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Durability of Bonded Aircraft Structure

Motivation and Key Issues

Bonded joints contribute to the weight savings of composite
materials

The degradation of composite adhesives has received less
attention than their adherends

Objective
Improve understanding of adhesives in fatigue
Consider effect of adhesive toughness
Identify environments leading to ratcheting response

Approach
Fatigue testing of normal, shear and mixed mode coupons
Account for time dependence
Consider the effects of temperature
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Principal Investigators & Researchers
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FAA Technical Monitor
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Other FAA Personnel Involved
Larry llcewicz
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Double Cantilever Beam (DCB) .scrx05 asiypssss

Used to evaluate toughness in peel
« EA9696 tougher in peel
« FM300-2 less tough in peel
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Aims

» Investigate the correlation between the stz
scarf joints
 ldentify fracture criterion for adhesive

» Analyze the crack growth rate with di

« Estimate the fatigue life numerically

« Validate with experimental results

Geometries

» Crack opening modes related to different coup
« DCB : Mode |

« ENF : Mode Il

« Scarf : Mixed mode (I+I1)

ALS, scarf, and DCB



Seart fatigue failure: FM 300-2
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1. Material degradation and failure Adhesive

(no pre-crack) type Mechanism

Cohesive zone model: CZM

(traction separation law) High and low

ductility LEFM & EPFM

2. De-bonding Adhesive Mechanism
(pre-crack) type
Critical stress Low ductility LEFM
Crack Tip Opening Displacement High ductility EPFM
Virtual Crack Closure Technlgue orlEnhanced VCCT Low ductility LEEM
(energy release failure criterion)
Direct Cycle Fatigue (for cyclic loading) Low ductility LEFM



O

* Onset of failure imum

: when traction force reaches
maximum value (surfaces are rigidly bonded)
: once propagation started, the
de-bonded nodes are released
: when the bond reaches
maximum allowable strain energy release rate, G,

» Crack propagation

* Complete failure

Assumptions: Direct Cycle Fatic

> Material'is NomJ]wa:Lr elastic
UIJJJ"UHIJU ‘f)JJ)W the same path as that of loading
crack pro J)Elgllﬁ on (in Paris region)
C zohe << LEFM zone (in Paris region)



lic Fatigue: ABAQUS

combined equivalent (G¢y, Geyr, Gepr) by BK, Power
min

Gmax

Onset of Fatigue crack (region |)
N > 1
ClAGCZ —
Gmax > Gthreshold

Gthreshold = "1 Gceq
* AG = Gpax — Gmin

Stable crack propagation (Paris region i)

Gpl > Gmax > Gthreshold
y Gpl ) GCeq

Unstable fracture and failure (region Iil)

* Gp < Gpax < G rapid crack propagation
Gmax = G, failure

. GCI’ GCIIJ GCIII' C1, Cp, C3, Cy, N and T, are materiz
= 7, and r, depend on the load ratio R
= N is number of cycles



Validate the numerical fatigue life with experi
DCB (fatigue parameters for pure mode I)
ENF (fatigue parameters for pure mode II)

Compare scarf and WALS
Crack propagation in Mode | or Il or mixed mo
Continuum damage due to material degradati

Fatigue life vs. adhesive toughness and stren
Different adhesive systems
Temperature effects




Ratcheting, David Lemme

Aim: Study the adhesive’s viscoelastic effects in fatigue.
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Fig. 3. Uniaxial ratchetting test of ACF: (a) stress control diagram; (b) stress—strain relationship; (c) ratchetting strain evolution; (d) ratchetting strain rate
evolution

Lin, Y.C., Xiao-Min Chen, and Jun Zhang. “Uniaxial ratchetting behavior of anisotropic
conductive adhesive film under cyclic tension.” Elsevier (2010). Print.

Adhesive: Hitachi AC-8955YW-23



Viscoelasticity Plan

Study the effects of creep, relaxation, and ratcheting in adhesives.

Ratcheting , S
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Fig. 6. Ratcheting behavior of sintered silver film (a) at the same mean stress and

Fig. 5. Ratcheting behavior of sintered silver film specimen SPR1 (a) axial different stress amplitudes; (b) at the same stress amplitude and different mean
stress-strain response; (b)ratcheting strain with cycles. stresses.

Tao Wang, Gang Chen, Yanping Wang, Xu Chen, and Guo-quan Lu. “Uniaxial ratcheting

and fatigue behaviours of low-temperature sintered nano-scale silver paste at room and
high temperatures.” Elsevier (2010). Print.
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ur? Compare with power law model.

liance = D(t) = Dy + D;t"

strain,
D, = 1/0.31 Msi
D, = 0.11
n=0.16
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Strain (exp - visco) [pe]

6000
5000
4000
3000
2000
1000

-1000

0%

1000 seconds

20% 40% 60% 80% 100%
(Creep stress)/(Yield strength) [%]

6000 seconds

-100 ®

Strain (exp - visco) [pe]

20% 40% 60% 80%
(Creep stress)/(Yield strength) [%0]




based on linear viscoelastic

lar wave.
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Viscoelastic Ratchetting Model

o’ Effect of Frequency on Ratchetting Strain, 50% Tensile Strength

11821
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re, Sayed Hafiz

perature induced changes in
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tigue and

trength and fatigue resistance when
S.

hness Is affected by temperature and
adhesives.

n nonlinear behavior at 60% of
in the same at elevated temperature?



ne of Work

project will involve placing wide area
e at different temperatures.

30°C 65°C 100°C
EA 9696 25WALS  25WALS  25WALS  25WALS

30°C 65°C 100°C

FM 300-2 25 WALS 25 WALS 25 WALS 25 WALS



Scope of Work

Also creep test of neat resin coupons at 70 °C/160F.

Adhesives

EA 9696

FM 300-2

Duration | 1000 sec | 10000 sec '1000OOsec'
20% of UTS

40% of UTS

60% of UTS

80% of UTS
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redictive capability
f adhesive joints
‘e on adhesive response



