure correct adhesive bonding, workplaces and zones for conditioning parts and adhesives

shal

| be prepared accordingly. The following requirements shall be met.

Ensure conformance with the correct temperature limits for the acclimatization o

f adhesives,

adhesive bonding agents as primers and other materials. Determine and observe minimum duration

of acclimatization.

Maintain technically permissible temperature tolerances during the adhesive bonding process.

Select suitable tools and auxiliary materials (devices, platforms, pumps, lifting or handling devices,

tapes, cleaning wipes, spacers, etc.) according to the process and make them available
quantities.

© IS0 2022 - All rights reserved
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8.2.10 Hea

The supplie
products sh
fabricator sl
procedures,

8.2.11 Che|
The followir

Provide material at the production site. Materials and aids shall conform with the specifications in
the work instructions.

Materials and auxiliary materials shall be adapted to the process and shall be provided in sufficient
quantities, such as:

— doc

umentation documents, pens;

— tools, fixtures, platforms, lifting equipment;

— personal protective equipment (e.g. suitable silicone and powder-free gloves);

— bar{ler tape, warning notices, stickers (e.g. 'Blocked , "Do not enter vehicle, "Do nof |
vehlicle");

— joined parts;

— wipes for cleaning (disposable wipes, dust-free and low-lint, not contaminated);

— clegning agents;

— adhlesives, primers, adhesive tapes, sealants, smoothing agents;

— dosjing and application equipment aids: spatulas, spatulas, pistadls, nozzles, cups, etc.;

— measuring equipment such as scales, measuring tapes, callipers, watches, etc,;

— fixipg aids, templates;

— spagers;

— silid

Suitabld
parts) s
applicat

one-free skin protection, skin cleaning and'care products.

Ith and safety and environmental protection

I instructions and safety data sheets for the correct use, and any subsequent dispos
hll be followed. If a deviatiomfrom the established procedures is found to be necessar
nall consult with the adhesive supplier as to the suitability of the proposed changes t
prior to implementing such a deviation. Records of deviations shall be maintained.

cking for fitting accuracy concerning shape, position and dimension
1g requirements/shall be observed in order to ensure correct adhesive bonding.

test andmeasurement procedures (order-accepting company/contractor or supplier ¢
hall bétused for checking fitting accuracy after the conditioning of adherends prior t
ion‘ofithe adhesive.

move

al, of
7 the
b the

fthe
b the

Any sp

cifiedtoterances strattmotbeexceeded There s o exception for this:

8.2.12 Checks prior to start of production

Before starting production, the following checks shall be carried out to ensure correct adhesive
bonding:

30

verification of the objective proof of competence of the bonding personnel;

suitability of the adhesive bonding procedure;

suitability of the adhesive bonding process;

verification that the correct adhesives and auxiliary materials are present on the workspace and in
sufficient quantity;
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verification of the expiry date and storage temperature. For resealable containers, the date on which
the container was first opened or the date until which this product may be used after opening shall
be documented and maintained, as material inside can then age and become unusable more quickly
than in the original sealed container;

testing of adhesives and auxiliary materials (tapes, cloths, etc.) during production for abnormal
appearance, odour or consistency, also taking into account occupational health and safety
regulations;

identification of the parts and areas to be adhesively bonded and checking the adherends are correct
and fit for purpose;

easure environmental conditions as temperature, and, if necessary, relative humidity using
Juitable equipment.

Agerits for, and methods of surface treatment (cleaners, abrasives, adhesién, promoters, gtc.) shall be

validated and specified in the work instructions (see 8.3).

The

Felevant cleaning and surface treatment instructions shall be respected and the delay between

surfdce treatment and adhesive bonding shall be validated and monitored; any deviatjon shall be

pres¢nted and evaluated AT-145 by the ABC. Any deviation shall'he documented.

8.2.13.1 Cleaning

The

following list only provides an overview. In any ca3e¢; it shall be noted that the cleaning methods are

highly dependent on the process and adhesive and ¢an change quickly with new developments.

In consultation with the ABC, only those €leaning agents and procedures may be useld which are
ddapted to the contaminations that occur

Flash off-times shall be specified and’observed (e.g. diffusion and porosity shall also be taken into
dccount).

[loths used for cleaning shall-be replaced sufficiently often by fresh cloths.
It shall be ensured that the cleaning agents are not contaminated.
If aqueous detergents'are used, sufficient rinsing and drying shall be carried out.

The cleaningnesult shall be checked, e.g. visually, by rubbing with a clean white paper towel or by
etting test;

If cleanting baths or steam degreasing systems are used, the cleaning agent shall be mgnitored and
¢hargeéd or prepared accordingly.

Al - : i ol b 1 i o SN 11 : £ 1 : 111 :
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8.2.13.2 Surface treatment

Only grinding or blasting media that are sufficiently free of contamination may be used. If necessary,
these shall be replaced by fresh material.

When using baths, contamination shall be avoided. Contamination shall be detected in good time
and the baths shall be replaced regularly.

After any pickling, adherends shall be adequately rinsed and dried.

The result of the pre-treatment is, e.g. visual, wetness check of sample adhesive bond shall be
checked.
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When using methods such as flame treatment, fluorination or plasma activation, the specified
process parameters and process times shall be complied with and monitored.

The result of surface treatment shall be checked, e.g. by inspection (visual or others), a wetting test
or by trial adhesive bonding.

When using adhesion promoters, the supplier's specifications in the technical data sheet shall be
strictly observed and implemented.

Materials shall be applied to cover the surface completely and consistently, using suitable devices.

Auxiliary materials (clothes, tissues, brushes, felts, etc.) shall be replaced at sufficiently short

interval

S.

8.2.14 Dosjing, mixing and application

The adhesiy
selected for
history sheg
information

The adhesiv

e user shall ensure that the correct procedures, raw materials and processes have

is available.

the quality plan or work instruction sheets when using the specified adhesive.

In the case
adhesive pr
air is trappe

In the case

dynamic mij
ratios. To en

Hand weigh
Apply a unif]
and insert e

the parts ar

Dosing, mix
8.3).In cert

The relevan
be presente

In the c

pf adhesive films and pressure-sensitive adhesives, apply the tape, in accordance wit
bducer’s instructions, to one of the mating surfacesjensuring that no air is trapped. I
d, it shall be removed by cutting or piercing the tape.

xing systems from pre-filled containers.or cartridges be used to ensure accurate m
sure good mixing, the homogeneity of the mix shall be checked by its visual appearan

ng and hand mixing shall not be-used.

b mated.

hin applications,the use of suitable meter-mix devices is also possible.

t dosing, mixing and application process instructions shall be followed; any deviation
1 and evaluated by the ABC. Any deviation shall be documented.

mixing

berformance shall be observed. If possible, the properties to detect sufficient mixing is

of paste adhesives, apply the adhesive as recommended by the adhesive producer.
two-compoment or multi-component adhesive systems,t is recommended that only integral staf

prm layer or bead of adhesivéto’each mating surface (or spray, swirl, multi-dot, roll-cod
g.in every case or as recammended by the adhesive producer) to ensure a filled joint y

ng and application-processes shall be validated and specified in the work instructiong

hse of two-component adhesives, the specified mixing ratio, mixing quantity and suffi

been

the application, following the quality plan. This information shall be specified on thie job
t, on separate work instruction sheets or in a combined document; provided all relg

vant

e data and safety data sheet shall be followed, together with any requirements detailed in

h the
f any

For
ic or
ixing
e.

ting,
when

(see

shall

cient
to be

specifi

be close
The spe
The spe

avoided
Only cle

Process
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d again immediately.
cified application process shall be observed.

cified adhesive quantity, bead geometry and its position shall be observed.

an application aids shall be used.

ing times shall be compatible with the ambient conditions.

Contamination during product removal from the container shall be avoided and the container shall

Inclusions of air (that can promote the accumulation of condensation) and foreign body shall be

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=f32060e0ee31f9631e39580918b79bca

ISO 21368:2022(E)

8.2.15 Inspection and testing during adhesive bonding and adhesive solidification

During the adhesive bonding process, the following shall be determined/inspected, and the results

shall

be recorded for both components and any test coupons required:

— the ambient temperature and humidity;

— the adherend pre-treatment quality (comparison against a standard);

— the adherend temperature;

— the adhesive temperature;

— xlnixing of the adhesive;

I q

— partassembly/location;

— 1

q

— 1
— 1

Mors€

8.2.1

Ensu
be m
adhe|

Closd
plang

Tape
may

Chec
plan

The
8.3).

ddhesive squeeze-out at the joint edges;

ipplication of the adhesive;

he application of pressure and the value of the pressure used, if releyant;

he adhesive glue-line temperature and the cure period;
est coupon preparation/processing;
he operator's identity.

detailed requirements for the process shall be described by the user.

6 Joining the adherends

ade directly after removal of the'protective foil. Care shall be taken not to contamin|
sive or pre-treated surfaces.

the joint avoiding air entrapment and reverse movement of the adherends perpend
e of adhesive bond.

adhesives do not alow for position adjustment after joint closure and any necessary re
require the jointtobe reworked as specified in the quality plan.

k the assembledjoint for any gaps or adhesive disbonds around the periphery, reworki
requirements if necessary.

processes of joining the adherends shall be validated and specified in the work instr
More ‘detailed requirements for the process shall be described by the user. The reley

re all protective foils are removedsfrom the tape adhesive before joint closure. The joint shall

ate exposed

cular to the

-positioning

g to quality

uctions (see
rant process

instn

uctions on joining of the adherends shall be followed: any deviation shall be pr¢

psented and

evaluated by the ABC. Any deviation shall be documented.

— The specified dimensions and tolerances of adhesive bead shall be respected.

— The instructions regarding the adhesive bonding process (direction of adhesive bonding, speed,
contact pressure, prevention of air bubbles, withdrawal of adhesive from adhesive bonding surface,
etc.) shall be respected.

— The processing time shall be defined and respected.
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ng

8.2.17.1 Fixing processes

The fixing processes shall be validated and specified in the work instructions (see 8.3).

The relevant fixing process instructions/procedures/descriptions shall be followed; any deviation shall
be presented and evaluated by the ABC. Any deviation shall be documented.

— The spe
The ad

cified fixing method shall be used (using a fixing tool where necessary).

crendsshall be fixed atthe specificd pointsonly

The spe

More detailg

8.2.17.2 Cl

cified fixing pressure and time shall be maintained.

bd requirements for the process shall be described by the user.

amping and curing

After asse

area. Apply fthe defined and validated compressive clamping load to the joint,"and check the perip
for even adhesive squeeze-out if this is a requirement. A clamping device may be necessary

materials.

Joints shall ot be loaded within the handling, or working, time specified by the adhesive producef

any clampi

The type of
and remove
shall be des

The joint shall be closed as soon as possible after adhesive application. Apply the recomme]

compressivg

If gaps or ¥
performed 3

Remake thd

The clampe
strength (af]
producer's i

Avoid any re

After the sp

bly, ensure intimate contact of all mating surfaces by applicationefpressure on the

g device used shall be left in place for the specified tite.

lamping device (if any), the clamping load, the timmes at which the clamping load was ap
1, and the operator's identity shall be recorded:*More detailed requirements for the pr
cribed by the user.

clamping load to the joint, and check'the periphery for even adhesive squeeze-out.

roids are visible exceeding the“size outlined in work instructions rework needs f
ccording to a work to be defihed procedure.

d joint shall be left for the time specified by the adhesive producer to generate han
specified ambient temperatures) or left until full adhesive strength is achieved. Adh
hstructionswill generally specify strength generation rates at given ambient temperat

verse mavement of the adherends perpendicular to the plane of adhesive bond.

peified cure period, remove any clamping devices. Record the type of clamping device

joint and apply the clamping pressure. Check for joint edge squeeze-out and mal
adhesive fillet on the joint edge with a suitable hand tool, removing excess adhesive.

joint
hery
rigid

- and

plied
hcess

nded

o be

€ an

dling
psive
ures.

ised,

the times at

which tho clamninag laad wiac annliod and romauvoad and tho anoratar'c idantity
WHEHeHe-eraHRpHR o4t WaSdppreadiareoveaadlatie- o peatoS1aentdty-

NOTE

8.2.18 Soli

Pressure-sensitive tapes develop their full strength at times beyond the initial tack strength.

dification of the adhesive

The solidification processes of the adhesive shall be validated and specified in the work instructions

(see 8.3).

The relevant solidification process instructions shall be followed; any deviation shall be presented and
evaluated by the ABC. Any deviation shall be documented.

— The spe

34

cified solidification method and associated conditions shall be used.
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During the solidification, the adhesively bonded joints - if necessary - shall be labelled. They shall be
protected against impermissible loads.

The total solidification time shall be defined and met in function of ambient conditions.

8.2.19 Inspection and testing of finished components

Following completion of the adhesive bonding process, including post-adhesive bonding operations,
compliance with acceptance criteria detailed in the quality plan shall be verified. Appropriate
inspection tests include:

8.2.20 Packaging and transport of adhesively bonded components

The
8.3)

The

presented and evaluated by the ABC. Any deviation shiall be documented.

8.3
The

bonding technology,compare Table 5) the following information:

tstrat trrspection;

¢onformance with dimensional requirements as indicated by drawings;
non-destructive testing;

¢oupon testing;

fandom destructive testing.

packaging and transport processes shall be validated and‘specified in the work instrjuctions (see

relevant packaging and transport process instruetjons shall be followed; any deviation shall be

Pamage to adhesively bonded components shall be avoided during transport.

If the solidification of the adhesive in the adhesively bonding joint is not fully finisheg, it shall be
¢nsured that the required adhesive*bonding conditions are met during packaging of transport/
moving/handling.

Avoid interactions between the‘packaging material and the possible emission produ¢ts from the
unsolidified adhesive.

Work instructions; minimum requirements

hdhesive bonding procedures shall indicate at least (depending on the specific applied adhesive

gcope of.the'work instruction;

feference documents including revision status

vz daraz ot b Aot aa )
oy, aCvwWpommc tCmperatary,

temperature of adherends;

revision and date;

type of adherend;

type of adhesive, cleaner and adhesion promotor;

check and/or document batch number, expiration date of usage, opening date, etc.;
specific conditioning of the adherends and the adhesive bonding materials before use;

equipment, systems and/or tools, auxiliary substances;
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sequence of operations;

treatment of the adherends;

personal protective equipment;

ion of the adhesively bonded joint.

timing of application (open time, solidification time, pot life, skin formation time, etc.);

executions of any preliminary and intermediate inspections/checks to be carried out during the

Description of measures [these may only be carried out in conjunction with an rABC or its deputy

(rABC/d)] and the traceability of the process parameters and the adhesive bonding operators shall be
documented at minimum for class S1 and S2. The documentation of the traceability shall be recorded in
a separate report.

All procedures related to adhesively bonded joints shall be approved by ABC or deputie§(ABC/d).

The quality{relevant steps in production for classes S1 and S2 shall always be docutented as shoyn in
Table 5 and kept for a certain time, to be defined at the beginning of each project.

Table 5 — Manufacturing/process documentation class'S1 and S2
Manufacturjing/process documentation Essential If necessary
(for class S1 and S2)

Identificatioh of the producer of adhesively bonded materials X

Identificatiop of the work station X

Identificatioh of measurement equipment (humidity, temperature) X

Identification of the adherends or if not possible identificatiorof the mounting X

position

Identificatioh of adhesive bonding products like adhesive, adhesion promotor X

or cleaner (e|g. name, batch size, expiry dates,)

Identificatioh of the work instructions X

Documentatjon of the following process parameters:

— date X

— time X
X

— tempergture of the adherends <

— temperature of the adhesive containers X

— ambien{ temperature X
X

— humidity cohditions X

— dew poirt <

— flash of time (cleaner, adhesion promotor) X
X

— processing time (wet life, pot life) .

— fixation time X X

— solidification time (curing/hardening time)

— checking of dimensions of adherends

— result of the evaluation of the work samples

— date/time of commissioning

Identification of the adhesive bonding operator X

36
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Table 5 (continued)
Manufacturing/process documentation Essential If necessary
(for class S1 and S2)
In case of deviation involvement of ABC or deputy X

8.4

Process reliability

8.4.1 General

Proo,

of nroduction reliabilitv _shall be provided bv periodically preparing suitable
r 4 Ir I’ I 4 I Ir [=]

Production-

accol
can |

Verif]

documentation.

8.4.2
For s
1

1

q

q

gpecified and documented;

mpanying work samples as specified in 8.4.8 document, i.e. it shall be verified that dd}
e produced as described in the design and manufacturing documents in a reprodugibl

ication of production reliability involves the continuous checking of process parg

Quality planning
afety class S1 and class S2 adhesive bonds, the following requiréments shall be met:
he adhesive bonding process as a whole shall be documented;

imes, objectives, scope, responsible persons, staff and procedures for quality plann

iny quality measures to be taken shall be documented and shall become part of thd

8.4.3
Plan

Ssyste
avail

8.4.4

Follo

|

ocuments;

uality measures shall be checked in constiltation with the ABC.

Control of planning and manufacturing documents

hing and production documents shall be controlled in accordance with the quality 1
m (QMS). In particular, it shall be ensured that all current production documents hav
able to the ABP member-in ¢harge at the time of adhesive bonding.

Process validation

wing the designystage, it shall be checked that the procedure specified will fully com

tech

in ity entirety-and that the product can be consistently manufactured in terms of quantity
as requiredsby the client.

In addition, for safety class S1 and class S2 adhesive bonds, the following requirements sha

ical requiréntents, i.e. it shall be verified that the adhesive bonding process as designé

esive bonds
P manner.

meters and

ing shall be

production

nanagement
b been made

ply with the
d is feasible
and quality

|l be met:

there shall be a preliminary check of all individual steps of the production process;

established procedure;

records;

adhesive bonding process data shall be determined and documented in accordance with the

results shall be substantiated by preparing production-accompanying work samples and by test

for permanently maintaining production quality, tests are to be carried out during production. For

process control purposes, the adhesive user-company shall demonstrate that adhesion and cohesion
are adequate. It shall be the ABC’s responsibility to specify the type, extent and time of such checks.

In doing this, due consideration shall be given to the interfaces between process stages (storage,
transport, effect of any downtimes on the upstream and downstream stages).
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The first adhesive bond shall be prepared with the assistance of the production planner and the
ABC, due consideration being given here that the entire production process reflects the later series
production. Appropriately trained experts may represent the ABC. The assistance shall be documented.

In addition, for safety class S1 adhesive bonds, the following requirements shall be met:

— it shall be checked by means of theoretical consideration or simulation of the adhesive bonding
process whether the process stages are properly synchronized and the required output is ensured.

at the start of production at the latest, proof shall be provided that the design parameters (strength,

deformation characteristics) are complied with; this may also be done by component testing (see

6.9) or

AVA fpcfing prndnrfinn-;\(‘rnmpnnying work cqmp]pc

8.4.5 Pro

Production-
that the req

This applies
adhesive bo
contractual

Proof of conj
process is p

during production under the same conditions as the actual adhesively bonded product. In this wa

adhesive us

For this puryj
work samp
adhesively
samples shd
surfaces, pr
The type, si
production
adhesively 1

The numbe}
classificatio
new produc

Such modifi

adhesiv|
consum

|
lfonded product without any doubt. For this“purpose, the production-accompanying

site of manufacture;

duction-accompanying work samples as proof of application quality

pccompanying work samples taken during production are an indispensabletool to f
ired quality and consistency of the production process is maintained.

in any case to adhesively bonded joints of classes S1 and S2. Qnythe other hang
hds of classes, the possible production of production-accompanyingywork samples shg
y agreed by mutual consent, taking into account the technical sénse and necessity.

pliance with the required quality, consistency and reprodueibility of an adhesive produ
rovided by production-accompanying work samples. Theése*samples shall be manufact

br-company can check its adhesive bonding processes;

s are designed in such a way that they allew conclusions to be drawn about the a

11 be produced as close to production_as possible (original adherend materials, adhg
pduction-related adhesive bonding process, product-related design of the work sam

planning and included in the test plan documents or other documents relevant t
onded joint.

" of production-accompanying work samples depends on the production volume an
h of the adhesive bonds. The frequency of work-samples shall be increased at the star
Lion, when the proceess‘is modified or after disruption to the process for a prolonged pd

Cations to the process can be due to the following process changes of the:

e bonding equipment directly impacting the adhesive bonding process (excluding dispo
ables);

rove

|, for
11 be

ction
ured
7, the

bose, the user-companies shall ensure that the adhesively bonded production-accompanying

ctual
ivork
sive,
bles).

ve, frequency and sample area of the’'work samples shall be determined by the ABC during

the

] the
t of a
riod.

sable

surface

materia

adhesiv

characteristics;

Is used (e.g. adhesives, adhesion promotors, support, etc.);

component supplier;

e bonding work station.

In the event that the work-sample tested does not satisfy the requirements, the ABC shall be informed.
It shall be his/her responsibility to decide on the measures to be taken in respect of the functionality
of all similar adhesive bonds. Test methods and acceptance criteria shall be defined by the ABC in the

proof plan.
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Suitable test methods can be:

— appropriate bead peel test as described in E.3.5;

— tensile lap-shear test as described in E.3.3;

— peel resistance test as described in E.3.4;

— Shore hardness test as described in ISO 48-4;

— random destructive test;

Test

or contractual provisions.

8.4.6

Ident
proc

Annd
data

Keep
plan

For s

— it shall be the ABC responsibility to confirm that the adhesive bonding work has been ¢

q

— 1

| de dnn b b
- IUII'UCDLl ULLIVC LCOLS,

ther tests method (including internal tests methods) validated by the ABC.

results for production-accompanying work-samples shall be documented in-¢ompliang

Quality control of process reliability /traceability

ification and traceability shall be maintained throughout the®adhesive bonding
bss by suitable documented systems.

x H shows an example of a job history sheet, suitable for recording all relevant info
any other form of record documentation, in whole or part, shall be as extensive.

ing such records does not mean that other data aad information records required by
the adhesive user's general quality procedures or statutory requirements need not be

afety class S1 and class S2 adhesive bonds ‘enly, the following requirements shall be m

ompliance with the requirements;

he necessary action involved shall be specified by the ABC (e.g. by establishing qu

The dlocumentation (adhesive bonding records/see Annex I) shall include the following infd

it shall be the ABO respansibility to keep the adhesive bonding records.

easures);

evision status;
ate and time;
etails,of ambient conditions;

recess parameters;

e with legal

production
'mation and
r the quality

kept.

t:

D

hrried out in

nlity control

rmation:

— adhesive bonding system: products, batching, expiry dates;

— i

dentification of components and adherends;

— signature or identity of the ABO;

— description of measures taken in the case of adhesive bonding process deviations (to be taken only

i

n consultation with the ABC, who is to give his consent by signing);

— documentation of environmental conditions relevant to the adhesive bonding process;

— documenting or recording of adhesive bonding process (adhesive bonding records);

— signature of two persons;
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— final check by an ABC (two-man rule).

8.4.7

Instruction of adhesive bonding personnel (ABP)

Using the production documents, the adhesive bonding personnel (ABP) involved in adhesive bonding
work shall be instructed as to the individual processing steps and tests to be carried out prior to and

after the sta

the ABP

rt of production. It shall be ascertained that:

have understood and accepted the instructions;

the processing steps (sequence and duration of process stages) as designed are feasible;

toleran
product
the ABH

In addition,

each AH
documsd

8.4.8 Pos

The user-c
processes
adhesive us

A record of ;

8.5 Rewd

In case of dq
out. This rey
in the same

8.6 Quality assurance

8.6.1 Gen

All adhesivd
contractual

Documents

es are realistic;
ion aids and tools fulfil the designed function;

are adequately skilled.

for safety class S1 and class S2 adhesive bonds, the following requirement shall be met:

P member shall be instructed prior to the first bond he/she will‘make, and this sh4
nted.

t-adhesive bonding finishing

pany shall be responsible for the specification of post-adhesive bonding finishing
nd materials shall be compatible with the adherends; the surface conditions anc
bd, and shall be in accordance with any specifications detailed in the quality plan.

iny finishing operation shall be made.

rk

btection of imperfections in the @dhesive bond after solidification, rework shall be ca
vork shall be done according tothe instructions defined by the ABC and shall be documg
way as the normal production‘work.

eral

bonding stages and all finished adhesively bonded joints shall be inspected to the ag
requirethent.

for-quality assurance shall be prepared for classes S1 and S2, with support of the ABC.

1l be

The
| the

rried
nted

reed

For class S3,

thre useof these documents tamr beagreed as required:

The quality assurance system applies to both new and reworked products.

8.6.2 Quality planning

In order to ensure conformity of the quality of components, processes and work-samples with the
requirements specified in the design and manufacturing documents, testing in accordance with a
testing plan (see Annex I) or comparable shall be carried out. At least one test method should be used
that permits any deviations of the production process or the material characteristics to be established.
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The items of the testing plan, the test instructions and the test report are listed in Annex I describing
minimum requirements.

NOTE1  Test methods are described in Annex E.

NOTE 2  Accelerating ageing tests are described in Annex F.
8.6.3 Quality inspection

8.6.3.1 General

The ¢uality inspection includes the testing of components and work samples as well as prgcess control
according to the testing plan. When using test procedures, standardized procedures) shall be used.
Thesle shall be validated for case in question.

8.6.3.2 Test methods

The following may be used as test methods (see Annex E):

a) mon-destructive methods:

+ visual check;

1+ tightness test;

1+ dye penetrant inspection;

+ methods using ultrasound, radiation, electrical conductivity, etc.

b) destructive methods:

— tensile, shear, peel testing;

— fatigue testing;

— cyclic testing.

c) Accelerating ageing tests: see Annex F.

8.6.3.3 Verifying production consistency

Proof of productioh consistency shall be provided by periodically preparing suitable work-samples as
specified in 8.4;i.¢. it shall be verified that adhesive bonds can be produced as described ih the design
and manufactuying documents in a reproducible manner.

Verifiication~of production consistency involves the continuous checking of process pargmeters and
doculmentation.

8.6.4 Action in the case of deviations

Based on the evaluation of the test report, a decision shall be made as to the release of a product or any
necessary corrective action. Corrective action may relate to a component, a process or the specifications
in the design and manufacturing documentation.

Procedures shall be established to control the flow of information, decision-making channels and
the behaviour of staff involved in the adhesive bonding process in the case of process disruption and
deviations.
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In addition, for safety class S1 and class S2 adhesive bonds, the following requirements shall be met:

be disrupted;

all staff

involved in the adhesive bonding process shall be duly instructed in the procedures;

procedures and instructions shall be documented.

8.6.5 Monitoring of measuring and test equipment and of production aidsandtools

8651 M

Any measu

pnitoring measuring equipment

ing equipment used in the adhesive bonding process shall be monitored. Fhis appli

particular, to instruments for measuring the ambient temperature, the component _temperaturg

humidity, b4
radiant inte

In addition,

measur

8.6.5.2 M

Adhesive bq
applies, in
equipment 1

In addition,

monitof

8653 M

Proof shall 1
applies, in p
In addition,

test eqy

— proof sh

8.6.6 Imyp

ilances required when using two-component adhesives, and equipment for measurin
hsity where light curing is involved.

for safety class S1 and class S2 adhesive bonds, the following requirement shall be met:

ng equipment shall be calibrated at specified intervals.

pnitoring adhesive bonding equipment

nding equipment shall be monitored with respeet to its function and cleanliness.
barticular, to application devices and equipment used for curing the adhesive. W
equires maintenance, this shall be done by verifiable competent ABP.

for safety class S1 and class S2 adhesive(bonds, the following requirement shall be met:

ing of the equipment and training:of ABP shall be documented.

pnitoring test equipment

e provided that all testequipment used in the adhesive bonding process is monitored,
hrticular, to testing machines, surface measuring instruments and analytical equipme

for safety class Stand class S2 adhesive bonds, the following requirements shall be met:

ipment shallBe‘calibrated at specified intervals;

all be preyided that the staff using the equipment have been trained.

erfections in adhesively bonded joints

it shall be specified which form of process disturbance is to cause the adhesive bonding process to

it shall also be specified under which conditions the adhesive bonding process may be restarted;

bS, in
and
g the

This
here

This

8.6.6.1 Application-related imperfections

Any imperfections produced during manufacture or repair shall be assessed taken the application into
consideration. An informative list of such imperfections and their causes is given in Annex G.

8.6.6.2 Decorative imperfections

Decorative imperfections that are those, which have no effect on the technical function of the adhesive
bond can occur. A decision as to whether such imperfections are admissible should be made on a case-
by-case basis.

NOTE

42

Examples of non-decorative and decorative imperfections are described in Annex G.
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8.6.7 Control of non-conforming products
A process shall be established to control non-conforming products.

In addition, for safety class S1, class S2 and class S3 adhesive bonds, the following requirements shall
be met:

— there shall be a process for dealing with adhesives and auxiliary materials which have gone past
their expiry date;

— this applies particularly in cases where the adhesive user seeks to extend the shelf-life.

8.6.8 Preventive and corrective action

A prgcess shall be established that governs any preventive or corrective actions (e.g.wWhere the adhesive
composition or the surface condition of adhesive bonding surfaces changes, etc.)

9 Maintenance and repair

9.1 | General

All mpaintenance and repair work on adhesively bonded parts shall be carried out to the agreed safety
clasd if the design is not changed. The proof of conformity shall be upheld.

Priof to adhesive bonding work, the:
— gcope of work shall be defined;

— (¢lass shall be identified;

— dlocumentation shall be completed.

Any feviation from documentation of'the company that gives the order (e.g. drawing, bill|of material,
safetly class, etc.) shall be justified. Verifications by analysis or testing in accordance with thjis document
(see Llause 5, in particular) shall be made, where necessary.

If no|previous information of documentation is available, requirements for maintenance work shall be
specified so that the requited technical condition is ensured for class S1 and S2.

Usertcompanies that’do not carry out adhesive bonding work during maintenance and repair are
pernjitted to subcdntract such work, where the workshop in which the adhesive bonding work is done
shalljmeet the requirements of this document.

Wheh companties that accept the order carry out maintenance/repair, they are permitted to perform
such|workrat another site only if this is possible under the same conditions and if the spme quality
requjrements can be fulfilled, whereas the workshop in which the adhesive bonding work {s done shall

41 H 4 £alas pa | i
meette requiremeirts or tits aocuirent:

9.2 Planning of maintenance and repair

Where an adhesive bond to be made as part of maintenance work has not been classified, the responsible
designer, together with the ABC, shall assign a safety class (see Table 1) to the adhesive bond.

The type of maintenance work concerned shall be defined prior to planning.

Prior to starting maintenance, it shall be checked whether the intended measures have already been
planned. If not, the measures shall be planned (see 8.2.2).
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In addition, for safety class S1 and class S2 adhesive bonds, the following requirements shall be met:

shall be

ensured that this process is applicable to the case in question;

if an adhesive bonding process to be used (using specified materials) has already been released, it

ifa process (using materials still to be specified) shall be qualified for the first time with the support

of the ABC, its suitability for the intended purpose shall be verified and documented (see 8.2.2);

ifan adhesive bond is made based on the parameters of a process already released, but with certain

deviations for the new adhesive bond (e.g. adhesive bonding on an old bead using the same adhesive),

any dev

iating stages shall first be approved;

ideally,

given th
shall be

since th
become
at the d
work;

in orde

follows;
the

it sl
sco

the

9.3 Main

Maintenanc
prepared fo
The validati

Instructions
ABO in adhs

In addition,

it shall
with thg

the rele

aintenance work shall be specified when approving a new design;

e fact that am adhesive bond mostly cannot be tested non-destructively, maintenance
designed so that the serviceability of the adhesive bond is ensured;

e factual circumstances (e.g. adhesive bonding surfaces, adhesion, contamination)
s apparent during maintenance work, any possible alternatives shall be considered alj

to ensure a consistent quality of production, accompanyingtesting shall be carried 9

type, scope and time of testing are to be specified;

hall be the designer’s responsibility to decide, in.€onsultation with the ABC, on the
be and time of testing;

decision-making process shall be documented.

fenance and repair instructions

e and repair work on class S1 to\class S3 shall be done based on written work instruc
" the class in question. Details.of the work performed shall be documented for these clg
pn of the instructions shallbe checked by the ABC.

shall be drawn up feor, maintenance work, specifying the procedure to be followed b
sive bonding work(

for safety class ST"and class S2 adhesive bonds, the following requirements shall be mg

be the desigher’s responsibility to release the design of maintenance work, in consult
e ABC;

hse shall be documented in a transparent way.

work

only
eady

esign stage or a process shall be designed that ensures a reliable procedure at the time of

ut as

Lype,

tions
Sses.

 the

htion

9.4 Performing maintenance work/execution rules

Where the condition of surfaces is unknown, a known surface condition shall be achieved (e.g. by
removing unknown coatings by grinding). If this is not possible, the safety level shall be ensured by
employing additional joining methods.

In the case of a suspected failure, the condition of any inaccessible adhesive bond shall be evaluated by
properly inspecting neighbouring zones or the component as a whole.

Any deformation of the body structure shall be avoided during exchange from adhesively bonded
components.
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Where maintenance work is done on sites outside the contractor’s responsibility, the ABC of the
company actually doing the work is to ensure that all necessary conditions are complied with prior to,
during and after adhesive bonding work.

If the responsibility is to be defined in a different way (e.g. in a client-contractor relationship), this shall
be contractually agreed. The person responsible shall have the qualifications in accordance with the
requirements specified in this document for adhesive bonding work (see Clause 5).

In addition, for safety class S1 and class S2 adhesive bonds, the following requirement shall be met:

— staff charged to carry out maintenance adhesive bonding work shall have the Level 3 competence

9.5

Maintenance/repair activities require the following minimum information that shall be

a Malintenance/repair manual written by the company that has managéd)the design acti
adhesively bonded parts. If such a manual is not provided, is no longer available or should
the 1}

Int

genefal workflow principle detnohstrated in Annex C, Figure C.1.

For

9.6

For sub<econtractors this complete document, i.e. ISO 21368, shall be applicable.

jccordance with the in-house procedures.

Documentation

¢atalogue of the adhesively bonded joints (e.g. drawing, bill of materials);

gubject to maintenance inspection;

operational repair procedures [including the list of the used adhesives with relative te
gheet (TDS) and safety data sheet (SDS);

ecessary equipment and instrumentation;
lan of the preliminary to final chegks.

e case of any change in the 'design of the joint, the maintenance/repair process sha

safety class S1 and class S2 adhesive bonds, the following requirement shall be met:

records and the area concerned.

Sub-contracting

ecific to the

articular adhesive bonding work (e.g. corrosion, voids, insufficient adhesion) and regort these in

ontained in
vities of the
be updated,

naintenance/repair company can create its own manual or modify the one was provid¢d only after
warranty period. In any case, the documentation shall include, asia minimum:

instruction including surface preparation (cleaning), pre-treatment and post-treatment of the parts

chnical data

] follow the

the maintenance(process shall be documented, at least reporting the data in the adhegive bonding
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ssistance for providing adhesive bonding technology
competences

A.1 Gene

The essenti
the user of
The framew
compreheng

Table A.1 p
learning obj

ral

il competences in adhesive bonding technology are explained, the objective is|to pr
this document with a framework to form the basis of harmonised training requirem
fork provides a demonstrated way of developing and establishing a contemporary
ive personnel qualification in adhesive bonding technology.

rovides the general background to the skills required at each level and the assoc

lectives.

vide
ents.
and

jated

Table A.1] — Competence levels — Skills and duties with related learning objectives for each

level
Level |Level Designation |Overarching, technology- and content-in-|Overarching, technology- and|con-
dependent skills and duties tent-independentlearning objectives
. Interdls.c1plmary thlnklng, decisign'making Evaluate, create and transfer technical
1 Comprehensive and acting, comprehension of’the product .
. knowledge to new circumstancgs.
life cycle, etc.
Planning, organizing and controlling, adjusting
2 Spdcific process parameters, recognising and reacting | Apply, analyse, understand and exjplain
p toirregularities inproduction, maintenance |technical content.
and servicing processes etc.
Independentand competent execution of work
3 Badic instructiohs) classification of work instruc-|Know and understand technicalf con-
) tions in situational contexts, recognition of |tent.
irregularities and reporting them
NOTE1 Sde concerning overabching, technology- and content-independent skills and duties for example $.4.1/
Table 3 and 5{4.2.2 to 5.4.2 4.
NOTE 2  Sqe concerning overarching, technology- and content-independent learning objectives examples of

typical actioq

Learning obj

verbsk2h[83] [54],

bctive level 1: transfer, develop, evaluate, decide, assess, select, etc.

Learning objective level 2: explain, determine, interpret, identify, compare, check, implement, etc.

Learning objective level 3: name, describe, understand, get to know, apply, perform, report, etc.

A.2 Supporting the acquisition and providing of competences for adhesive
bonding personnel (ABP)

Clause A.2 offers a comprehensive, decades-long, internationally recognised and industry-accepted
proposal for the professional and contemporary implementation of a target group-oriented qualification
for employees in adhesive bonding technology (ABP). For each main content from 5.4.2.1, Table A.2
gives detailed target group-oriented instructions for linking the overarching competence levels from
Table 3 with the technology and content-independent learning objective levels described in A.1. The
adhesive bonding technology concretisation of this link is listed in detail in A.3 for each of the three
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competence levels mentioned in Table 3. As a result of this target group orientation, the action verbs
used (A.3.1 to A.3.3) in the context of this in-depth content are to be understood exclusively: They show
the assignment of the in-depth content to the respective learning objective level by way of example.

Table A.2 — Subject contents concerning minimum technological competences for adhesive
bonding processes including engineering, production, maintenance and repair

Minimum technological competences for adhe- Level 1 Level 2 Level 3
sive bonding processes including engineering, . ‘o .
production, maintenance and repair (EEmr e et (EEEC (Esi)
Subject content detailed detailed detailed
description of each description of @Ltiscription of
subject content in A.2 each subject ']/ ach subject
clause number content in AﬁQ) coptentin A.2
clause numbi clajuse number
Adhg¢sion and adhesives A31.1 A.32 A.3.31
Matdrials as substrates/adherends) A3.1.72 A.3:2.2 A.3.3.2
Design (incl. durability, ageing, fatigue) and its A3.13 A3.2.3 A.3.3.3
validation A3.14 A3.2.4 A3.3.4
A.3.1.5 A3.2.5 A.3.35
Adhgsive bonding process - pre-production
A3.1.8 A.3.2.8 A.3.3.8
A.331.5 A3.2.5 A.3.3.5
Adhgsive bonding process - in-production
3.1.8 A3.2.8 A.3.3.8
A.3.1.5 A.3.2.5 A.3.3.5
Adhgsive bonding process - post-production
A.3.1.8 A3.2.8 A.3.3.8
Mairltenance A.319 A3.29 A.3.39
A3.1.6.1
Testing and analysis A.3.1.6.2 A3.2.6 A.3.3.6
A.3.1.6.3
Health and safety A.3.1.8 A.3.2.8 A.3.3.8
Qualfty management A31.7 A.3.2.7 A.3.3.7
A.3 | Minimum technological competences for adhesive bonding processes -
detailed definitions
A.3.1 Comprehensive: detailed definitions
A.3.1.1" “Adhesion and adhesives

Detailed comprehensive competences, knowledge application, practical application and experiences
according to 5.4.2.2, with respect to these subject contents, includes being able to:

estimate adhesive bonding technology considering capabilities/pros and limitations/cons that are
involved and compare it with other joining methods;

describe and explain the main functions and the working principles of adhesive joints;
define additional functions that may be taken over by adhesives;

explain a “special quality management process” (see NOTE below) that can only be controlled by
special process management as a general and transfer this to the adhesive bonding process;
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give a definition and to evaluate the concept of joint strength to characterize the performance of
adhesively bonded joints;

give definitions and explanations of following terms like atom, orbital, molecule, mole, molecular
weight, monomer, polymer, prepolymer;

name the different types of intermolecular and intramolecular interactions and (for covalent bonds
and for the different types of physical interactions) to explain how they form and to interpret their
properties with each other;

describe composition and primary structures of polymers (homopolymers and copolymers,
branched.and crosslinked ernr‘hlrpc)-

describ¢ secondary structures of polymers (amorphous structures, crystalline structures);

know the different classes of plastics (thermoplastics, elastomers, thermosets, thefmoplastic
elastomlers) and to describe and explain their characteristic structure and typicalpfoperties when
expose( to elevated temperatures, organic solvents/water, mechanical loads;

interpret the relationship between the structure of polymers and chain mebility;

deduce Information about the properties (esp. concerning macroscopic afid microscopic deformption
behavigur) of a polymer from knowledge of its structure;

describeg the concept of thermodynamics of processes (Free Enthalpy G, Enthalpy H, Entropy S|Free
Energy F, Internal Energy U, thermodynamic equilibrium);

explainfand evaluate the torsion pendulum test and the results;

describe the temperature dependence of chain mobilitjrand of the mechanical behaviour of polymers
(esp. of the storage modulus G’) depending on the various thermal states for thermosets, elastomers,
amorphlous thermoplastics and semi-crystallinethermoplastics;

name different criteria for the classification of adhesives and to give detailed classificafions
according to their chemical compositionand their solidification mechanism;

explain|the general difference between physically hardening and chemically curing adhesive$ and
to desctfibe the principles of the mechanisms;

assign ddhesives to specific €lasses of physically hardening adhesives or polyreactions;

explainithe principal préeessing steps and conditions to heed for various adhesives and to knoy the
conseqyences that may.occur, if there are deviations;

know the generaladhesively bonded joint properties after solidification for the adhesives;

know hpw to\ealculate equivalents to evaluate the mixing ratio of 2-component adhesives;

describethe functions of fillers used in adhesive formulations;

explainand apply the terms adhesion, phase and interphase, adhesion energy,joint strength, entropy,
enthalpy, interfacial tension and interfacial energy (Gibb’s thermodynamics), wetting, contact angle
(Young equation);

know about the bonds and interactions in and between condensed phases, to compare them with
each other and to explain their formation and their relevance for adhesion (chemical bonds, physical
interactions, electrical double layer);

know about relevant properties of surfaces which affect adhesion and to describe the influences
(wettability, surface structure, surface composition, contamination);

predict the course of physical processes and chemical reactions in a system using thermodynamic
parameters (G=H - TS or F = U - TS, dependence of a process on AG and AF);
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— describe the behaviour of polymers on inorganic and polymeric interfaces and the behaviour at
interfaces in general, with and without specific interactions with the neighbouring phase (features
of inorganic and polymeric interfaces (compatibility, positive and negative adsorption), special
features of the orientation of polymer chains, their chain ends and side chains);

name the different adhesion models/theories and describe the mechanisms they are based on
(mechanical adhesion, specific adhesion (polarisation theory of adhesion, electrostatic theory of
adhesion/EDL, diffusion theory of adhesion, thermodynamic adhesion models, chemical adhesion);

develop, implement and inspect necessary measures in the practice concerning the long term-stable
adhesion and the correct application of the adhesives.

NOTH An example is a process given to ISO 9001.

A.3.1.2 Materials as adherends

Detal

aCcol

jled comprehensive competences, knowledge application, practical application and
rding to 5.4.2.2, with respect to these subject content, includes being ablg, to:

describe polymers, materials (thermoplastics, thermosets, elastomers, thermoplastic
gurface properties (polymer/polymer interactions, compatibility" of polymers, surf]

¢ontaminations) and their estimation of adhesive bonding preperties for use in practic

escribe metallic materials (steels, galvanized steels, aluminium, internal structure

experiences

elastomers),
hce tension,

e
I~

of metallic

aterials, deformation mechanisms, hardening mechanisms, failure mechanisins, surface

roperties;
escribe glasses (soda-lime glass, internal structure, surface properties, gel layer);

escribe fibre reinforced plastics (FRPs):ilicluding glass fibre reinforced plastics

¢arbon fibre reinforced plastics (CFRPs), composition and internal structure of F
properties compared with other materials, mechanical properties, anisotropy, surfac
polymer/polymer interactions, compatibility of polymers, surface tension, contami

their estimation of adhesive bonding properties for use in practice;

¢xplain objectives of surface treatment for adhesive bonding technology (select
or surface treatment méthods: cleaning with aqueous cleaning agents, cleaning w
ontaining cleaning agents, grinding, grit blasting, peel-ply (FRPs), etching/conversi
nodization, silicatisation (sand coating method, flame pyrolysis method), flame
luorination/oxyfluorination, AP plasma/Corona, LP plasma for fine-cleaning, activat

UV-Treatment;adhesion promotor);

xplain technical characteristics of the methods (the process steps and process param
escribe physical and chemical principles of the methods;

Xplain resulting changes to the surfaces/effects on the surfaces;

GFRPs) and
Ps, general
P properties
nation) and

ion criteria
ith solvent-
bn methods,
treatment,
on, coating,

bters);

describe fields of application/advantages and disadvantages compared among each other;

explain and apply the definition of force, stress, strain and modulus and how they are correlated with
each other, deformation behaviour of polymers [elastic deformation (Hooke’s Law for tensile and
shear loads, Poisson’s ratio, correlation between E, G and v], viscous deformation (with the special
case "plastic deformation"), visco-elastic deformation, time-dependent behaviour, creep, influences
on the deformation behaviour of polymers (esp. material, temperature, load rate, plasticising effects,
modelling of the deformation behaviour using analogous models, rheological base elements (e.g.
Hookean, Newtonian, St. Venant elements), rheological base element combinations (e.g. Maxwell
model, Voigt-Kelvin model), behaviour of base elements and base element combinations during
retardation and relaxation;
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— select and implement the most suitable adherend material and its most suitable surface treatment

method

A.3.1.3 Construction and design

Detailed comprehensive competences, knowledge application, practical application and experiences
according to 5.4.2.2, with respect to these subject content, includes being able to:

— apply fundamental principles of mechanics, stress, stress and strain, uniaxial and multiaxial, tensile
stress, compressive stress, shear stress, strain, uniaxial and multiaxial, tensile strain, compression
strain, shear strain, nominal stress and nominal strain, true stress and true strain, Hooke's Law,
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elastic

under h
distriby
of overl
using ey

explain

— plal
fun

— des
seleg

— pro

onstants, E-modulus, shear modulus, Poisson's ratio, shape change and volume ch

drostatic pressure/tension, equivalent stress and equivalent strain (e.g. von Mises),'s
tion in an adhesively bonded lap joint when subjected to shear stress; influenceefvari
hp length, adhesive film thickness, stiffness of the adherends, calculation of stress’and s
amples, calculation of equivalent parameters using examples;

the systematic methodical approach to product development:

ming phase: description of the task; list of requirements, concépt phase (subsyst
Ction analysis; drafting of concepts), concept evaluation;

gn phase: adherend material selection; design rules, ¢yinciples, guidelines; adh
ction, dimensioning;

duction planning;

draw up lists of requirements for adhesive bonding applications [main parameters, formal |

require
know th

select a
propert
adhesiv|

describ
adhesiv|
analytid
factors,
down f4
bonded

be fami
approad

analyse

ments (requirements and desires)];
e fundamental principles of design suitablé for adhesively bonded joints;

Hhesives for specific applications [compare the requirement profile for application wit
y profiles of adhesives and with methods for determining missing data (qualificati
es), ranking of adhesives];

b methods for determining)parameters for dimensioning approximately dimensioni
elybondedjoints byloadanalysis (nominal parameterapproaches forlow-modulus adhe;
al approaches for high-modulus adhesives, basics of finite element method (FEM), s
design load value and load limit analysis (characteristic values, determination of k
ictors consideritig) relevant influencing factors for the long-term behaviour of adheg
joints (tempg€rature, media, creep, fatigue, etc.), safety factors, load limit value;

liar with‘capabilities and limits of the various calculation methods (nominal and analy
hes, EEM analysis);

toverify and to evaluate the structural design of adhesively bonded joints in compon

ange
tress
htion
train

ems;

psive

st of

h the

bn of

hg of
ives,
hfety
nock
ively

rtical

Ents;

describe basics of elementary mechanical joining processes (clinching, riveting (self-piercing rivets
and blind rivets), parameters influencing the quality of mechanically joined components, hybrid
joining: definition, influencing factors, typical combinations of with practical relevance, advantages
of hybrid joining compared to the respective elementary joining methods, fixing method, sequence

method

)

estimate with responsibility and implement the long term-stable use of adhesive bonding in each
certain joining case.
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A.3.1.4 Durability

Detailed comprehensive competences, knowledge application, practical application and experiences
according to 5.4.2.2, with respect to these subject contents, includes being able to:

— describe ageing (definition, causes, consequences, internal ageing, ageing caused by mechanical
stress, ageing caused by the effect of moisture and aggressive media, the accelerating effect of
elevated temperature on ageing, photodegradation (principles of photooxidation and direct
photodegradation, weathering (outdoor exposure), the "philosophy” of accelerated ageing in the
laboratory;

escribe corrosion—in-agueous—environments equirements,—cathodicand-anodic reactions),
¢xamples of corrosion appearances (especially corrosion of adhesive joints), considérafions for the
design of adhesive joints to avoid corrosion;

develop protective measures and to put them into practice.

A.3.1.5 Adhesive bonding process

Detajled comprehensive competences, knowledge application, practical application and ¢xperiences,
with|respect to these subject contents (see 5.4.2.2), includes being able to:

describe comprehensively the various joining techniques;

¢xplain the advantages of adhesive bonding technology:compared to other joining techniques such
as welding and riveting;

¢xplain the disadvantages of adhesive bonding and the limitations regarding the use df adhesively
honded components;

integrate adhesive bonding into the produiction planning and to put the planned profluction into
practice.

A.3.1.6 Testing and analysis

A.3.1.6.1 Non-destructive testing

Detajled comprehensive competences, knowledge application, practical application and |[experiences
according to 5.4.2.2, with-respect to these subject contents, includes being able to:

describe and ekplain the functional principles, the measuring principle and the interjpretation of
results of thefollowing methods and which failures are detectable with their help: visual inspection,
eak test,acoustic emission, tap test, Woodpecker, ultrasound testing (conventional mgthod), X-ray
radiograplly, shearography, Infrared-Thermography, IR spectroscopy, Raman spectros¢opy;

¢ompare the methods with each other considering their capabilities and limitatigns and the

DUEpBose hav I-bBe-usedin ho aonte ofadhe e bondinga noloo

— describe the rheological phenomena for adhesives (Newtonian behaviour, shear-thinning behaviour,
shear-thickening behaviour, thixotropy, rheopexy, flow limit, plasticity, causes (mechanisms,
responsible structures, etc.) for deviations from Newtonian flow behaviour (effect of the following
parameters on rheological phenomena: physical-chemical state, temperature, pressure, time, rate
of shear, methods to measure the viscosity of fluids;

— describe the analytical principle, interpretation of the results and potential applications in adhesive
bonding technology of differential scanning calorimetry (DSC)[2], thermal gravimetric analysis
(TGA), thermal mechanical analysis (TMA), dynamic mechanical analysis (DMA);

— decide responsibly about the benefits of each method for possible application cases;

— decide responsibly which method to use;
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— decide responsibly based on these results necessary measures for the practice.

A.3.1.6.2 Testing of surfaces

Detailed comprehensive competences, knowledge application, practical application and experiences
according to 5.4.2.2 with respect to these subject contents, includes being able to:

— assess the surface wettability [water drop test, test inks, contact angle measurement, water break
test (WBT), aerosol wetting test (AWT)];

— assess the surface structure [(tactile methods, scattered light technology, scanning electron

microsq

— assess {
electrof]
dispers

— name the methods that are suitable to be integrated in an adhesive bondingprocess for qy

assurarn
— explain
— compar

purpose

— decide 1

A3.1.6.3 1

Detailed co
according td

— describ
test pro

testl4el);

— give exd
method

— explain
and int
bonded

— decide 1

LQINAN . 1 . LQDNAAN]
UpPy (oL ], SCAIIIITs PIrUOUT HIICLTUSCUP Y (o' IV )T,

he surface composition [IR spectroscopy, X-ray photoelectron spectroscopy (XPS); A
| spectroscopy (AES), time-of-flight secondary ion mass spectrometry (ToF-SIMS), e
ve X-Ray analysis (EDX), optically stimulated electron emission (OSEE)];

ce. (aerosol wetting test, scattered light technology, OSEE);

e the methods with each other considering their capabilities and limitations ang
s they can be used in the context of adhesive bonding technology;

esponsibly based on these results necessary measures for the practice.

Destructive testing

mprehensive competences, knowledge application, practical application and experig
5.4.2.2, with respect to these subject contents, includes being able to:

e the sample geometry, the direction of forces acting while testing, the basic principles
cedure and the evaluation of test Fesults (lap shear test, floating roller peel testl2], bead

mples and describe the'sample geometry and the direction of the applied load also for
s based on shear or peel’loads;

and interpret destructive test methods (quasi-static, static, etc.), fracture pattern evalu
brpretation, parameters that influence the test results, stress distribution in adhes
joints;

esponsibly based on these results necessary measures for the practice.

A3.17 Qu

luger
ergy

ality

the measuring principle and interpretation of results for each method (know about the
effects ¢n the surface and to describe the physical principles the methdd is based on);

| the

nces

fthe
peel

ther

ption
ively

jality management

Detailed comprehensive competences, knowledge application, practical application and experiences
according to 5.4.2.2, with respect to these subject contents, includes being able to:

— prepare and explain work instructions and to inspect their realization in the practice;

— realize the complete quality management including all QA-measures mentioned above in the
practice;

— describe and to explain the following objectives of quality assurance in adhesive bonding technology,
special processes (definition and consequences). QA measures for:

— the

— the
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planning and development phase;

production phase;
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— purchasing of adherends, chemicals, consumables and tools;

— incoming goods inspection;

— storage and in-company transport of adherends, chemicals and consumables;

— ensuring an adequate work place for adhesive bonding processes;

— surface treatment of adherends;

— preparation of adhesives;

A.3.1

Detal
accol

+ disposal of chemicals;

| - o | 1. dnn L 11 -
UUSIITs a0 dpPplitdtiUl UL dUlITSIVES,

— handling of non-conforming products;

— joining and fixing;

— different curing/hardening processes;

— storage, in-company transport and dispatch of adhesively bended parts;
— production, testing and evaluation of routine test sampgles;

— the period of use (inspection, maintenance, repair);

— higher level supra-processes.

.8 Manufacturing and production processes

jled comprehensive competences, knowledge application, practical application and
ding to 5.4.2.2, with respect to these subject contents, includes being able to:

escribe and explain things to cdonsider during the manual application of adhesives:
orkplace suitable for adhesive bonding, preparing chemicals (adhesives, adhesion
tc.) and adherends, processing of the adhesive; selection of suitable tools; selection
f balances for dosing of-adhesive components, adhesive application, joining and fixing
ardening; hardening-atelevated temperatures, beads, spot application, spray applidg
pplication, pouring-imethods, printing methods, dosing, using balances, 2-C propor]
artridges with application guns, pressure-time dosing, methods and limitations for
he volume flow)for automatic dosing, components of application systems (operatin
eatures, advantages and disadvantages), material feed/supply systems, pumps: g
embranepumps, piston pumps (single- and double-action), eccentric screw pumps,

experiences

preparing a
promotors,
hnd location
, curing and
ation, roller
tioner, twin
monitoring
b principles,
ear pumps,
hose pumps,

alves:<Needle valves, snuff-back valves, pinch valves, mixers: static mixers, dynamic mixers,

ourtér current injection mixers, hoses: PA or PTFE core;

1 e P ] : : 4
— UCVvCIUpP UULLIIT COIILTPLS TUI UUSIITE TUUIPITICIIL,

— develop a statistical process control: potential and limitations of machine capability studies for
adhesive dosing equipment;

— develop and implement plant protection and component safety/reliability and protective measures
for personnel;

— describe things to consider during the automatic application of adhesives: robotsin adhesive bonding
technology, automation (criteria, consequences), definition: industrial robot, selection criteria for
industrial robots, SCARA and articulated robots, components of a robot system, protective measures
and safety devices concerning robots and robot areas, comparison of operation modes: moving
workpiece/moving application unit, influences on the application pattern/application quality,
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recognition of application errors; solution of the problem, available programming techniques
(online/offline), interpolation methods (PTP/LIN/CIRC);

— develop

outline concepts for automatic production;

— develop a statistical process control: potential and limitations of machine capability studies for
automatic production;

— develop and implement plant protection and component safety/reliability and protective measures

for pers

onnel in automatic production;

— describe in connection with adhesive bonding on painted surfaces typical layer-build-up of painted

surface
adhesio|

— describ
and pac
Classifi
an pred
(OEL,D

— describ
protect

— develop|

— putresy

A3.1.9 M;

Detailed co
according td

— transfe]
certain

A.3.2 Spe

A3.2.1 Ad

Detailed sp4
to 5.4.2.3, W

— describ

— briefly 4

5, things to consider when adhesive bonding on painted surfaces, additives influej
n on painted surfaces, cross-cut test;

e risk assessment, obligations of employers and employees, hazardous substances: labg
kaging on bringing materials into use; in-company labelling, Globally Harmenised Syst

autionary statements, signal words, product identifiers, exposure dimits for workp
NEL, BLV), uptake pathways of hazardous substances into the human-body;

ve measures, waste disposal;
and implement adhesive bonding processes also for painted surfaces;

onsibly adhesive bonding processes into practice.

hintenance

mprehensive competences, knowledge application, practical application and experig
5.4.2.2 with respect to these subject centents, includes being able to:

in a correct manner and with responsibility the issues mentioned in A.3.1.1 to A.3.1.8 ¢
specific maintenance/repair case-

cific — Detailed definitions

hesion and adhesives

cific competences, knowledge application, practical application and experiences acco}
ith respect to’these subject contents, includes being able to:

e what aiadhesive is and explain the principle of how an adhesive works;

bxplain what a chemical bond is;

ncing

lling
bm of

fation and Labelling of Chemicals (GHS), pictograms and their meaning, hazard statenpents

laces

b the use, purpose and content of safety data sheets, persomnal protective equipment,

nces

o the

rding

— explain

— explain

the meaning of permanent dipole and induced dipole;

the difference between non-polar, polarizable, and polar substances;

— describe how physical interactions arise and how their properties differ from those of chemical

bonds;

— describe what adhesion and cohesion are and explain what forces are involved;

— explain

what is meant by wetting;

— determine when there is good wetting and when there is poor wetting;

— explain
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test methods for measuring wetting;
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— name the conditions for effective wetting;

— explain the relationship between wetting and adhesion;

— describe what a polymeris and be familiar with the different types of polymers and their structures;
— name the different classes of plastics and describe their structures and typical properties;

— describe the classification of adhesives based on their chemical structure;

— describe the classification of adhesives based on their setting mechanism and assign adhesives into
these classes;

— (Ilescribe and explain the fundamental differences between physically hardening adhesives,
¢hemically curing adhesives, and adhesives which do not solidify;

— name the different curing reactions (polyaddition, polycondensation, polymerization) df chemically
¢uring adhesives and to be able to explain the principles of these reactions and any spedial features;

— name the different hardening mechanisms of physically hardening-adhesives and tp be able to
explain the special features of these mechanisms;

— Iame adhesives which do not harden and explain how they funétion;

e familiar with the advantages and disadvantages of adhesives that cure via a corhbination of
golidification mechanisms and to be able to give examplesof such adhesives;

— 3ssign the different adhesives discussed in the theory to a solidification mechanism;

— ¢xplain the different processing variants, processing times, and processing conditions of adhesives;

ualitatively describe the properties of thecured/hardened adhesives;

evelop, implement and inspect necessary measures in the certain area of responsibility concerning
he long term-stable adhesion and:the correct application of the adhesives and to know when this
rea of responsibility will be overstepped.

A.3.2.2 Materials as adherends

Detajled specific competences, knowledge application, practical application and experiences according
to 5.4.2.3, with respect to)these subject contents, includes being able to:

escribe the fundamental structure of metals and their adhesive bonding-related propgrties;

escribe the' adhesive bonding-related properties of low-alloy, high-alloy, and galvanized steel and
Iso aluminium;

escribe the fundamental structure of plastics and their adhesive bonding-related properties;

— explain the adhesive bonding properties of different plastics using terms such as polarity, reactivity,
chain mobility, and additives;

— describe the fundamental structure of float glass and its adhesive bonding-related properties;
— explain why a gel layer forms on float glass and the relevance of this for adhesive bonding;

— describe the fundamental structure of fibre reinforced plastics (fibres, matrix systems, laminate
structure, peel-ply) and their adhesive bonding-related properties;

— explain the requirements of adherend surfaces for effective adhesive bonding and the objectives of
surface treatment;

— explain the different layers of a cross-section of a metal and plastic;
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A3.2.3 Co

Detailed sp4
to5.4.2.3w
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explain, in relation to surface preparation, the meaning of acclimatization, visible inspection, and
checking the accuracy of fit;

explain different cleaning processes for surface pre-treatment (metal and plastic surfaces) and the
requirements on cleaning agents;

explain

why silicones shall be absolutely avoided for efficient adhesive bonding;

name possible sources of silicones;

explain different surface pretreatment methods including sanding/grinding, grit blasting, pickling,

anodiza

tion, SACO, flame pyrolysis, flame treatment, and plasma treatment;

explain
demons
inspect

know W
Coordin

explain

explain
differen

explain

explain
law;

draw an
explain

explain

name and explain fdetors which influence the mechanical properties of polymers;

explain

explain

bonding;

the function of a adhesion promotor for surface post-treatment;
trate in a practical way how to use a adhesion promotor;
the correct execution of the work instructions and to notice deviations;

hich actions in each case are necessary [own actions, message to/the Adhesive Bor
ator (ABC)] and in which way these actions have to be carried out!

nstruction and design

cific competences, knowledge application, practical application and experiences accoi
th respect to these subject contents includes being able to:

the deformation behaviour of materials on undergeing temperature changes;

and assess the possible consequences of adhesive bonding together materials that ung
t deformation on temperature change;

the deformation behaviour of materials-subjected to tensile and shear stress;

the meaning of stress, strain, modulus of elasticity, shear strain, shear modulus, and Ho

d interpret stress-strain Curves;
the deformation behaviour of polymers on being subjected to mechanical stress;

the meaning of elastic, plastic, and viscoelastic deformation;

the meaning of glass transition temperature;

theé'meaning of tensile stress, shear stress, and peel stress and their relevance for adh

1ding

rding

ergo

oke’s

psive

describe the stress distribution in an adhesively bonded joint with ideally stiff adherends;

describe the stress distribution in an adhesively bonded joint with real adherends;

name and explain factors which influence the strength of adhesively bonded joints;

describe the procedure for selecting an adhesive;

name the content of a summary of requirements and give examples;

describe what is meant by stress/load and stress/load limit;

name and explain the advantages of hybrid methods over solely mechanical joining methods and

over sol

ely adhesive bonding;
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— name and explain the joining techniques of clinching, punch riveting (solid rivets and semi-hollow
rivets), blind riveting, folding, and resistance spot welding;

— name any special features when combining adhesive bonding with one of the aforementioned

j

oining techniques;

— name and explain the various process variants for hybrid joining: the fixing method, the injection
method, and the sequential method.

A.3.2.4 Durability

Deta
to 5.4

lCd DPCLifiL LUlllpCtﬁllLCb, }\llUVV}CdsU dpp}ibdtiull, lJl stiLd‘l lelJ‘llLdtlUll dlld CAPCI iCllL
.2.3, with respect to these subject contents, includes being able to:

— mame the causes of ageing of adhesively bonded joints;

— ¢

bxplain the effects of moisture, mechanical forces, radiation, and temperatufe changes o

A.3.2

Detal
to 5.4

onded joints;

ame and briefly describe different ageing tests;

inspect protective measures and to notice deviations due to inadequate protective m

eed to be counteracted.

.5 Adhesive bonding process

iled specific competences, knowledge application, practical application and experienc
L.2.3, with respect to these subject contents, incliudes being able to:

1

— Iame and briefly describe the various joininhgtechniques;

ame and explain the advantages of*adhesive bonding technology compared to o
echniques such as welding and riveting;

es according

n adhesively

basures that

bs according

ther joining

— name and explain the disadvantages of adhesive bonding and the limitations regardirng the use of

q

ddhesively bonded components;

— inspect the application af adhesive bonding in the production;

—

dentify irregularities;

— implement reméedial measures in their area of responsibility, if necessary.

A.3.2

Detal
to 5.4

.6 Testing and analysis

jled¢specific competences, knowledge application, practical application and experienc
.23, with respect to these subject contents, includes being able to:

bs according

— explain the principle of non-destructive test methods;

— describe what defects can be detected in adhesively bonded joints using non-destructive methods;

— explain what information can be obtained from visual joint inspection, ultrasound testing, and
thermography;

— explain the principle of destructive test methods;

— explain why adhesively bonded joints shall be tested using destructive tests;

— name and describe the different fracture patterns;

— assess what fracture pattern is desirable, and give possible reasons for other fracture patterns;
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A.3.2.7 Quality management

describe the lap shear test procedure and required specimen form and to be able to explain how the
joint strength is calculated;

explain the procedure for the bead peel test[46];

describe the floating roller peel testl2] procedure and required specimen form and to be able to
explain how the peel resistance is calculated;

name and describe the content of a test record;

interpret test results for necessary measures.

Detailed sp¢cific competences, knowledge application, practical application and experiencés according

to 5.4.2.3, wiith respect to these subject contents includes, being able to:

A.3.2.8 Manufacturing and production processes

describg how to design a workplace approved for adhesive bonding work;
explain{what preparatory work is required before adhesive bonding processes are carried out}
describe¢ and assess the content of work instructions;

explainfwhat is meant by the phrase “adhesive bonding is a special process”;
name qyality assurance measures for production and give examples;

inspectjquality assurance measures for production and toGdentify irregularities.

Detailed sp¢gcific competences, knowledge application, practical application and experiences according

to 5.4.2.3 with respect to these subject contents-includes being able to:

58

explainfthe processing of adhesives manually, using machines, and using automated technology and
what shall be taken into account for each combination;

explainfthe configuration of a desing unit for 2-C adhesives;

name the different componehts of a dosing unit and briefly explain their functions;
explain|the difference between moving-component systems and moving applicator robot syst¢ms;
name possible application errors when processing adhesives using robots;

assess what meastres to take if there are abnormalities in the adhesive bonding process;

explainhew'one recognizes a hazardous substance and how hazardous substances is to be lab¢lled;

understand the different hazard pictograms and their meanings;

name sources of information about hazardous substances;

name the uptake routes for hazardous substances into the human body;

be familiar with and be able to briefly explain the sequence of priority of protective measures;

determine what personal protection equipment is required when working with hazardous
substances in adhesive bonding processes and to be able to use this equipment;

briefly explain what is meant by workplace limit value (WLV) and biological limit value (BLV);

explain what is to be heeded when disposing of waste materials arising from adhesive bonding
processes;
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be able to assess how the waste is to be disposed;

— inspect adhesive bonding processes in the practice, to identify irregularities and to implement

A.3.

remedial measures in their area of responsibility, if necessary.

2.9 Maintenance

Detailed specific competences, knowledge application, practical application and experiences according
to 5.4.2.3 with respect to these subject contents includes being able to:

— transferinacorrect manner, but without overstepping the area of competences the issues mentioned

A.3.

A.3.

B3 Basic: Detailed definitions

3.1 Adhesion and adhesives

Detajled basic competences, knowledge application, practical application.and’experiences
5.4.214 with respect to these subject contents includes being able to:

Iescribe the differences between physical and chemical processes;
escribe when physical interactions occur and how they differ from chemical bonds;
¢xplain what an adhesive is and the fundamental mechanisms of adhesives;

dlescribe the terms adhesion and cohesion and .explain what types of forces are res
ddhesion and cohesion;

mame the conditions for effective wetting;
explain test methods for measuringwetting, including the water droplet method;

explain the relationship between wetting and adhesion;

escribe what a polymeriis-and be familiar with the different types of polymer structu
ame the different classes of plastics, their structures, and typical properties;

escribe the classification of adhesives based on their solidification mechanism;

ssign the adhesives into these classes;

escribe and explain the fundamental differences between physically hardening
hemically curing adhesives, and adhesives which do not solidify;

e¢xplain what wetting means and assess whether one has effective or ineffective wetting;

hccording to

ponsible for

[ES,;

I adhesives,

name the different curing reactions [ polyaddition, polycondensation, polymerization) of chemically

curing adhesives;

name the different hardening mechanisms of physically hardening adhesives and to be able to

explain the special features of these mechanisms for the practice;

name the work steps which are to be completed within the certain processing times and assess

what factors affect the pot life and skinning time;
assign the different adhesives to a solidification mechanism;
qualitatively describe the properties of the cured/hardened adhesives;

apply an adhesive in a correct manner according to the given work instructions.
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A.3.3.2 Materials as adherends

Detailed basic competences, knowledge application, practical application and experiences according to
5.4.2.4, with respect to these subject contents, includes being able to:

— name the requirements on adherend surfaces (metals, plastics, FRPs, etc.) for effective adhesive
bonding and the objectives of surface treatment (cleaning, grinding, gritblasting, etching, flame or
plasma treatment, primer, etc.) prior to adhesive bonding;

— name the objective of cleaning adherend surfaces prior to adhesive bonding and the requirements
on cleaning agents;

— name why silicones are to be totally avoided when carrying out adhesive bonding work and to hame
potential sources of silicones;

— carry oyt surface treatments (metals, plastics, FRPs, etc.) in a correct manner according to the given
work inftructions.

A.3.3.3 Cdnstruction and design

Detailed bagic competences, knowledge application, practical application and experiences accordipg to
5.4.2.4, witH respect to these subject contents, includes being able to:

— name afpd explain the different mechanical loads to which adhesively bonded joints are subjecfted;

— DE-241 pssess what loads are most favourable for adhesively-bonded joints.

A.3.3.4 Duyrability

Detailed bagic competences, knowledge application, praétical application and experiences accordipg to
5.4.2.4, witH respect to these subject contents, includes being able to:

— name the causes of ageing of adhesively bonded joints;

— explainfthe effects of moisture on adhesively bonded joints.

A.3.3.5 Adhesive bonding process

Detailed bagic competences, knowledge application, practical application and experiences accordipg to
5.4.2.4, with respect to these-subject contents, includes being able to:

— name aid briefly explain the advantages of adhesive bonding technology compared to other jojning
techniqlies such asiwelding and the use of screws/bolts;

— name afd explainh the different processing variants and processing conditions of adhesives;

— name and-briefly explain the disadvantages of adhesive bonding and limitations regarding thg use
of adhestvety bonded components;

— carry out the adhesive bonding process a correct manner according to the given work instructions;

— give a feedback if irregularities seem to occur.

A.3.3.6 Testing and analysis

Detailed basic competences, knowledge application, practical application and experiences according to
5.4.2.4, with respect to these subject contents, includes being able to:

— explain why adhesively bonded joints have to be tested using destructive tests;

— name and describe the different fracture patterns, assess what fracture pattern is desirable, and
give possible reasons for other fracture patterns;
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— name the methods for testing adhesively bonded joints;

— describe the lap shear test procedure and required specimen form and to be able to explain how the
joint strength is calculated;

— explain the procedure for the bead peel test[46];

— describe the floating roller peel testl2] and required specimen form;

— name the parameter measured in the floating roller peel testl2l;

— name and briefly describe the different ageing tests;

—

A.3.3

Detal
5.4.2

arry out adhesive bonding tests a correct manner according to the given work instrug

.7 Quality management

jled basic competences, knowledge application, practical application andrexperiences
4, with respect to these subject contents, includes being able to:

— describe how a workplace is to be designed for adhesive bonding work;

— ¢

bxplain what preparatory work is required before adhesive bonding processes are carf

— &
A.3.3

Detal
5.4.2

— ¢

— ¢

nderstand the content of work instructions;
riefly explain what is meant by the phrase “adhesive’bonding is a special process”;
ame quality assurance measures for production‘and give examples;

rive a feedback if irregularities seem to occur:

.8 Manufacturing and production processes

jled basic competences, knowledge-application, practical application and experiences
L4, with respect to these subject contents, includes being able to:

explain the special features)of curing reactions (polyaddition, polycondensation, poly

for the practical work;

bxplain the terms peblife and skinning time;

— name examples.of adhesively bonded products;

— ¢

bxplain hewtone recognizes a hazardous substance and how hazardous substances are tq

tions.

hccording to

ied out;

hccording to

merization)

belabelled;

— :[nderstand the various hazard symbols and their meanings;

ame sources of information about hazardous substances:

— name the uptake routes for hazardous substances into the human body;

— determine what personal protection equipment is required when working with hazardous
substances in adhesive bonding processes;

— explain what is to be heeded regarding the disposal of waste materials arising from adhesive
bonding processes;

— assess how the waste is to be disposed;

carry out adhesive bonding processes a correct manner according to the given work instructions
and to refer a feedback to the right place in the company if irregularities seem to occur.

©1S0 2022 - All rights reserved 61


https://standardsiso.com/api/?name=f32060e0ee31f9631e39580918b79bca

IS0 21368:2022(E)

A.3.3.9 Maintenance

Detailed basic competences, knowledge application, practical application and experiences according to
5.4.2.4 with respect to these subject contents includes being able to:

— transfer in a correct manner, but without overstepping its competences the issues mentioned in
A.3.3.1 to A.3.3.8 to the certain specific maintenance/repair case;

— be aware in which certain cases which responsible person should be informed/asked;

— carry out maintenance and repair processes in adhesive bonding in a correct manner according to
the given work instructions and to refer a feedback to the right place in the company if irregularities
seem toloccur.
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Annex B
(informative)

Requirements

Table B.1 summarises the major items to be aware of regarding the requirements to be considered and
provides support in this context, also so that possible requirement aspects are not left out of the listing.

Table B.1 — Major items dealt with in a list of requirements
Subject Examples
1 Geometry Dimensions of adhesively bonded joints and adjacent componerts;tolerances for adherends
Velocity, acceleration and frequencies, aerodynamic loads'(e-g. passage thrgugh tunnels,
on-coming trains, cross winds), static loads (e.g. imposed loads, self-weiglt, accidental
loads), collision and impact
2 Kinematics and|Loads are to be considered in terms of direction; magnitude and frequengy.
forces/loads Quasi-static (directional load cases)
Shock/Impact
Crash
Physical and chemical properties-of adherends and adhesives, auxiliafy materials,
3 Materials materials with specified characteristics, characteristic values (e.g. coeffidient of linear
thermal expansion, electrical*conductivity of adhesive, damping), surfacq condition
Operational reliability of production and vehicles (e. g. strength, fire protéction), occu-
4 Safety pational health and environmental protection (e.g. volatile organic compoujnds, reaction
by-products, toxicolegy), Classification of adhesively bonded joints as in (lause 4
5 Ergonomics Human-machine interaction: handling, mode of control, clear displays, illumifation, design
Limitations arising from production site (e.g. dust, aerosols, humidity, femperature,
storage conditions), maximum dimension to be manufactured, preferred mpnufacturing
technique, tools, achievable quality and tolerances, restrictions due to material char-
Manufacture 3. . . : : : :
6 acteristics (e.g. pot life, skin formation time, curing time, effects of temperature and
and assembly : . : : L
volume change by reaction during adhesive bonding process). Any specifications for
assembly (e.g. sequence, movement during assembly), details of assembly]installation,
on-site assembly
Calculations, component testing, finite element analysis, analyses and certificates; qual-
7 Proof.ef con-|ification testing of adherend materials, adhesive, surfaces and components; facilities
formity for measurement and testing, any special regulations, standards, codes of|practice and
instruction material
8 Shipping and|Shipping method and conditions, handling during transport, logistics fro1n supplier to
storage customer including storage conditions
Application and sales area, site of use (e.g. climate, environment), ageing (e.g. due to UV
9 Use radiation, moisture), exposure to chemicals (e.g. cleaning agents), operating temperature,
differential temperature, sound insulation
. Ease of repair, freedom from maintenance or maintenance intervals and time required
10 |Maintenance L . . . . .
for servicing, inspections, exchange of components and repair, any paint coating, cleaning
11 Recycling Reuse, recovery, dismantling, separation of materials, disposal
12 Costs Production costs, tooling costs, investment costs, amortization costs, lifecycle costs (LCC)
13 |Scheduling End of design stage, delivery times (e.g. for material, equipment, proof of conformity
documents)
14  |Fire and smoke |Requirements for fire behaviour of materials and components, see ISO 8421-2
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Annex C
(informative)

Guideline for the implementation of the design of adhesively
bonded joints and its verification

C1 Desi};n and verification of adhesively bonded joints — General

This annex|describes the procedure in the case of design, dimensioning and proof of‘verifichtion
management including damage tolerance for adhesive bonding of metallic and non-metallic matgrials
in the prodyction as well as in the maintenance. The aim is to design, to dimension ‘dnd to verify the
proper exedution of adhesively bonded joints, taking into account all geometric,(material, loadg and
environmental influences (e.g. cleaning agents, UV radiation, temperature, humidity, etc.).

Developmerts in regard of calculation methods and adhesives as well as innovative developments by
the user-companies, carriers and adhesive suppliers should not be derogated.

C.2 Design process

C.2.1 Flow chart

Figure C.1 i an example and not a strictly chronological guideline.
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ben the order giving and order taking partners.

FigureC.1 — Principle of flow chart

. Requirements
y adhesively bonded joirit shall fulfil specific requirements.

irements for the-adhesively bonded joints are to be defined in the design phase. These
the project specifications (legal, contractual and internal requirements) and are to be d
blevant depatrtments of the company should be involved in the description of these req

oads to:which the adhesively bonded joint will be subjected can be derived from the re

to be agreed

are derived
ocumented.
llirements.

quirements.

micr

NOTE

lemical and

Examples of mechanical loads can be extracted from the general standards. See Table B.1.

The requirements shall take into account the lifetime of the adhesively bonded joint and shall be based
on the reliable data about type, intensity, duration and frequency of the loads.

The requirements can be established using the main parameters as shown in Table B.1.

C.2.3 Preliminary design and general design parameters

C.2.3.1 Design principles

The design solution is influenced by the loads or effects from the requirement list.
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C.2.3.2 Adherends raw material selection

Adherends shall be chosen accordingly to the list of requirements (properties shall be known because
the adhesion can be affected). Raw material shall be taken into account for the surface treatment or
the surface properties (e.g. screen printing, roughness, etc.). The effects of corrosion or the long-term
stability of the adherends shall be identified. Chemical composition of raw material can affect the
adhesive itself or the adhesion.

C.2.3.3 Return on experience

Experience of older solutions is to be considered for the design of adhesively bonded joints.

C.2.3.4 Adhesive selection

Adhesives are chosen accordingly to the requirements (e.g. low modulus adhesive or high modulus
adhesive, solidification process, etc. (see Annex D). All available information (data sheets-from adhpsive
suppliers, internal data, return on experience, laboratory advice) are used for the selection.

esive
rt of
f the
aken

Adhesive se
system, mal
the entirety
adhesive on
into account

lection can be refined throughout the whole design process. When'selecting the adh
ke sure that the properties of the adhesive are not consideredin.iSolation, but as p4
of the adhesively bonded joint. A major aspect of adhesive bofiding is the adhesion d
the surface. In addition, manufacturing conditions as described in Clause 8 shall be {
(relevant design and manufacturing documentation).

The choice df the adhesive bonding system can be made based onAhnex D.

C.3 Design

C.3.1 General

The strengt
— physica
— geomet

extent g

All these fag

C.3.2 Risk analysis and safety classification

The classifig
on the pote
of failure. P
based on sa

h of an adhesively bonded joint is clesely related to several factors. These include the:
and mechanical properties of the’individual parts of the joint itself;

"y of the joint;

nd level of the adhesive and cohesive interactions within the adhesively bonded joint.

tors shall be determined in the design phase of the adhesively bonded structure.

ation of'each individual adhesively bonded joint produced by adhesives is exclusively b
htial damage that may arise by the failure of the joint itself, independent from the ¢
articularly, the consequences of the failure of an adhesively bonded joint are evalt

ased
ause
jated

ricle of fotrliting aaagnc) o

Hional

afz acnncte [
\'L_y CIJIJ\'\'LO \_l TOIN UL TALATILVIV O

aspects of the system. The occurrence and the resulting consequences of failures are independent from
the strength and the deformation behaviour as well as from the solidification mechanism of the used

adhesive.

The classification into a safety class specified in Clause 4 applies to each adhesively bonded joint.

C.3.3 Adhesively bonding joint list

The adhesive bonding joint list is an overview of all adhesively bonded joints of a project or sub-system.
If an adhesively bonding joint list is required, the following minimum information shall be listed in such

document:

— system

66

designation (project name);
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— adhesively bonded joint number or name;

— assembly/sub-assembly number (drawing number, bill of material);

— safety class.

C.3.4 Qualification of an adhesive

C.3.4.1 General

The qualification of an adhesive shall be oriented to the needs of the design of the adhesively bonded

joint

In bg
to ad
nonl
invol

C.34
The

th cases, the main function of the adhesive is to join the adherends. If the adhesive\is'a
commodate deformations and compensate for major deviations in componentidime
near elastic, low-modulus adhesives are normally used. Where the tramsfer of h
ved, then high-modulus adhesives are usually used.

.2 Physical properties of adhesives

bhysical properties are determined for each specific adhesive~and surface, and for

loading conditions (e.g. moisture, temperature, chemical action, mechanical loading) or con

thesd
accol
occu

If no
defin
may
equiy

Whe
least]

For

q

q

f

In ca

. The test specimens for determining the load limit of adhesively bonded joints are m
rding to the processes, adhesives and surfaces to be used in service. If cohesive failurg
's, the failure will be due to the adhesive as such.

[ specified otherwise, the cohesive failure ratio:for aged or unaged specimens is give
ed in Table C.1. In such cases, data and characteristic values from tests using othe
be used, provided that the test conditions,@wequirements and strain/deformation be
Falent, and that the failure in these tests was also cohesive.

Fe not otherwise specified, the cohesive failure ratio for aged or non-aged test specimg
as defined in Table C.1.

ohesive failure (CF);

pecial cohesive failure’(SCF);

ailure with stpess‘whitening of the adhesive (SWCF);
ubstrate fajlure (SF).

se of sibstrate failure, the weakest partner is evaluated to ensure the design of the pr

Ta

so designed
hsions, then
gh loads is

the relevant
binations of
hnufactured
e of the joint

n at least as
r adherents
haviour are

n shall be at

ositive results of adhesion tésts, the failure patterns according to ISO 10365 are accepted:

bduct.

le-C.1 — Failure criteria in adhesively bonded joints (given for adhesively bond
be calculated Class S1 or S2)

Adhesive classification |Failure pattern Comment
Low-modulus adhesive  |S1/S2: For all the tested adhesive
Z{liit(;}}l{ilaeysirﬂ,s - 595 9 CF + SCF + SF bonding areas

S3:

>75 % CF + SCF + SF
High-modulus S1/S2/S3: For all the tested adhesive
adhesives 570 % CF + SCF + SF bonding areas

d joints to

This classification in Table C.1 will be defined on a product-by-product basis by each individual technical
product committee or product group.
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If high-modulus adhesives are applied on coatings (e.g. adhesion promotors or varnishes), failure of the
adhesively bonded joint shall be cohesive in the coating or in the adhesive. In such cases, the cohesion
of the coating, the adhesive or the adherent determines the stress limit of the adhesively bonded joint.
In such cases, the analysis is to be carried out for the adhesively bonded joint together with the coating.

Adhesively bonded joints with fibre-reinforced composite adherends are designed to ensure that failure
is cohesive, i.e. occurs in the adhesive or the adherend. In case the determination and/or assessment of
the failure pattern is difficult or unclear, additional competence shall be involved under responsibility
of the ABC. Adhesively bonded joints that have been repaired can have other adhesive bonding
characteristics than the original adhesively bonded joints. This shall be considered in the design or
analysis of the adhesively bonded joints.

Which meth
in each casq
adhesively H

C.3.4.3 Ad

The results
and high md

ods for accelerated ageing (see Annex F) are to be selected and used as suitabledep
on the requirements defined and specified in the planning phase (see Annex(B)“fo
onded joint or the adhesively bonded product.

hesion

of the following are only for the characterisation of the adhesives (low modulus adhe
dulus adhesives). These results are not valid for production samples.

ends

Ir the

sives

The interpre¢tation of the results of the work samples produced in the production is the responsibility

of the ABC.

Low madulus adhesive:

ed to
psion
D0 %
ffect
Psion
long-

ing on the respective requirements, low-modulus.€ldstomeric adhesives can be subject]
| peel test according to ISO 21194. 1SO 21194 specifies a method for evaluating the adh
¢ adhesive bonding and sealing materials with a minimum elongation at break of 1
odulus of elasticity of maximum 10 MPal48}on different substrates. In this way, the ¢
ent coatings, surface treatments of subStrate materials, ageing behaviour, etc. on adh
ompared and thus the influence of stirface treatment, substrate and adhesive on the
hbility of adhesive and sealant bonds“can also be evaluated.

Depend
the bea
of elast
and a m
of diffeq
can be (
term st{

e, for
tests

Results
the des
(see Anl

of the bead peel test itself dounot provide strength values that can be used, for exampl
gn of the adhesively bondedjoint. Such adhesive bond values are obtained by other
hex E).

High m¢dulus adhesive

h-modulus adhesives, proof of adequate adhesion is to be taken into account dfiring
f the

For hig
mechanlical test (e.g/ap shear, tensile test, pull-off test, etc.). The analysis and definition g
failure[lattern isbased on ISO 10365.

C.3.4.4 Pdrmissible stress and strain

Permissible'stress-orstrainvaltesareobtained b_y tcatiug adhcoivc}_y bonded juiuta. rthe aua}_y "iS, it
is necessary to determine characteristic values as determined as in C.5 for class S1 adhesively bonded
joints, with a confidence interval of 1 — a = 95 %. The same applies to the probability of at least 95 %.
For class S2 adhesively bonded joints it is also necessary to determine characteristic values with a

confidence interval of 1 - a =95 % and to base the prediction rate (probability) on at least 90 %.

The permissible stress or strain is expressed as the characteristic value for the possible stress limit
under the relevant operating conditions.

Permissible stress or strain can be described using suitable equivalent stress/strain considerations.
For the sake of consistency, when analysing local stress and stress resistance, the same considerations
are to be made.

The permissible stress or strain can also be derived from available equivalent results or experience
gained in practice.
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C.3.4.5 Quasi-static adhesive bond strength

The adhesives are tested in accordance with this annex. Special assemblies such as adhesively bonded
sandwich panels, adhesively bonded honeycomb sandwich panels and foamed materials is performed
in accordance with the relevant technical rules. In all cases, the characteristic value (see C.5.2) shall
be given and the failure pattern shall be described (see ISO 10365). If the operating conditions and
the safety class so require, the adhesive bond strength needs to be determined as a function of the
temperature or following exposure to chemical agents.

C.3.4.6 Creep behaviour, creep limits, relaxation and elongation at break under long-term static

loading

Whe
cond

a)

h determining the creep behaviour of the adhesively bonded joint, two differef]
fitions are assumed.

[reep: The adhesively bonded joint is to be subjected to a permanent static load (e.g. s
he component), i.e. the elongation increases continuously where the creep-limit of th

b)

J
]

Case
brea

The ¢

agen

C.3.4

The
any
influ
strer

C.3.4

The permissible elongation is below the maximum strain at which failure of the adhesi
foint in the relaxation test is unlikely. The pérmissible elongation is to be determined by testing.

onded joint is low. The permissible creep strain at a given point in_time (to be speg

t operating

bl f-weight of
e adhesively
ified by the

esigner) is to be used in the design of the adhesively bonded joint to ensure that the stress

esulting from the static load is smaller than the stress that leads\te the permissible ¢
he permissible creep strain shall be smaller than the elongatianat break after relaxat
see item b) below]. Information on creep behaviour measurétents is given in C.5.3.6.

reep strain.
ion or creep

elaxation: The adhesively bonded joint shall be designed to accommodate the relative diisplacement

f the components for a prolonged period (e.g. any fittings after the adhesively bond
anufactured, deformation due to dimensionalsdeviations, deformation due to
uring assembly, any deformation resulting freim varying temperatures for large c

nformation on how to test elongation atbreak after relaxation is given in C.5.3.5.

b) is normally relevant only where lew-modulus, elastomeric adhesives are used. The ¢
k after is markedly lower than thatimeasured in a quasi-static test.

tlongation at break after relakation or creep is a function of the temperature, the effect
Es and the surface of adherends.

.7 Vibrational stress and fatigue

nllowable vibrational stress of the adhesively bonded joint is a function of the adheren
surface coatings, the adhesive and the operating conditions, giving due consider
ence of the’mean stress (susceptibility to creep). Information on the measuremer
gth is given in C.5.3.7 and C.5.4.4.

.8, Crash/impact behaviour

bd joint was
bre-stresses
bmponents).
vely bonded

longation at

of chemical

d materials,
hition to the
t of fatigue

The mechanical properties of adhesives and adherends are a function of temperature and strain rate. To
characterize the adhesively bonded joint behaviour at high rates of loading, the adherend and adhesive
bonding characteristics are to be determined at the relevant strain rates.

The properties of the adhesively bonded joints are to be tested in cases where the adhesively bonded
zone markedly affects the behaviour of the structure on exposure to impact or collision.

C.3.4.9 3D/2D/Bill of material (BOM)

For every assembly the 3D-models or 2D-drawings in combination with the bill of materials are the
leading documents for any following process. These documents shall contain all information needed
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for creating the manufacturing documents and executing the manufacturing process. Therefore, the
minimum content of these documents for adhesive joints are:

adherend material;
adherend surfaces;
adhesive;

surface treatment;

delay between surface treatment and adhesive bonding;

dimensjons and positions including tolerances;
safety class;

referenge to this document.

Figure C.2 dives an example how this information could be implemented into drawings. It is ess¢ntial
that a precise link between surface pre-treatment and adherend surface be-implemented intp the

design documents.

Key

U s W N

Adhesive b1nding symbols can be used to simplify the drawings (see C.7).

C.4 Validation of the design

C4.

////

adherend 1 including surface definition
surface treatment 1

adhesive
surface treatment 2

adherend 2 including surface ‘definition

Figuré G:2 — Example 2D drawing for adhesively bonded joints

1 General

The scope of the validation depends on the class assigned to the adhesive bond (see Table C.1). The
validation of the design (see Figure C.3) can be made using one of the following methods:

1y
2)
3)
4)

70

calculation of each adhesively bonded joint and then compared with the admissible value;

components (e.g. sections of these) are tested under realistic conditions to determine the strength
of parts of the assembly;

proven design by documented return on experience;

methods 1, 2 and 3 can be combined.
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Calculation

Proven design

Real test

Final design documentation

C4.2

C.4.2.1 General

Identifying of the influences/loads

Figure C.3 — Proof of validation — Flow chart

Load cases are the influences from the requirements and the stresses are the influences bearing by the

adhesively bonded joint.

C.4.2.2 Examples of mechanical loads

Som¢ examples of mechanical loads are listed in*Table C.2.

Table C.2 —Examples of mechanical loads

Shock/Impact
Crash

Example

displacement)

Static Dynamic/Cycling
Short texm Long term
Quasj-static Creeping Fatigue
E(;isreesc)tional load Relaxation (permanent | Vibration

Aerodynamic loads

C.4.2.3 Examples of non-mechanical loads

Somg examiples of non-mechanical influences are listed in the Table C.3.

Table C.3 — Non-mechanical influences on adhesively bonded joints

logical influences

Chemical and microbio-

Thermal and other physical influences

i) Cleaning agents

o

E De-icing salt

= Bacteria
Moulds

Moisture (Corrosion)

Thermal effects
Photochemical (UV)
Electromagnetic

Electric

Fire and smoke see also ISO 8421-2

For all these influences mentioned in Table C.3, the following parameters shall be taken into account:
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— type (direction);
— intensity;

— duration;

— frequency.

A load case is a combination of previous influences and parameters that influence the adhesively
bonded joint at the same time. In general, for one design it is typical to have different load cases.

The relevant load cases need to be integrated in the test plan for validation of the adhesively bonded
joint.

C.4.3 Calg¢ulation

C.4.3.1 Gdneral

Result of the calculation is a comparison (see Figure C.4) between calculated stress,and strain occufring
on the adhegively bonding joint and the admissible stress and strain of the adhesive.
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Preliminary design

Admissible limit
of the adhesively

honded joint

| !
!

Comparison including
safety factor?

Stress/Strain
calculation

NOT OK
lox

Final design documentation

a  $afety factors also depend on the knowledge or experience of the company. The knowlgdge and ex-
perience of the company can be incorporated into the determination of safety factors.

Figure C.4 — Calculation process

C.4.3.2 Determining stresses/strains

C.4.3.2.1 General

Stru¢tural design is to be performed using an analytical approach or finite element anglysis (FEA),
depejnding on the case in quéstion. The design methods used and the results obtained are to be
validated in a transparent way using comparative calculations for suitable tests on simplg test pieces,
mock-ups or available results of component testing. Test pieces or mock-ups showing a digtribution of
forcds and having a geometry similar to that of the adhesively bonded joint considered fare deemed
suitable. Available knowledge and experience gained may also be drawn on. Rough estimation of
adhesive bondingarea can be also suitable in case the safety relevance of the adhesively bonded joint is
low gdnd/or adhésive bonding area is extremely oversized.

Stregses are.to be derived from the requirements profile. Depending on the elasticity of the adhesive
and the/particular load case, adhesively bonded joints need to be analysed considering stregs (strength)
or stfain (deformation).

The adherend surface, stress concentrations in the adhesively bonded joint and the properties of
adherends and their surfaces are decisive for the loadbearing capacity of the adhesively bonded joint.
Normally, only a few load cases from among a number of theoretical cases, or a combination of these,
are significant for dimensioning purposes.

C.4.3.2.2 Finite element analysis (FEA)

The finite element analysis (FEA) permits the determination of local stresses or strains in adhesively
bonded joints. In the calculation, either spring elements or other equivalent elements can be used, or
the stresses in the joint can be calculated with a high level of accuracy by assuming volume elements
and the corresponding material models.
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When using spring elements - which are often used in the analysis of nonlinear elastic thick-film
adhesively bonded joints - the spring constant resulting from the lateral strain confinement depends
on the adhesive bond line thickness and adhesive bond width and the direction of loading, where the
adhesively bonded joint is subjected to tension or compression. Where other equivalent elements are
used, the effects of any simplification are to be considered.

For a more rigorous analysis of local stresses, an adequately refined grid is necessary, which is only
feasible when sub modelling is used.

The accuracy of the material models and the FE grids used need to be validated in a transparent way
by means of suitable checkmg or comparatlve calculatlons (e. g. smgle element analyses, calculating
the behavio ence
analyses.
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C.4.3.2.3 Analytic calculation methods

In general,

steps: mode|
adhesively K
be performsd

the analytic calculation methods are similar to the finite element analysis. The pr
[ling /simplified sketch, description of material behaviour of the different adherends (
onded joint and the comparison between calculated load and permissible load stress
d in both cases.

cess
f the
shall

The adhesiy
body, linear

ely bonded joint shall be described with several mathematic base bodies (e.g. inflgxible

elastic body, plate all round fixed, beam in bending).

The nominall approach is a simple analytical concept. The adherend shall be modelled as an inflexible

body and t
distributed.
be compare

To calculate

he adhesive as a linear elastic body. In this particular case, the forces are unifg
The quotient of force and adhesive area shows thesnormal tension. The normal tension

the design in a more precise way, there are the following possibilities:

] to the permissible tension. The nominal appreach is often used for pre-dimensioning.

rmly
shall

description of the adherend material behaviour: the deformations seen by the complete produlct;

onset of

forces and torques in an unbalahged manner and multiaxial stress level;

respect|of influences (temperatureshiimidity, tension force) of the material behaviour.

An unbalanged strain and stress behaviour is the result. Limits of analytic methods are usually:
adhesively bonded joints with complex geometry;
irreguldr stress distribution along the thickness of the adhesive (realisation of hot spots);
realisatjon of 3D/stress distribution;

non-elastic material behaviour.

C4.3.24
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Characteristic values from the qualification of the adhesive shall be used. In case the qualification of the
adhesive was not done on the same conditions (e.g. adherends, temperature, humidity, etc.) as required,
combination of characteristic values (from the qualification of the adhesive) need to be considered.

C.4.3.2.5 Comparison including safety factor

A comparison of the calculated stresses and strains with the permissible values is required. When
determining safety factors, the company's knowledge and experience need to be taken into account in
the calculation. These are to be documented.

Case 1: calculated stress and strain exceed the admissible values; the design shall be improved or
reconsidered

74 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=f32060e0ee31f9631e39580918b79bca

ISO 21368:2022(E)

— Case 2: calculated stress and strain are below the admissible values; the design of the adhesively
bonded joint is verified.

C.4.4 Proven design by documented experience

Proof based on experience requires evidence that the design is adequate. For this reason, an existing
design which was used already for another application can be used for a new application and the proven
experiences with the already used design can be applied for the new application. To this effect, the
demonstration is necessary that both applications are comparable in terms of service conditions (e.g.
loads, service time), adherend properties (including surface), adhesive properties and manufacturing
processes including surface treatment. The procedure shall be documented in a transparent way.

C.4.5 Component test

Component test is understood to be testing the system as a whole or part of it under‘actudl conditions
or cqnditions reproducing the service conditions. Test conditions shall be siidilar in tefms of their
effect on the adhesively bonded joint, proof of which is to be provided. \When testing subsystems,
consjderation of the interaction between them and the overall system is necessary. The same applies to
ensufing that the interaction does not inappropriately influence the results. For evaluation purposes, a
failure criterion shall be specified. Test results are evaluated statistically. Depending on th¢ knowledge
regarding the adhesively bonded joint, how far the test conditions are realistic, and thle statistical
evalyation applied, a safety factor is integrated into the failureeriterion or test conditions| The overall
process requires a documentation. This also applies to the de€isions taken and their justifi¢ations.

C.4.6 Combination of calculation/component test/proven design

If the verification is affected by combining the above'methods, it is to be ensured that all r¢quirements
are gdequately considered. Care is also be taken terensure that all parts of the verification|process are
mutyally compatible (e.g. when comparing testtesults with pass/fail criteria). The procedyre needs be
docujmented in a transparent way.

C.5 | Determining the stress limit

C.5.1 General

The ptress limit for the adhesively bonded joint is determined within the scope of the(verification
procedure assuming alCrelevant loading and actions. In the evaluation of results, it is jecessary to
apply standard statistical procedures, which shall be described transparently in the documentation.
Failure scenarios shall be developed when designing tests, which are to be consistent with the tests to
be cqrried out, takinig care to ensure that the test conditions are representative of the type gnd duration
of styesses.

Chenpical and mechanical stresses should be considered in their combinations as they occuf in practice.
The §tress limit should be determined assuming these combinations.

In the absence of adequate practical knowledge, it may first be established by random testing which
stresses or stress combinations are representative of the most unfavourable operating conditions.

Mechanical tests are required to ensure the rates of testing reflect the loading rates encountered in
practice. When using parameters originating from different tests, it is to be ensured that the rates of
strain are consistent.

C.5.2 Characteristic values and the permissible stress limit

Values for the stress limit are expressed as characteristic values. Characteristic values take the
uncertainty of measured values into account and are a prerequisite for permitting a statement
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regarding the probability of failure or life of an adhesively bonded joint. Characteristic values (R, ) can
be calculated in accordance with ISO 16269-6 using Formula (C.1):

R.=R-ky (P,1-0,n)xAR (C.1)
where
R, is the design value (e.g. strength, yield strength, elongation at break) denoting the
stress limit;
R 1S the mean of all measured Stresses;
AR is the standard deviation;

k., (P,1—c,n) isafunction of the statistical distribution, the type of tolerance intéryal (one-gided
or two-sided);

P is the probability (prediction rate), the confidence level 1< ¢, and the number of
measured values under consideration n (degrees of freedeid) (see ISO 16269-6:£014,
Table C.2).

Table C.4 lists some values for coefficient k,, for class S1 and S2 adhesiyely bonded joints, considgring

the normally relevant one-sided statistical tolerance interval and assiming a normal distribution ¢f the
population:

Table C.4 — One-sided statistical tolerance interval (unknown variance), normal distribution
(asinISO 16269-6)

1—-a (for Class S1 and Class S2
n P (for S2) =0,90 P (for S1) = 0,95
2 20.5815 262597
3 61553 76560
4 41620 51439
5 34067 42027
6 30063 37077
7 27555 33995
8 25820 31873
9 24538 30313
10 23547 29110
11 22754 28150
12 22102 27364
13 21555 26706
14 21088 26145
15 20684 25661
16 20330 25237
17 20018 24863
18 19738 24530
19 19487 24231
20 19260 23961
22 18865 23490
o 12816 16449

76 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=f32060e0ee31f9631e39580918b79bca

ISO 21368:2022(E)

C.5.3 Testing low-modulus (flexible) adhesives

C.5.3.1 General

Low-modulus, flexible adhesives are used at operating temperatures above the glass transition
temperature. They are nonlinear elastic under quasi-static loading and capable of accommodating
high elongation at break values under these conditions. Such adhesives tend to relax under permanent
stress. This can give rise to failure (depending on the type of load and stress level) at a markedly lower
strain level than under quasi-static loading. For this reason, the elongation at break after relaxation is
to be measured (e.g. [SO 17194).

Prol
strai
be d{
oper
any f

nged constant level static loading results in creep deformation frequently involying a higher
n than with a quickly applied stress and consequential deformation. The creep‘hehiaviour shall
rtermined for creep rupture at constant load, and the maximum permissible strain dyring a given
hting time is specified. Structural provisions may need to be made (e.g. fitting-of stopq) to rule out
urther creep.

C.5.3
char]

.2 Determining the modulus of elasticity, the Poisson’s ratio and\the stress/strajin
acteristic using adhesive test pieces

Adhd
ratio|

sive test pieces can be used to determine basic parameters (modulus of elasticity, t
stress-strain characteristic). An example of a test piece form is shown in Figure C.5.

he Poisson’s
Testing can

be cqrried out so that the rate of strain is 0,05 1/s. The rate of testing v may be calculated as follows:
For 3 test piece having the form shown in Figure C.5 and a parallel length IC = 25 mm| the rate of

hlated using
f testing can
being quasi-

testing will be 75 mm/min. For other forms of test piéce, the rate of testing shall be calc
Formula (C.2). The rate of testing shall be kept constant throughout the test. Higher rates o
have|such a great influence on the parameters thatlloading no longer can be considered as
statig.

Dimensions in millimetres

12,5

thickpess d,. 2 mm * 0,5 mm

NOTH Asin ISO 37.

Figure C.5 — Type 2 test piece

C.5.3.3 Testing the quasi-static adhesively bonded joint strength for adhesively bonded joints
formed with low-modulus adhesives

Testing shall be carried out using single tensile lap-shear strength test pieces (compare ISO 11003-2).
The overlap length is between 12 mm and 20 mm. The ratio of the overlap length to the thickness of the
adhesively bonded joint line is 4:1, i.e. for an overlap length of 12 mm the thickness is 3 mm and for an
overlap length of 20 mm the thickness is 5 mm. The thickness of the joining parts needs to be
dimensioned in such a way that a significant bending or failure of the parts to be joined is not to be
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expected. The test piece width should be between 20 mm and 35 mm. An example of a test piece form is
shown in Figure C.6. The test shear rate y is 0,1 s

The rate of testing, v, can be calculated using Formula (C.2):

where

v is

the test speed/rate of testing;

For an initid
for an initia
rate needs t

Figure

C.5.3.4 Te

If the desig

the shear rate;
the initial adhesive thickness.

| adhesively bonded joint line thickness of d;, = 3 mm, the rate of testing is.18ymm/min
adhesively bonded joint line thickness of d, = 5 mm, the rate of testing is, 30 mm/min|
b be kept constant throughout the test.

Dimensions in millin
13 100
(Vg
I e e [ 0PR00000 1—————— —iwn
(Vg
20
1 1
[ |
-1-- " tt— = 9
|
180

C.6 — Test piece for-testing the strength of adhesively bonded joints using a low
modulus adhesive — Example

sting the-compression of adhesively bonded joints using low-modulus adhesives

h of an-adhesively bonded product shows that the adhesively bonded joint is subijég

»

(C.2)

and
. The

etres

ct to

compressive leads, a compression test shall be carried out with cylindrical test specimens as shoyn in
Figure C.7. Thestrainrate £ is0.051/s. Therate oftesting v can be calculated as shownin Formula {C.3):
v=£xhy (C.3)

v:0,051><10mm:0,5
s

where
%

é

78

N min

is test speed/rate of testing;

is the strain rate;
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£=0,05 st , to be calculated from & :A;
0

A is the change of adhesive thickness in mm;

hy is the initial thickness of adhesive cylinder = 10 mm (see Figure C.7);

dy isthe diameter of adhesive cylinder = 20 mm (see Figure C.7).

Key

Dimensions in millimetres

10

F  ipitial force in N

C.5.3
flexi

The

subjd
adhe
elong
the g
temp

Figure C.7 — Test piece for compression test

ble adhesive

.5 Testing the elongation at break after relaxation of adhesively bonded joints ysing

permissible elongation duéito a constant deformation of the adhesive shall be determined by

cting tensile lap-sheartest pieces to static loading with constant relative deform

ration at break after-rélaxation lies below the lowest shear at which there is a cohesi
dhesively bonded joint. It is necessary to ensure that there is no adhesive failure under

geonpetry shall bedn accordance with Figure C.7.

C.5.3

Tens

lelap-shear tests can be carried out to characterize the creep under permanent st

htion of the

rends, and then applyingthe load over a long period of time (1 000 h) at a specified she¢ar rate. The

ve failure of
the relevant

erature and moisture conditions, and surfaces and materials as used in practice. The test piece

.6 Testing the creep behaviour of adhesively bonded joints using low-modulus gdhesives

htic loading.

The

Lest plece geometry needs to be In accordance with C.5.5.3. The shear strain shall be

determined

under varying loads as a function of time and with test conditions that reflect the most unfavourable
operating conditions specified in the requirements profile (normally, high temperatures and moisture
levels).

The test pieces are loaded uniformly load over a period of three months and the relative displacement
of adherends is measured. In References [30] and [54] and parameters J,, Ay, m and n are used,

which are also used in Formulae (C.4) to (C.7).
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Creep compliance:

J(z,t)=Jo+j(T)xt™ (C4)
where

j(t)=Agxt" (€5)
which gives:

J=Jo+Hxt" xt™ C. 6)
Relative displacement of adherends:

y=JX7T (C.7)
Using Formpilae (C.4) to (C.7), the shear strain under varying loads can be caleulated from the test
results as a function of time. Preliminary tests can be carried out to determinée-the creep loads.
C.5.3.7 Testing the fatigue strength of adhesively bonded joints using low-modulus adhesives
Nonlinear elastic or rubber-elastic adhesives require the generation of strain-controlled S-N curves
(Woehler cyrves), as the strain correlates best with the practical*conditions. When evaluating the S-N
diagrams, tll:le 95 % confidence level and the confidence interval shall be stated. Where the statigtical
evaluation involves an error that is too large because the time of failure cannot be established |with

sufficient ad
of the initial
the mean (1
heat the ad}
ISO 12107 u
can be inveg

C.5.3.8 M;q

When expos
adherend sy
and thus dg

curacy, a stress-controlled Woehler curve (see*EN 1465[51] and ISO 9664) involving plotting

amplitude following the transient phase ean be established. Care is required to ensure
ean stress or strain) is maintained threughout the test. The test frequency is not allow]
esive in the joint by more than 10 K:lFatigue tests are planned and evaluated accordi
sing test specimens as shown inFigure C.7. Any superimposition due to creep deform
tigated using a mean stress otherthan zero.

pasurement of pH value of)cured adhesives exposure to moisture

ed to water, adhesives)can release certain constituents, which give rise to corrosion ¢
irfaces. Consequential crevice corrosion frequently causes a progressive loss of adh
gradation of th€-adhesively bonded joint. Typical examples of this effect are alumi

surfaces, wlich are only susceptible to corrosion at a certain pH value (depending on the alumi

alloy). Adhe
conducive t(

To establish|

sives that, 'on exposure to moisture, tend to produce an aqueous agent having a pH Y
corrosion of the surfaces should not be used.

thé'pH value, small pieces of cured adhesive are placed in deionized water at a temper:

that
ed to
ng to
htion

f the
psion
hium
nium
ralue

ture
Two

of 40 °C for

B0_days. Following that, the pH value is measured; it shall be between pH 6 and pH 8

test pieces need to be measured in parallel.

C.5.4 Testing high-modulus (very stiff) adhesives

C.5.4.1 Determining the modulus of elasticity, the Poisson’s ratio and the stress/strain
characteristic using adhesive test pieces

Adhesive test pieces can be used to determine basic parameters (modulus of elasticity, the Poisson’s
ratio, stress-strain characteristic) of the adhesive. An example of a test piece form is shown in Figure 1.
Testing shall be carried out so that the rate of strain is 0,005 1/s. The rate of testing can be calculated
using the equations in C.5.3. Test pieces can have the form according to ISO 37 and to ISO 527-2 or other
forms.
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