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* Motivation and Key Issues

— Most important step for bonding is SURFACE
PREPARATION!

— Inspect the surface prior to bonding to ensure proper
surface prep

* Objective

— Develop quality assurance (QA) techniques for
surface prep

* Approach

— Investigate surface preps, process variables and
examine effect of measurements on bonding surface
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~2011-2012 Statement of Work

_ Surface Characterization/QA Technique
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* Peel ply + abrasion

— Motivation: examine surfaces
prior to bonding to ensure
removal of peel ply texture

= Application: bonding with paste
adhesives

— Variables: peel ply type before
abrasion, directional vs.
random abrasion, amount of
peel ply removed

— Diffuse reflectance FTIR can
detect proper vs. improper
abrasion to remove peel ply
surface

= Correlate to bond quality?
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« Scarfed surfaces/repair surfaces

— Motivation: examine repair surfaces prior to bonding to
ensure proper abrasion

— Variables: reinforcement fiber orientation, fiber type,
resin type, fiber arrangement (tape vs. weave)

— Contact angle (CA) data collected — analysis in
progress

« Effect of CA fluid measurement on bond quality

— Motivation: does measurement affect bonding surface?
— Bond quality of intentionally contaminated samples

T Jj U"ls A
Advanced Materials i
Transport A-r:ra’r Srvi;:r.:'r_ 6
NT ADVANCID MATERIALS & STRUCTURI




« Adhesive must wet substrate — controlled by surface
energy

« Surface energy = measure of energy associated with
unsatisfied bonds at the surface [free energy/unit area]

« CAs used to measure surface energy

‘ Yiv
i vapor

Non-wetting, 8 = 180° Wetting, 6 = 0° Tsv

Historically: water break test for metal bond QA, not
sufficient for composites — esp. peel ply material

— Need multiple fluids to determine surface energy, wettability
envelopes
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« CA can detect surface prep and silicone contamination
— Wettability envelopes: 2D representation of surface energy
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» Need to understand how fluid affects bonding surface

CEaM,
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Investigate effect of contact angle fluid
contamination on bond quality

« Contaminate CFRP surfaces with contact angle fluid
followed by use of one of below methods:
— Dry wipe
— Acetone wipe
— Air dry (in fume hood)

« Fabricate bonded specimens (bond within 4 hours)

— Backing-Rapid Adhesion Test (B-RAT)/Climbing Drum
Peel (CDP) Test
» Failure mode
— Double Cantilever Beam (DCB) Test
= Mode | strain energy release rate (G;)
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« Toray 3900/T800 unidirectional laminates
— Autoclave cure (350 °F, 89 psi)

* Peel ply surface prep
— Precision Fabric Group 60001 polyester peel ply

« Contact angle fluid contamination

— Fluids: DI water, ethylene glycol (EG), glycerol (Gly),
diiodomethane (DIM)

— BMS8-15 aerospace wipers
= Application and removal of contamination
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* Secondary Bonding

0.02”
PA’:‘ Al AF 555M
— B-RAT/CDP specimens /.
= 3M AF 555M film adhesive "\
» 0.02" phosphate acid anodized Al t
. _ FEP crack 10-ply CFRP
= Autoclave cure (350 °F, 45 psi) starter laminate
— DCB specimens AF }555'\"
= 3M AF 555M film adhesive I} 2
: — AN
= Autoclave cure (350 °F, 89 psi) \ \T
FEP crack 10-ply CFRP
starter laminates
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* Bonded panels cut into (3) 17 x
13" specimens

 Testper ASTM D1781
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DI Water

Al CFRP

Acetone
Wipe

" All cohesive failure within adhesive
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 Visual: cohesive failure in the adhesive
— Desired failure mode

* Results suggest:
— Failure mode not influenced by CA fluid contamination
— CDP/B-RAT not sensitive to CA fluid contamination
» Confirm results with DCB test?
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 Bonded panels cut into (5)
Y2” x 13”7 specimens

 Used area method
— E: area of curve E
— A: crack length GIC =
— B: specimen width X
15”
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DI Water + DI Water + DIl Water +

Control Air Dry Dry Wipe | Acetone Wipe
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* All mixed failure modes: cohesive within adhesive and
interlaminar
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Results to date: control and DI water contaminated
samples

— DCBs with gly, EG, DIM contamination?

5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

A 10
v

e 3.93 3.97

4.14

Control

CEaM,

111

DI Water + Air DI Water + Dry DI Water +
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* Visual: mixed failure modes =2 cohesive within
adhesive + interlaminar

— Desired failure modes

 No significant difference in G,; values for DI
water contaminated samples and control
samples

* No degradation in bond quality found by DCB
(G, or failure mode) for DI water contamination
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« Contact angle used to measure bonding surfaces 2>
effect of measurement on surface?
— CDP/B-RAT = no degradation in failure mode

— DCB - no degradation in G, or failure mode for DI water
contaminated samples

= Need to examine other CA fluid contaminations, other systems
(composite, surface prep, adhesive)

Bond Quality Contact Angle Fluid Contamination
Test

CDP/B-RAT
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« Contact angle used to measure bonding surfaces 2>
effect of measurement on surface?
— CDP/B-RAT = no degradation in failure mode

— DCB - no degradation in G, or failure mode for DI water
contaminated samples

= Need to examine other CA fluid contaminations, other systems
(composite, surface prep, adhesive)

Bond Quality Contact Angle Fluid Contamination
Test

Contact angle is potential QA method
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» Benefit to Aviation
— Guide development of QA methods for surface prep.
— Greater confidence in adhesive bonds

 Future needs

— Application to other composite/surface prep./adhesive
systems (repair, paste adhesive, etc.)

— Model to guide bonding based on characterization,
surface prep. and material properties

— QA methods to ensure proper surface for bonding
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