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Testing adhesives and adhesively bonded joints

Adhesive — a polymeric material which, when applied to the surfaces of materials,
can join them together and resist separation.

Structural adhesive — an adhesive that, once it is hardened, has a modulus and
strength sufficiently high so that load-bearing joints may be constructed (epoxy).

1) single-part adhesives, which require heat-curing at elevated temperatures, and
I1) two-part adhesives, that can cure at room temperature.

* Georgiu I., The Fracture of Adhesively-Bonded Aluminium Joints for Automotive Structures PhD, 2003
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Rubber- toughened epoxies

Cavitated
particle

Hubber
bridging
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Testing adhesives and adhesively bonded joints

Adhesives in automotive industry

Production (9%)

Drniving (71%) Raw material

(fuel consumption) I | transportation (3%)

Raw material
production (16%)

Disposal and
recycling (1%)

Energy consumed during the life cycle of a vehicle

A. Karac 4/39



keteoe z&

TESTING PRODUCT CHARACTERISTICS

’ clrolegiju
(8 il

e’
Y

Adhesives in automotive industry

Testing adhesives and adhesively bonded joints

BMW ‘X5’ with a steel monocoque body structure Audi ‘A2’ with an all aluminium-alloy space-frame body structure
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Main advantages

Testing adhesives and adhesively bonded joints

» Adhesive bonding offers the possibility to join dissimilar materials; e.g. metals, plastics, fibre-
composites, wood, etc. Dissimilar metals can be joined in this way, since the adhesive prevents
intimate contact, which could otherwise lead to galvanic corrosion.

» Adhesives have the ability to join thin sheet-material efficiently.

A good joint design will be energy-absorbing, and tend to have good noise and vibration
damping properties.

» The adhesive may essentially have a dual purpose since, as well as providing mechanical
strength, the adhesive may seal the joint against moisture and debris ingress.

» The smooth appearance of the joints produced using adhesives results in lower stress
concentrations at the joint edges. Thus, the load is more evenly distributed and stress
concentrations are minimised. As a result, a more effective dynamic-fatigue resistance of the
component or structure can be obtained.

» Adhesive bonding is often a convenient and cost-effective technique. Process automation by
robot minimises the necessity of any human interaction and, with the increased development of
flexible manufacturing systems, adhesive bonding may be an integrated part of the assembly line.
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Testing adhesives and adhesively bonded joints

Main limitations

 The surface pre-treatment of the substrates to be joined have a major effect on the strength
of the joint, in particular under severe environmental conditions.

» Adhesive bonding has a limited service temperature range compared with the other
fastening techniques.

* The strength and toughness of adhesives are typically relatively low compared to metals,
and therefore their use is limited to only joining thin sheet metals.

« Commercial techniques for non-destructive testing of adhesively-bonded joints are
relatively limited compared to those used with other fastening methods.

» Adhesive joints are inherently weak in peel; and vehicle designs need to take account of
this, particularly with regard to crashworthiness.

 There is a lack of information and knowledge concerning the potential failure of bonded
joints under impact conditions.

A. Karac 7139
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Adhesives in use

Testing adhesives and adhesively bonded joints

Volvo vehicle joined using adhesives. A Volvo Vehicle manufacture using an epoxy adhesive. Here,
vehicle is joined by adhesives using a proportional vehicle - robotically delivered single-part heat-curable
adhesive dispenser epoxy adhesive
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Adhesively bonded joints
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Testing of adhesives and adhesively bonded joints
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Double Hat Beam (DHB)

Mechanical properties

Fracture behaviour of joints
e.g. IWP and T-Peel tests

Failure properties
of adhesive/substrate

Thin-walled structures
e.g. double-hat beams

Model the impact behaviour
of bonded structures

Uniaxial tension

Uniaxial compression

High-rate tension

Small-scale peel tests

IWP-Impact behaviour

T-Peel-Large strains

Deep notched tensile

TDCB — FV simulation

Charpy test

Axial compression

Quasi-Static

High loading rates

Modelling of T-Peel
Modelling of IWP
Modelling of DHB
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Uniaxial tensile tests

PC
Instron Series X
Software

Load-Cell
| N

| " -
INSTRON 4466

X v
%
Output from Load-Cell

Cross-Head

Output from Extensometer
Extensometer

Self-Adjusting Grips

Low-rate tests

Force transducer
amplifier

Micolet 500

Force transducer

Specimen grip
Test Specimen

Lost motion
device (LMD)

Machine ram

N
PC: HP-VYee software

Oil output

Hydraulics
il input
Oil filter

high-rate tests

. Karac

11/39



TESTING PRODUCT CHARACTERISTICS

e’
Y

Uniaxial tensile tests

Testing adhesives and adhesively bonded joints
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Testing adhesives and adhesively bonded joints i

Uniaxial compression
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Fracture properties
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Testing adhesives and adhesively bonded joints
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Testing adhesives and adhesively bonded joints
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Charpy tests
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Testing adhesives and adhesively bonded joints

Charpy tests
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Tapered Double-Cantilever Beam (TDCB) Tests
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Testing adhesives and adhesively bonded joints

Tapered Double-Cantilever Beam (TDCB) Tests
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Testing adhesives and adhesively bonded joints

Tapered Double-Cantilever Beam (TDCB) Tests

(a)

3500 L L B B B B B B T T T T T T T T

- A

v 'XD4600'

3000 [

2500 [~

2000 [~

1500 [~

Cross-head load [N]

'XD1493' a

|
0 1 2 3 4 5 6 7 8 9

Time [ms]

10 11 12 13 14 15 16 17 18

W)
300

270

240

210

180

150

120

Crack length [mm]

90

60

30

T | T | T | T | T ‘ T T T T T T T
'XD1493'
'XD4600'

e - - 20.5 m/s \Crack speed ~ 16.5 m/s

T | \/L/\ | T T

1 2 3 4 5 6 7 8 9

Time [ms]

10 11 12 13 14 15 16 17 18

A. Karac

19/39



o
GlEOIE Z=

[

TESTING PRODUCT CHARACTERISTICS

\rTesting adhesives and adhesively bonded joints

Tapered Double-Cantilever Beam (TDCB) Tests
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Tapered Double-Cantilever Beam (TDCB) Tests
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Tapered Double-Cantilever Beam (TDCB) Tests

Testing adhesives and adhesively bonded joints
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Testing adhesives and adhesively bonded joints

Tapered Double-Cantilever Beam (TDCB) Tests
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Tapered Double-Cantilever Beam (TDCB) Tests

Testing adhesives and adhesively bonded joints
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Peel tests
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Testing adhesives and adhesively bonded joints

T-peel tests
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Testing adhesives and adhesively bonded joints
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T-peel tests
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Testing adhesives and adhesively bonded joints

Impact-wedge-peel tests
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Impact-wedge-peel tests
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Impact-wedge-peel tests
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Testing adhesives and adhesively bonded joints

Impact-wedge-peel tests

Substrate

Wedge 16800 Finite Volumes
Contact boundary

condition

A. Karac 31/39



keteoe z&

TESTING PRODUCT CHARACTERISTICS

¢ etrologiju
.

e’
Y

Impact-wedge-peel tests

Testing adhesives and adhesively bonded joints

IWP Test - Thick Specimen Normal Stress Component Sxx

Time: 0 microsec
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Box-beam components

Testing adhesives and adhesively bonded joints
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Box-beam components
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(a) TH beam, riveted at 25 mm pitch - Type 1. (b) Rivet bonded TH beam joint using the
'XD4600’ adhesive and a pair of end

rivets - Type IV.
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Testing adhesives and adhesively bonded joints
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Box-beam components
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Deep-notched tensile tests

Testing adhesives and adhesively bonded joints
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Deep-notched tensile tests
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Deep-notched tensile tests
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Testing adhesives and adhesively bonded joints
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