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BOPACS main objective is:

« To reduce weight and costs of primary aerospace
structures by developing bolt free adhesive bonded
joining that comply with the airworthiness requirements
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Means of Comply CS 22.573, AC 20-10/B

= The maximum disbond of each bonded joint consistent
with the capabillity to withstand the required loads must
be determined by analysis, tests or both. Disbonds of
each bonded joint greater than this must be prevented
by design features.

= Proof testing of each joint to the limit design load.

= Non destructive inspection of the bond area to ensure
the strength of the bond.

<
Copyright BOPACS consor tium



Means of Comply CS 22.573, AC 20-10/B

= The maximum disbond of each bonded joint consistent
with the capabillity to withstand the required loads must
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Means of Comply CS 22.573, AC 20-107B

= The maximum disbond of each bonded joint consistent
with the capability to withstand the required loads must
be determined by analysis, tests or both. Disbonds of
each bonded joint greater than this must be prevented
by design features.

= Proof testing of each+einttothe imit design load.

= Non destructive inspection of the bond area to ensure
the strength of the bond.
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BOPACS technical content

To design and asses crack stopping design features
limiting the maximum disbond size in adhesively
bonded joints as a mean of comply (MOC) to
alrworthiness requirements
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Four different crack stopping concepts are evaluated:
- Surface interfacing

FTwvvvwe

Metalic mesh interfearing with Thermoplastic layers

« Surface and geometry modification

Laminate

Adhesive

Crack \ layed open and interiocked fibers

Laser stripping / etching of adherent surfaces
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« Mechanical through thickness

form fit shear bolits {D<1,5mm)
(stainless steel or titanium)

hybrid fail safe
single lap joint
for assembly

« Adhesive bondline architecturing

Bonded joints with staples to prevent crack propagation

d

Zones with different types of adhesive (high/low toughness)

Brittle Adhesive,: Shear-Modulus low, Toughness, high

Tough Adhesive,: Shear-Modulus high, Toughness low
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The performance of the different concepts are evaluated by tests

on CLS and DCB tests
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Fatigue testing of CLS specimens with different
crack stoppers
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Step1 Step 11 Step 11 Step IV
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DCB tests and modelling
(corrugation)

100 -
90 -
80 -
70 ] Reference: 0.58 mm Reference:21.2mm Reference: 70 mm
- & Crack initiates at the corrugation Crack reaches the corrugation Crack has stopped at corrugation
— 60 7 \ — Experiment: Reference
£ ]
v 1 — + = Model: No corrugation
g 50 -
(+} ] -+« Model: Reference
L] 4
40 1 - — = Model: Increased height e
nw | mmea- Model: Increased diameter ,,.:_:;',/"
30 |
20 +
10
0 T T — — — — T —— T
0 10 20 30 40 50 60 70

Nienlaremeant Imm)

Copyright BOPACS consortium 13



* Most promising crack stopping concepts will be
iIntegrated into the bondline of an aileron and full
scale tested.

4 off Aileron spars
where fasteners wj
» be replaced
_ paste adhesj

Alleron assy Aileron Upper
Skin
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