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abhesive non-adhesive substance or surface; slippery
abrading to scrape away or rub off by friction
Adherend a body held to another body by an adhesive
adherend part that is to be or is bonded to another part
. The attraction between surfaces whereby work must be done to separate them once they have
Adhesion )
been brought into contact
adhesion promoter Substance used in small quantities to increase adhesion to certain joining materials.
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Adhesive

adhesive

toon
Non-metallic substance capable of joining materials by surface adhesion in such a way that the
bond has sufficient internal strength (cohesion).

Connection made with adhesive between parts to be joined

adhesive bonding
adhesive failure

Breakage of a bond showing separation at an adhesive/joint interface.

Adhesive with or without backing in film form. Adhesive films usually set under the effect of

adhesive film

heat under pressure.
Force per unit surface area required to break a bond in or near the plane of the adhesive layer.

adhesive strength

alloy
AMC (Acceptable

mixture of metals or a metal combined with one or more elements
Specific requirements and methods defined by the certification institution necessary to certify

Means of Comply)

Arrested-growth
approach

for a product
Method that requires demonstration that the structure, with defined flaws present, is able to|

withstand appropriate repeated loads with flaws growth which is either mechanically arrested
or terminated before becoming critical (residual static strength reduced to limit load). This is to|

be associated with appropriate inspection intervals and damage detectability

bending test

Also flexure test or transverse beam testing measures the mechanical behaviour of materials
subjected to a simple beam loading.

agent

binder

A polymer that is produced from biological resources, including chemicals derived from plants
and algae. For example, polylactide is produced from sugar, which is harvested from plants

Bio-based or bio-derived|like sugar cane.

A plastic that undergoes accelerated degradation by organisms and biomolecules such as
enzymes, forming small molecules that are metabolized by natural organisms. Biodegradable
plastics should break down to natural materials that can be returned to the environment without

Biodegradable plastic: |pollution or deleterious effects.
Biopolymer: A naturally occurring polymer, such as cellulose or starch.
. A blind bolt is a blind fastener without any shrank expansion utilized to attach two or more parts
Blind bolt R X X
whereby the assembly process is applied from one side of the parts
Lo A blind rivet is a blind fastener with a certain amount of shrank expansion utilized to attach two
Blind rivet R . X
or more parts whereby the assembly process is applied from one side of the parts
the action of joining materials securely by means of adhesive, heat, or pressure or by chemical
bonding bonds
Bondline The layer of adhesive which attaches two adherends
bondline Adhesive layer in a joint
brittle hard material but capable to break easily
a type of joint made by fastening the end-to-end parts together, without overlap and often with
butt joint reinforcement




Certification documents

As actual certification documents, only the Federal Aviation Regulations FAR issued by FAA
(Large Transport Category Airplanes - FAR25) and the Certification Specifications CS issued
by EASA (for large airplanes - CS25) can be referred to. Additionally, the FAA and EASA are

Aerospace issuing Advisory Circular (AC) and Memorandums which can be considered as an explanation
of the certification documents and as “one” way of achieving certification
clamps a brace, band, or clasp for strengthening or fastening materials together
c . Assembling process for joining together already cured composite or metal parts with still un-
o-bonding . . R
cured composite parts, during the cure cycle of the un-cured composite part
Assembling process for two or more composite parts/materials, assembled as wet-in-wet (semi
Co-curing cured prepreg material is also considered wet). All parts/materials are fully cured and
simultaneously bonded in a single shot technique. Different materials may be co-cured if the
same cure cycle is used
The state in which the particles of a single substance are held together by primary or
Cohesion secondary valence forces. In adhesives, cohesion is the state in which the particles of the

adhesive or adherend are held together

cohesive failure

Breakage of an adhesive bond that has not occurred at an adhesive/joint interface, but in the
adhesive layer itself.

Collapse:

Complete failure of a blade impossible to repair. Replacement needed

Component:

A major section of the airframe structure (e.g. wing, body, fin,...) which can be tested as a
complete unit to qualify the structure

contact adhesive

an adhesive that is designed to bond similar/dissimilar materials to be bonded together;
somtimes it is allowed to dry before the two materials are placed in contact; it does not need
clamping of the surfaces after the materials/surfaces were places in contact.

corner joint

an L-shaped joint formed by two materials placed in perpendicular position to each other

A small test specimen (e.g., usually a flat specimen) for evaluation of basic lamina or laminate

Coupon properties or properties of generic structural features (e.g. bond or mechanical fastened joints)
Refers to a damage type resulting from a stress overload in a material leading to the local
Crack separation of material. Voids or holes resulting from the manufacturing process are not
considered a crack as they are not caused by a stress state
. Controlling of the propagation of a crack. This can include diverting, slowing down and|
Crack stopping - . ) o .
arresting the crack in order to fulfill certification requirements
A phenomenon denoting an increase in deformation of an adhesive layer with time under a
constant load or a constant stress. Such behaviour is associated with viscoelastic
creep deformations, for polymeric adhesive formulations.
. The dimensional change with time of a material under load, following initial instantaneous
Creep: . X ) . .
elastic or rapid deformation. Creep at room temperature is sometimes called cold flow
Formation of multiple intermolecular covalent or ionic bonds between polymer chains leading
curing to a three-dimensional molecular network
Harm or physical change that impair the normal function of a blade (from an impact, fatigue,
Damage
wear and tear, etc.)
Debond Same as disbond - shall not be used
Defect A flaw or a weakness in a blade that cause failure. Defects are faults in the blade that might]

come from manufacturing

Degradable polymer or p|

A term used to refer to a polymer or plastic containing chemistries that allow the chain to be
disassembled either through recycling or through biodegradation.

Delamination

The separation of the layers of material in a laminate. This may be local or may cover a large|
area of the laminate. It may occur at any time in the cure or subsequent life of the laminate and
may arise from a variety of causes. This type of failure is dominated by the properties of the
matrix. It also includes the separation of layers of fabric from the core structure also the|
separation of layers in a laminate because of failure of the adhesive, either in the adhesive|
itself, or at the interface between the adhesive and the adherend




Design criteria (?)

- Strain
- Strength
- Toughness/fracture

§ Mode | (peeling): The load is opening the two crack faces apart.

§ Mode Il (sliding): The two crack faces slide with respect each other, parallel to the crack
propagation direction.

§ Mode Il (shearing): The two crack faces slide with respect to each other in the out-of-plane
or transverse direction

A non-generic structural element of a more complex structural member (e.g. specific design

Detail X . L ) X
configuration of joints, splices, stringers,...)
A controllable adhesive disbonding mechanism, which is achieved by physical processes
(temperature, solvation, radiation etc.), functional additives or functional groups within the
polymer. The breaking of polymer chains into shorter sub-units and monomers so as to aid
Disassembly recycling. Chain disassembly may also be triggered at an appropriate time in degradable
An area within a bonded interface between two adherends in which an adhesion failure orf
. separation has occurred. It may occur at any time during the life of the substructure and may
Disbond . N . . X R -
arise from a wide variety of causes. The separation between two laminae in the finished
laminate will not be referred as disbond. Disbond can be caused by adhesive or cohesive
dowel a projecting peg used to hold together different components of a structure
Macromolecular substance which, after considerable deformation by a small stress and
subsequent release at room temperature, rapidly regains its initial dimensions and
elastomer approximates its original shape.
Element A generic element of a more complex structural member (e.g. skin, stringer,..)
embed matrix

Environmentally degradal

Plastics that can be completely broken down and assimilated into the natural environment over
time without any negative toxicity or environmental effects.

Failure

The Toss of an intended function due to a defect (tensile, shear, compressive etc.). Failures are|
faults in the blade that have occurred during the lifetime of the blade, due to outside events
(excessive loads, fatigue of materials, etc.)

- Buckling (Failure Mode 1): a non-linear in-plane stability phenomenon. It can be predicted by
non-linear FEM. Using a combined loading load case for both numerical simulations and|
testing will capture the phenomenon. Premises for failure: The bending of the blade due to
aerodynamic forces and reduced buckling capacity of the blade in mid span and mid span|
towards the tip creates premises for failure.

- Bondlines, Te (Failure Mode 2): The magnitude of the peeling stresses is not influenced by
the bond line width. The peeling stresses will have the same magnitude regardless of the width
of the bond lines.

- Skin debonding (Failure Mode 3): Refers to the detachment of the skin from the core material.
Full-scale testing or subcomponent test can be used to capture this.

- Interlaminar Failure (Failure Mode 4): Bending of the laminate causes interlaminar failure.

- Strain Based Failure (Failure Mode 5): Strain based failure criteria is not valid for wind turbine
blades composites due to:

§ In-plane strain levels are much lower than the actual capacity of the fibers

8§ Bendina aenerates interlaminar stresses and peelinag in bondlines that could cause failure

Failure, adherend /
substrate

Joint failure by cohesive failure of the adherend / substrate




Failure, adhesive:

Rupture of an adhesive bond at the interface between the adhesive and the adherend. Rupture|
of an adhesive bond in which the separation appears visually to be at the adhesive/adherend|
interface

Failure, cohesive:

Rupture of an adhesive bond in such a way that the separation appears to be within the
adhesive. Rupture of an adhesive bond in which the separation appears visually to be in the
adhesive or in the adherend

Failure, contact

The failure of an adhesive joint, as a result of incomplete contact during assembly, between|
adherend and adhesive surfaces or between adhesive surfaces

Fastener

A fastener is a single- or multiple piece of connection/securing hardware which mechanically|
attaches /joins/locks two or more parts together

fatigue test

fatigue test is a specialized mechanical testing method to determin the safety of certain
structures by applying cyclic loading to that particular structure

Fatigue:

A condition of stress from repeated flexing or impact force upon the adhesive — adherend
interface; weakening of material caused by repetitive loading and unloading

fractue of a joining part

Breakage of a joint in the material of a joined part

fracture pattern

Appearance of the fracture surfaces after a bond has broken

glass transition

reversible transition in an amorphous polymer or in the amorphous regions of a semi-crystalline
polymer from or into a viscous or rubbery state to or from a hard and relatively brittle state

glue surface, surface to K

Part of a surface prepared for bonding to another prepared surface or the part of a surface
bonded to a clean surface

Glued-in rod

Connection to or reinforcement of timber established by interaction of rod, adhesive and timber

Structural timber member composed by at least two essentially parallel laminations which may|

Glulam comprise of one or two boards side by side having finished thicknesses from 6 mm up to 45|
mm (inclusive)
Substance that causes, promotes or regulates the formation of intermolecular covalent or ionic
hardener bonds between polymer chains, resulting in a three-dimensional molecular network.
hot melt Adhesive that is applied as a melt and forms bonds as it cools to a solid state.
impact test mechanical test used to determine the strenght of materials
Interface The contact area between adherend and adhesive surfaces
Joint The location at which two adherends are held together with a layer of adhesive
joint a point at which part of materials or certain structures are joined or bonded
o Similar to weak bond. No differentiation between weak and kissing bond shall be made.
Kissing bond o
Kissing bond shall therefore not be used
laminate describes the cover of a layer/material with another protective material
Lamination :dll :JI a STructurar grueu ToeT Prouuttl CUTTSTSTTTY UT UNMTe™ DUATa 0T WU 0T TTTOTE TITTYET=JONTIEU|
lap joint is a joint in which the members overlap; also referred as overlap joint
Layer: Part of a laminated structural timber product consisting of adjacent laminations
Layup: Cross-sectional arrangement of timber or wood-based panels according to the respective

product standard

moisture-curing adhesive

Adhesive that hardens/cross-links by reacting with moisture from the air or from the parts to be
joined

monomer

Chemical compound, usually of low molecular mass, which can be reacted alone or with other
chemical compounds to form a polymer.

Multiple element
damage (MED(

Source of widespread fatigue damage characterized by the simultaneous presence of fatigue|
cracks in adjacent structural elements

Multiple Load Path

Structure providing two or more load paths that are all loaded during operation to a similar load
spectrum

Multiple Load Path

Structure providing two or more separate and distinct paths of structure that will carry limit load|
after complete failure if one of the members

Multiple site damage
(MSD)

Source of widespread fatigue damage characterized by the simultaneous presence of fatigue|
cracks in the same structural element (i.e. fatigue cracks that my coalesce with or without
other damage leading to a loss of required residual strength)

No-growth approach

Method that requires demonstration that the structure, with defined flaws present, is able to
withstand appropriate repeated loads without detrimental flaw growth for the life of the structure

Ready-to-use adhesive. Note: External influences such as heat, humidity, radiation, exposure
to oxygen or evaporation of solvents may be required for the setting of one-component

one-component adhesive




overlapped joint

Joint in which the parts to be joined are bonded with one part of their surfaces overlapped in
each case.

passivation

in chemical and materials engineering it referrs to a material that is less affected by corrosion;
it can also describe the deposition of a top-coat as protective material against corrosion

Passive Multiple Load
Path

Structure providing two or more load paths with one or more members (or areas of members)
relatively unloaded until failure of other member or members

peel test stresses
Permanent joints Types of bolted joints that are not expected to be dis-assembled during the life of the aircraft
Pin Pins are threaded (removable or permanent) or swage-locked permanent round male fastener
An element or detail of a specific design which is not considered generically applicable to other]
Point Design structure for the purpose of substantiation (e.g. lugs and major joints). Such a design element
or detail can be qualified by test or by a combination of test and analysis
Substance whose molecules are characterised by the fact that the same or different atoms or
groups of atoms (constitutional units) are linked
to each other in a multiple repetitive manner, thus providing a set of properties which are not
polymer appreciably changed by the addition or removal of one or fewer constitutional units.
pot life maximum time period in which a multi-component adhesive may be processed after mixing

pressure sensitve adhesi

Adhesive that is permanently tacky at room temperature when dry and that adheres easily to
surfaces under short, low pressure.

Principal structural
element (PSE)

An element that contributes significantly to the carrying of flight, ground, or pressurization
loads, and whose integrity is essential in maintaining the overall structural integrity of the

reactive adhesive

Adhesive that sets by chemical reaction of its components and/or by the action of external
substances.

Removable joints

Types of joints that are expected to be dis-assembled during the life of the aircraft (e.g. Access|
panels adjustments, system installation, etc.)

Requirement

A mandatory rule, which needs to be fulfilled in order to achieve the aim it relates to

A solid, semi-solid or pseudo-solid organic substance of non-uniform and usually high
molecular weight, which tends to flow under tension, usually has a softening or melting range

resin and usually exhibits a flaky fracture.

Rivet: Arrivet is a single- or multiple_piece permanent fastener, which is installed by forming and can
only be removed by a destructive process

Road map to Defines specific steps needed to be fulfilled in order to achieve certification for a

certification product/fabrication method/sizing method/...

Scatter Factor A life reduction factor used in the interpretation of fatigue analysis and test results

sealant conditions

Secondary Bonding

The joining together, by the process of adhesive bonding, of two or more already cured
composite parts, during which the only chemical or thermal reaction occurring is the curing of

setting

Process in which an adhesive gains its cohesive strength and the bond develops its physical
and chemical properties.

Single Load Path

Method where the applied loads are eventually distributed through a single member, the failure
of which would result in the loss of the structural capability to carry the applied loads

Sizing approach

Describes a method/approach, which can be used by an engineer to perform the sizing of a
product, with limited knowledge about its background. It should be defined in accordance to the|
certification requirements and means of comply and should therefore be based on extensive

Slow-growth approach

Method that requires demonstration that the structure, with defined flaws present, is able to
withstand appropriate repeated loads with slow, stable and predicted with appropriate damage
detectability

stick-slip phenomenon

spontaneous motion that can occur while two objects are sliding over each other

structural adhesive

A bonding agent used for transferring required loads between adherends exposed to service
environments typical for the structure involved. An adhesive of proven reliability in engineering
structural applications in which the bond can be stressed to a high proportion of its maximum
failing load for long periods without failure. A material employed to form high-strength bonds in
structural assemblies which perform load-bearing functions, and which may be used in extreme
service conditions, e.g., high- and low-temperature exposure

structural adhesive

Adhesive demonstrably suitable for the manufacture of load-bearing structures where the
bonded joint can be stressed for prolonged
periods at a high percentage of the maximum breaking load without failure.

Subcomponent

A major three-dimensional structure which can provide completed structural representation of a
section of the full structure (e.g. stub-box, section of a spar)




Substrate

A material upon the surface of which an adhesive-containing substance is spread for anyj
purpose, such as bonding or coating. A broader term than adherend, q.v.

substrate

an underlying layer

surface preparation/ pre-i

Physical and/or chemical treatment carried out on the surface of a joining material (adherend)
in order to make it suitable or more suitable for bonding.

Substance that increases the tackiness of adhesive coatings or prolongs their tackiness time.
Generally a diluent, oil or resin with low molecular weight, which, when added to the adhesive

tackifier formulation reduces the modulus of the rubbery plateau.

also referred as tension test is a mechanical test in which samples or bonded joints are
tensile test subjected to controlled tensions until failure
thinner solvent used to make adhesive formulations or other coatings less viscous

two-component adhesive]

Adhesive consisting of two separate reactive components which are mixed before use

Upcycling:

A recycling process to create a product of higher quality or value than the original. For
example, plastic pipes could be chemically modified to improve their heat resistance, or confer
antibacterial properties.

viscoelasticity

Property of a substance to behave under stress like a combination of an elastic solid and a
viscous fluid whose flow depends on time, temperature, load and load change.

A bond line with mechanical properties lower than expected, but without any possibility to

Weak bond detect that by normal NDI procedures. Two surfaces might have been only partially bonded orf
are disbonded but touching or in very close proximity. This may be the consequence of poor
wettability Ability of a liquid (adhesive) to spread on a given solid surface.

Widespread fatigue
damage (WFD)

Damage, which is characterized by the simultaneous presence of cracks at multiple structural
details that are of sufficient size and density whereby the structure will no longer meet its
damage tolerance requirement (i.e. to maintain its required strength after partial structural

active smart patch

active intelligent patch system for monitoring the integrity of bonded repair on an aircraft

active thermography
using optical excitation

most common extended non—destructive testing (NDT) method

active thermography
using ultrasound
excitation

most common extended non—destructive testing (NDT) method

acoustic emission

most common structural health monitoring (SHM) method

adhesive bonding

adhesive bonding is the joining technology in terms of weight and performance — it is alsoj
used for composite repair patches

adhesive curing

improper adhesive curing — thermal factor causing incorrect glueing of composite layers or]
bonds — as a result, the strain energy release rate is reduced

bond stress and
temperature sensor
(DBST)

bond stress and temperature sensor — miniature dual measurement sensor — measures normal
and/or shear stress and temperature (designed to minimize normal stress field perturbation)

contamination

causes the degradation of the composite or composite joint — belongs to environmental factors
/ degradation sources

damage index

general damage index is thus defined as the ratio between the initial and the reduced
resistance capacity of a structure — it is evaluated by using an evolution equation for the yield
strength in which the structural damageability is included

data acquisition system|
(DAS)

data acquisition is the process of sampling signals that measure real physical conditions and
converting the resulting samples into digital numeric values that can be manipulated by a
computer — DAS typically convert analog waveforms into digital values for processing

de—icer

fluid used for de—icing airplanes — causes the degradation of the composite or composite joint]
— belongs to environmental factors / degradation sources

diagnosis methodology

diagnosis methodology of the structural integrity of bonded joints are considered under
environmental and operational conditions

digital image correlation|
(DIC)

digital image correlation is an optical method that employs tracking and image registration
techniques for accurate 2D and 3D measurements of changes in images - the method is often
used to measure full-field displacement and strains, and it is widely applied in many areas of
science and engineering

dye penetration test

most common non—destructive testing (NDT) method




electromagnetic layer

most common structural health monitoring (SHM) method

electromechanical
impedance (EMI)

most common extended non—destructive testing (NDT) method

fasteners in primary
structures

in primary structures, fasteners are always included along with the bonded systems in case the
bond fails

fibre optics techniques

most common structural health monitoring (SHM) method

fingerprint defect

degradation of the composite or composite bond as a result of touching the material with the
hand — as a result, the strain energy release rate is reduced

glueing limits

glueing limits its use to secondary constructions, the failure of which is not harmful to the
safety of the structure

guided wave method

most common structural health monitoring (SHM) method

infrared thermography
(IR)

infrared thermography (IR) is an analysis technique based on the detection of radiation in the
IR part of the electromagnetic spectrum - the device detecting and composing a 2D image of
the IR radiation is generally called an IR camera or a thermographic camera, also referred to
as an infrared camera

inspection methods

SHM and NDT techniques are defined as inspection methods which aim is giving continuous
information about the domain and material changes

jet A—1 (aviation fuel)

aviation fuel — causes the degradation of the composite or composite joint — belongs to
environmental factors/degradation sources

laser Doppler

most common extended non—destructive testing (NDT) method

laser excited ultrasound

most common non—destructive testing (NDT) method

Mahalanobis distance

introduced by P. C. Mahalanobis in 1936 is used for signal processing — the Mahalanobis
distance is thus scale—invariant, and takes into account the correlations of the data set.

mean absolute
percentage error
(MAPE)

mean absolute percentage error (MAPE), also known as mean absolute percentage deviation
(MAPD), is a measure of prediction accuracy of a forecasting method in statistics — it is
frequently used as prognostic performance criteria

mean square error
(MSE)

it is a measure of the quality of an estimator — it is derived from the square of Euclidean
distance — it is always a positive value that decreases as the error approaches zero — it is
frequently used as prognostic performance criteria

moisture defect

degradation of the composite or composite bond — as a result, the strain energy release rate is
reduced

non—destructive testing
(NDT)

non—destructive testing (NDT) aims at assessing the state of structural health by trying to
detect the presence and evaluate bond damage

nuclear magnetic
resonance

most common extended non—destructive testing (NDT) method

operational risk
management (ORM)

operational risk management (ORM) is defined as a continual cyclic process which includes
risk assessment, risk decision making, and implementation of risk controls, which results in
acceptance, mitigation, or avoidance of risk

optical time-domain
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characterize an optical fiber - it injects a series of optical pulses into the fiber under test and

reflectometer (OTDR) [extracts, from the same end of the fiber, light that is scattered or reflected back from points
. causes the degradation of the composite or composite joint — belongs to environmental factors
overloading

/ degradation sources

pattern recognition

pattern recognition is the automated recognition of regularities in data - it has applications in
statistical data analysis, signal processing, image analysis, information retrieval,
bioinformatics, data compression, computer graphics and machine learning - it has its origins
in statistics and engineering - some modern approaches to pattern recognition include the use
of machine learning, due to the increased availability of big data

probabilistic damage
tolerance

that is, the analysis of fatigue failure reliability of composite bonds — the reliability levels are
derived from extensive testing of composite bonds for which the entire failure history has
been measured, not just the final fatigue life




probabilistic risk
assessment

it is a methodology to evaluate risks associated with every aspect of a complex engineered
technological entity from concept definition, through design, construction and operation, and
up to removal from service

probability of detection
(POD)

concept of probability of detecting a failure — is used to determine the feasibility of inspecting
the detection of defects in materials / joints. It is usually expressed in a POD illustrating curve
— the curve indicates the probability of detecting a damage with a characteristic parameter of
the defect (usually with its size)

prognosis assessment

means predicting or estimating the risk probability of future operating conditions, for
example, of partially degraded composite structures.

prognosis methodology

prognosis methodology of the structural integrity of bonded joints are considered under
environmental and operational conditions

release agent

anti—adhesive agent — degradation factor of the composite or composite bond — as a result, the
strain energy release rate is reduced

remaining useful life
(RUL)

remaining useful life is widely used in both theory and real-life applications by statisticians
and engineers — engineers use it mostly when they have to decide whether to do maintenance,
or to delay it, due to production requirements

resistance temperature
detector (RTD)

resistance temperature detector (RTD) is a sensor used to measure temperature - many RTD
elements consist of fine wire wrapped around a ceramic or glass core - wire is a pure material,
typically platinum, nickel, or copper

sensing system & bond
damage

sensing system cannot measure bond damage — feature extraction through signal analysis and

statistical classification is necessary to convert sensing data into failure information

skydrol

hydraulic fluid used in aviation — degradation factor of the composite or composite bond — as|
a result, the strain energy release rate is reduced

strain gauges

most common non—destructive testing (NDT) method

structural health
monitoring (SHM)

structural health monitoring (SHM) is defined as the sensing method to allow the damaging
conditions of a structure to be recorded, analyzed, localized and predicted

surface acoustic wave
(SAW)

surface acoustic wave (SAW) is an acoustic wave traveling along the surface of a material
exhibiting elasticity, with an amplitude that typically decays exponentially with depth into the
material

terahertz (THZ)
technology

most common extended non—destructive testing (NDT) method

thermal degradation

degradation of the composite or composite bond due to the influence of elevated temperature
— as a result, the strain energy release rate is reduced

ultraviolet (UV)
degradation

degradation of the composite or composite bond due to the influence of ultraviolet (UV)

radiation — as a result, the strain energy release rate is reduced

ultrasonic inspection

most common non—destructive testing (NDT) method

vibration based method

most common structural health monitoring (SHM) method

x—ray radioscopy

most common non—destructive testing (NDT) method

weak bonds

possible sources of weak bonds (for composites), i.e. moisture, release agent, fuel, improper]
adhesive curing, etc.




