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1.

3.

3.1

3.1

d A

SCOPE:

This document provides background information on the design, application, repair and inspection of
composite structures, including metal bonding, used on civil transport aircraft. The objective of this
document is to assist inspectors to know where to expect composite and metal bonded parts on the
aircraft, to understand the capabilities of current NDT methods and to aid interpretation of
inspection results.

This document does not contain inspection procedures. It is intended to be informative and should
not be used singularly, that is, it does not override any instructions that may be issued within a
manufacturer's or operator's published documentation.

REFERENCES:
SAE CACRC Glossary AlIR 4844.
DEFINITIONS:
Glossary of Terms Used in Nondestructive Testing of Composites:

Abbreviation in parentheses is a reference to the type of associated test for that term. Methods
and equipment types are detailed fully in Sections 7 and 8.

ACOUSTIC IMPEDANCE: A material property which determines the product of the velocity of
sound in a material and the density of the material; used in determining the reflection
characteristics of interfaces.

AFRP: Aramid fiber reinforced plastic.

AMPLITUDE: The extent of vibratory movement measured from the mean position to an
extreme; the maximum departure of alternating voltage or current from the average value;
indicated by vertical height on an A-scan presentation.

A-SCAN (UT): A data presentation method by which signals are displayed on a screen. As
generally applied to pulse-echo ultrasonics, the horizontal and vertical sweeps are proportional
to time or distance and amplitude or magnitude respectively. Thus the location and magnitude
of acoustical interface are indicated as to depth below the transducer.

ATTENUATION (UT): Loss of energy caused by scattering of the sound beam within a material
or at an interface or an electronic device in or attached to the instrument.
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3.1.2 B:

BACKGROUND NOISE (UT): Extraneous signals caused by signal sources within the
ultrasonic testing system, including the material in test.

BACK REFLECTION (UT): Signal from the far boundary of the test part.

BAGSIDE SURFACE: The side of a composite part which was cured against the vacuum bag.
The bagside surface usually has a slightly rough texture, unlike the smooth toolside surface of
the part.

BAND-PASS FILTER: An electronic circuit which allows flow of signals of a specific frequency
range but suppresses signals outside this range.

BANDWIDTH: The range of a band of different frequencies; the number of hertz between the
maximum frequency of the range and the minimum frequency of the range, usually measured
between points of equal and stated amplitude levels.

BASELINE (UT): The horizontal trace across the A-scan CRT display; represents distance or
time.

BEAM SPREAD (UT): Divergence of a sound beam as it travels through material.
BONDTESTER: An electronic device used for testing the integrity of an adhesive bond.
BOUNDARY ECHO (UT): A reflection of an ultrasonic wave from an interface.
BROAD-BANDED (UT): Having a relatively large bandwidth; used to describe instruments
having an initial pulse with a relatively wide bandwidth and an amplifier with response to a

relatively wide range of frequencies; opposite of narrow-banded or tuned.

B-SCAN (UT): A data presentation method generally, applied to pulse echo techniques which
yields a two dimensional view of a cross-sectional plane through the test piece.

BUBBLER (UT): See WATER DELAY COLUMN.
3.1.3 C:

CALIBRATION: The standardization of the instrument, prior to test, to a known reference
value.

CALIBRATION STANDARD: See REFERENCE STANDARD.

CFRP: Carbon fiber reinforced plastic.
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3.1.3 (Continued):

CHANGEOVER EFFECT (UT): In ultrasonic inspection, when scanning from a good area onto
a delaminated area, the back reflection will reduce in amplitude and will disappear completely
as the delamination signal rises.

COMPRESSIONAL WAVE (UT): Waves in which the particle motion or vibration is in the same
direction as the propagated wave. Same as longitudinal wave.

CONTACT METHOD (UT): The inspection method in which the search unit face makes direct
contact with the test part and ultrasonic energy is transmitted through a thin film of couplant.

CONTACT TESTING (UT): Testing with transducer assembly in direct contact with material
through a thin layer of couplant.

CONTACT TRANSDUCER: A transducer which is coupled to a test surface either directly or
through a thin film of couplant.

CONTRAST, RADIOGRAPHIC (RT): The difference in density between two adjacent image
areas on a radiograph.

CORE CRUSH: A collapse, distortion, or compression of the core.

CORE SPLICE: A joint between two sections of honeycomb core, formed by bonding with
foaming adhesive or crushing the core together to interlock the cells.

COSMETIC IRREGULARITIES: Surface conditions that do not affect the integrity of the
component and require no further action.

COUPLANT (UT): A substance (usually liquid) used between the search unit and test part to
permit or improve transmission of ultrasonic energy into the test part.

CRACK: A discontinuity which has a relatively large cross section in one direction and a small
or negligible cross section when viewed in a direction perpendicular to the first.

CRITICAL SIZE: The established flaw size deemed to be detrimental to the serviceability
criteria of the product. The acceptance/rejection levels established by design engineering
required limits to meet design performance.

CROSS TALK (UT): The signal leakage (acoustical or electrical) across an intended barrier,
such as signal leakage between the transmitting and receiving transducer elements of a dual
search unit.

CRT: Acronym for cathode ray tube.
C-SCAN (UT): A data presentation method generally applied to pulse echo techniques yielding

a two dimensional plan view of the scanned surfaces of the part. Through gating, only echoes
arising from the interior of the test object are indicated.
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314 D:

DAC: Abbreviation for distance amplitude correction; also used to denote electronic distance
amplitude correction on some instruments.

DAMPING: Limiting the duration and/or decreasing the amplitude of vibrations or oscillations in
the motion of a body or in an electrical system subjected to influences which are capable of
causing vibration or oscillation. Compare with attenuation.

DAMPING (UT): Limiting the duration and/or decreasing the amplitude of vibrations, as in
damping of a transducer element; also designates a bond inspection method in which good
bonds are verified by damping ultrasonic energy transmitted to the back surface.

DEAD ZONE (UT): Zone in the test part directly underneath the sound entry surface where
discontinuities cannot be detected; caused by the finite length of the initial pulse, ringing time of
the transducer element, and, or electronic characteristics of the instrument.

DECIBEL: (One tenth of a bel) Logarithmic expression of a ratio of two amplitudes;
abbreviation is dB, dB - 10log1q (A2/A1), where A1 and A2 are amplitudes. (See also SAE

AlR4844)
DEFECT: A discontinuity which interferes with the usefulness of a part.
DELAMINATION: Separation between two plies of a laminate part or subassembly.

DELAY LINE (UT): Material (liquid or solid) placed in front of the search unit to cause a time
delay between the initial pulse and front surface signal.

DELAYED SWEEP (UT): An A-scan or B-scan presentation in which an initial part of the time
scale is not displayed.

DISBOND: Separation of the adhesive bondline between two adhesively bonded parts or
subassemblies.

DISCONTINUITY: An interruption in the normal physical structure or configuration of a part. A
discontinuity may or may not affect the usefulness of a part. See DEFECT.

DRY-COUPLED BONDTESTER: A bondtester which operates on the pitch-catch surface wave
principle. Couplant is not required.

DUAL SEARCH UNIT (UT): A single search unit containing two transducer elements, one used
as a transmitter of ultrasonic energy, the other used as a receiver of ultrasonic energy.

DYNAMIC RANGE (UT): The ratio of maximum to minimum reflective areas that can be
distinguished on the cathode ray tube at a constant gain setting.
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315 E:

EDDY-SONIC (UT, ET): Describes a process in which sonic or ultrasonic energy is produced in
a test part by coil on or near the surface of the test part. The coil is used to produce eddy
currents in the test part. Vibrations in the test part result from the interaction of the magnetic
field from the eddy currents in the test part with the magnetic field of the coil.

EDDY-SONIC BONDTESTER: A dry-coupled bondtester operating on the eddy-sonic principle.
ES: Symbol for the eddy-sonic method of nondestructive testing inspection.

ET: Symbol for the electromagnetic (or eddy current) method of nondestructive testing
inspection.

EVALUATION: The process of deciding as to the severity of the condition after the indication
has been interpreted. Evaluation leads to the decision as to whether the part must be rejected,
salvaged, or may be accepted for use.

EXPOSURE (RT): The product of the X-ray intensity is measured by filament current in
milliamperes and time in seconds or X-rays, or the product of source strength in curies and time
in seconds or minutes for gamma rays.

3.16 F:

FAR FIELD (UT): Sound beam zone in which equal reflectors give signals of exponentially
decreasing amplitude with increasing distance; zone beyond the near field; also known as the
Fraunhofer zone.

FAYING SURFACE: The surface of a piece of metal (or a member) in contact with another to
which it is or is to be joined.

FFD (RT): Film focal distance; distance between film and tube target.

FILTERS: Filters are electrical circuits designed to eliminate various frequencies from a circuit
output or input. Filter may be low pass (high frequencies suppressed), high pass (low
frequencies suppressed), or band pass (frequencies outside a specified range suppressed).

FIR TREE DELAMINATION: Delamination of the CFRP plies, which increase in area at each
successive individual ply boundary.

FLAW: An imperfection in an item or material which may or may not be harmful. See
DISCONTINUITY.

FOCUSED TRANSDUCER (UT): A transducer with a concave face which converges the
acoustic beam to a focal point or line at a definite distance from the face. Also known as a
focused search unit.

FOREIGN MATERIALS: See INCLUSIONS.
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3.1.6 (Continued):

FREQUENCY: Frequency in uniform circular motion or in any periodic motion is the number of
revolutions or cycles completed in unit time. The International Systems of Units expresses
frequency in Hertz (1 Hz = 1 cycle per second).

FREQUENCY (FUNDAMENTAL) (UT): In resonance testing, the frequency at which the
wavelength is twice the thickness of the examined material.

317 G:

GATE (UT): Electronic device to monitor signals in a selected segment of the distance trace on
an A-scan display.

GFRP: Glass fiber reinforced plastic.

GHOST (UT): An indication which has no direct relation to reflected pulses from discontinuities
in the materials being tested.

3.1.8 H:

HALF-WAVE RECTIFICATION: Modification of an ultrasonic signal so that only one half (either
positive or negative-going) of the RF waveform is displayed.

HARMONICS (UT): Those vibrations which are integral multiples of the fundamental
frequency; used in resonance testing.

HASH: Numerous, small indications appearing on the viewing screen of the ultrasonic
instrument indicative of many small inhomogeneities in the material and/or background noise;
also known as grass.

H/C: Acronym for honeycomb.

HEAT-AFFECTED AREA: The area adjacent to the repair which may be affected by the heat
of the heat blanket.

HEAT BLANKET: A fabric blanket interwoven with a heating element, which in thermographic
inspection is used to preheat a component's surface prior to inspection.

HIGH FREQUENCY BONDTESTER (HFBT): Wet-coupled bondtester generally operating at
frequencies above 100 KHz.
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3.1.9

3.1.10 L:

I:
IMPEDANCE (ACOUSTIC): Resistance to flow of ultrasonic energy in a medium. Impedance
is a product of particle velocity and material density.

IMPEDANCE PLANE DISPLAY: A graphical representation of phase and amplitude data,
resulting in a dot location on a screen.

INCLUSION: Foreign materials, such as backing paper or peel ply, which are unintentionally
incorporated in a composite part.

INDICATION: In nondestructive inspection, a response or evidence of a response, that
requires interpretation to determine its significance.

INFRARED THERMOGRAPHY: See THERMOGRAPHY.

INITIAL PULSE (UT): Electrical pulse generated by the ultrasonic instrument; used to excite a
search unit in order to produce ultrasonic energy.

INTERPLY CRACKS: Through-cracking of individual layers within a CFRP layup, perpendicular
to the ply interfaces.

INTERPRETATION: The determination of the cause of an indication or the evaluation of the
significance of discontinuities from the standpoint of whether they are detrimental defects or
superficial blemishes. See EVALUATION.

IR: Abbreviation for infrared. See THERMOGRAPHY.

IR CAMERA: An camera used to view or record temperature differentials during thermographic
testing.

LAMB WAVE (UT): A type of wave which propagates within the thickness of a thin plate; can
only be generated at particular values of angle of incidence, frequency, and plate thickness;
can exist only when the plate is thicker than one wavelength; velocity of the wave is dependent
on the product of plate thickness and frequency.

LONGITUDINAL WAVE (UT): See COMPRESSIONAL WAVE.

LOSS OF BACK REFLECTION (UT): Absence of an indication of the far surface of the article
being inspected.

LOW FREQUENCY BONDTESTER (LFBT): A dry-coupled bondtester generally operating at
frequencies below 100 KHz. See also MIA and EDDY-SONIC.
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3.1.11 M

MANIPULATOR (UT): A device used for orientation of the transducer assembly. As generally
applied to immersion techniques, provides either angular or normal sound wave path.

MATERIAL NOISE: Extraneous signals caused by the structure of the material being tested.

MECHANICAL IMPEDANCE BONDTESTER (MIA): Dry-coupled, single-tipped dual element
transducer probe instrument which operates at 2.5 to 10 KHz.

MIA: Mechanical impedance analyzer. See MECHANICAL IMPEDANCE BONDTESTER.

MODE: The manner in which acoustic energy is propagated through a material as
characterized by the particle motion of the wave.

MODE CONVERSION (UT): Changing from one mode of vibration to another; caused by
refraction at an interface.

3.1.12 N:
NARROW-BANDED (UT): Having a relatively narrow bandwidth; opposite of broad-banded.
NDT/NDI/NDE: All acronyms for nondestructive testing.

NEAR FIELD (UT): The region of the ultrasonic beam adjacent to the search unit, having
complex beam profiles; also known as the Fresnel zone.

NOISE (UT, ET): Any undesired signal that tends to interfere with normal reception or
processing of the desired signal. Origin may be electrical or from small reflectors in a material.

NONDESTRUCTIVE INSPECTION: A method used to check the soundness of a material or a
part without impairing or destroying the serviceability of the part.

NONRELEVANT INDICATIONS: Signals received during an inspection which are not caused
by the flaw or other condition sought.

3.1.13 O:
OEM: Original Equipment Manufacturer. The manufacturer of the airplane being inspected.

OPTIMUM FREQUENCY (ET, UT): That frequency which provides the highest signal-to-noise
ratio obtainable for the detection of an individual property such as conductivity, crack, or
inclusion of the test specimen. Each type of defect in a given material may have its own
optimum frequency.

ORIENTATION: Position of a discontinuity or part or surface in relation to the test surface of
the article or ultrasonic beam.
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3.1.14 P:

PART: A term used to refer to a manufactured article which is being inspected.

PENETRATION (RT): A qualitative term used to describe the degree to which radiation is
capable of passing through a given object. Penetration is usually a function of the applied tube
voltage in X-rays or equivalent voltage in isotope radiography.

PENETRAMETER (RT): A tool used as a means of measuring the sensitivity of radiographic
inspections.

PHASE: In periodic changes of any magnitude varying according to a simple harmonic law (as
ultrasonic vibrations, alternating electric currents, etc.), the point or stage in the period to which
the variation has advanced, considered in its relation to a standard position; can be expressed
in degrees. See PHASE ANGLE.

PHASE ANALYSIS: An instrumentation technique which discriminates between variables in
the test part by the different phase angle changes which these conditions produce in the test
signal.

PHASE ANGLE: The angular equivalent of the time displacement between corresponding
points on two sine waves of the same frequency.

PHASE SHIFT: A change in the phase relationship between two alternating quantities of the
same frequency.

PITCH-CATCH (UT): Used to describe an inspection method in which the ultrasonic energy is
emitted by one transducer element and received by another on the same or adjacent surface.

POROSITY: Small voids in a laminate part caused by trapped air, water vapor, or volatiles
coming out of solution during cure. Porosity is common in repaired laminate material.

POTTING: A resin mixture poured into honeycomb cell cavities to create a solid area. Potting
is used to repair damaged core cells or to create strong points for fasteners.

PROBE (UT): A generic term for the hand-held sensi'ng unit of a bondtester or ultrasonic
instrument.

PROPAGATION: Advancement of a wave through a medium.
PULSE (UT): A series of vibrations or oscillations having a brief duration.

PULSE-ECHO METHOD (UT): An inspection method in which the presence and position of a
discontinuity is indicated by the echo amplitude and time position; also designates a method of
inspecting bonded honeycomb structures by monitoring the echoes from the far side of the
core.
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3.1.14 (Continued):

PULSE LENGTH (UT): A measure of the duration of a pulse, expressed in time or number of
cycles.

3.1.15 R:

RADIATION (RT): The propagation of energy through matter or space in the form of waves.
In atomic physics the term has been extended to include fast-moving particles (alpha and beta
rays, free neutrons, etc.). Gamma rays and X-rays, of particular interest in atomic physics,
are electromagnetic radiation in which energy is propagated in packets called photons.

RADIOGRAPH (RT): A permanent visible image on a recording medium (usually film)
produced by penetrating radiation passing through the material being tested.

RADIOGRAPHIC INSPECTION (RT): The use of X-rays or nuclear radiation or both to detect
discontinuities in material, and to present their images on a recording medium.

RADIOGRAPHIC INTERPRETATION (RT): The identification of subsurface discontinuities
indicated on the radiograph. The evaluation as to the acceptability or rejectability of the
material is based upon the judicious application of the radiographic specifications and
standards governing the material.

RADIOGRAPHIC TECHNIQUE (RT): The selection of those radiographic factors such as
kilovoltage, milliamperage, type of film and screen, distance, and exposure time as to render
the best possible radiographic sensitivity.

RADIOGRAPHY (RT): A nondestructive testing method wherein a source of X-rays or gamma
rays, is utilized to indicate the subsurface condition of opaque materials. A permanent record
of the soundness characteristics is generally made on a specially prepared film called the
radiograph.

RANGE (UT): The maximum ultrasonic path length that can be displayed; see SWEEP.
RAYLEIGH WAVE (UT): See SURFACE WAVE.

REAL-TIME: Any measurement or inspection in real time is one that can be interpreted as it is
happening. See also SAE AIR4844 reference.

RECEIVER (UT): Search unit or transducer element, used to receive ultrasonic energy from a
test part.

REFERENCE STANDARD: A piece of material, part, or piece from a part, containing an
artificial discontinuity of known size; provides a means of producing a reflection of known
characteristics; used to establish a measurement scale.
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3.1.15 (Continued):

REFLECTION (UT): An indication which has arisen as a result of an incident sound beam
returning from the boundary of two materials of dissimilar acoustic impedance.

REFLECTOR (UT): An interface at which an ultrasonic beam reflects.

REFRACTION (UT): Change in direction of an ultrasonic beam as it passes obliquely through
the interface between two materials with different acoustic velocity.

REJECT (SUPPRESSION) (UT): A control used for minimizing or eliminating low amplitude
signals (electrical or material "noise") so that larger signals are emphasized. Use of this
control can reduce the vertical linearity of the amplifier.

REJECTION LEVEL (UT): The setting of the signal level above or below which all parts are
rejectable as, in an automatic system, at which objectionable parts will actuate the reject
mechanism of the system.

REPETITION RATE (UT): The rate at which the individual pulses of acoustic energy are
generated.

RESOLUTION, DEFECT: A property of a test system that enables the separation of
indications due to defects in a test specimen that are located in close proximity to each other.

RESONANCE (UT): The condition in which the frequency of the forced vibration (ultrasonic
wave) is the same as the natural frequency of the body (test piece) which results in abnormally
large amplitudes of vibration.

RESONANCE/IMPEDANCE BONDTESTER: See WET-COUPLED BONDTESTER.

RF DISPLAY (UT): A CRT signal display which is not rectified. Displayed signals are both
above and below the sweep or baseline.

RINGING METHOD (UT): A bonded structure inspection method in which unbonds are
indicated by increased amplitude ringing signals.

RINGING SIGNALS (UT): Closely spaced multiple signals can be caused by multiple
reflections in a thin material or continued vibration of a transducer element.

RINGING TIME (UT): The time that the mechanical vibrations of a transducer element
continue after the electrical pulse has stopped.

ROUGHNESS: Relatively finely spaced surface irregularities, the height, width and direction of
which establish the predominant surface pattern. See BAGSIDE SURFACE.

RT: Symbol for the radiographic method of nondestructive testing inspection.

RUPTURE: A sudden cleavage or break resulting from physical stress.
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3.1.16 S:

SEARCH UNIT (UT): A device for generating and/or receiving ultrasonic energy; may contain
one or more transducer element or, in the case of the Harmonic Bondtester, a microphone and
coil.

SEPTUM: Adhesive and prepreg (or a metal sheet) cured between two pieces of core.

SHEAR WAVE (UT): A type of wave in which the particle motion is perpendicular to the
direction of propagation.

SINGLE SEARCH UNIT (UT): A transducer or transducers contained within one element.
SHOE (UT): Device used to adapt a straight beam search unit for use in a specific type of
inspection such as inspection of a curved surface, angle beam or surface wave inspection,
inspection around a fastener hole, etc.

SIGNAL (UT): Vertical deflection from the baseline on an A-scan.

SIGNAL-TO-NOISE RATIO (UT): The ratio of the signal from the variable of interest to signals
from variables which are of no interest.

SOURCE (RT): The origin of radiation; an X-ray tube or radioisotope.

SOURCE-FILM DISTANCE (SFD) (RT): The distance between the focal spot of an X-ray tube
or radiation source and the film; generally expressed in inches.

SQUIRTER SYSTEM: An ultrasonic scan system, usually through-transmission, where sound
is coupled to the part through water jets.

SRM: Structural Repair Manual provided by aircraft manufacturers.

STANDARD: A reference used as a basis for comparison or calibration. See REFERENCE
STANDARD.

STEP WEDGE: A reference standard used to calibrate an ultrasonic instrument to accurately
display the depth of a flaw or surface. The step wedge must be made of material acoustically
similar to that being inspected.

STEPPED WEDGE: A device which is used, with appropriate penetrameters on each step, for
the inspection of parts having great variations in thickness or a complex geometry.

STRAIGHT BEAM (UT): A vibrating pulse wave train traveling normal to the test surface.
STRUCTURAL DAMAGE: Damage that may affect the structural integrity. In which case a

more detailed inspection is necessary to determine the extent of the damage and to assess
acceptance or repair actions.
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3.1.16 (Continued):

SUBSTRATE: A material upon the surface of which an adhesive or resin is spread for any
purpose such as bonding or coating.

SURFACE WAVE (UT): A type of wave in which the molecules vibrate in an elliptical motion to
a depth of one wavelength in the carrier material.

SWEEP (UT): The uniform and repeated movement of an electron beam across the CRT.
See RANGE.

SWEEP DELAY (UT): See DELAYED SWEEP. A delay in time, after the initial pulse, of
starting the sweep presentation; also used to denote the control used for adjusting the time of
starting the sweep presentation.

3117 T:

TAP TEST: The practice of tapping a part with a solid object and listening for acoustic
changes which may indicate flaws.

TEST SURFACE (UT): The test part surface through which the ultrasonic energy used for
inspection initially enters the test part.

THERMOGRAPHIC INSPECTION: A method of optically viewing the temperature distribution
on skins or components, by the measurement of the radiation produced at infrared
wavelengths. :

THERMOGRAPHY: An inspection method which remotely detects surface temperature
variations. Can be used for fluid ingression detection on nonmetallic composite parts.

THRESHOLD: The minimum signal amplitude necessary to trigger an electronic alarm.

THROUGH TRANSMISSION METHOD (UT): An inspection method in which ultrasonic
energy is generated by one search unit and received by another at the opposite surface of the
test part.

TOOLSIDE SURFACE: The side of a composite part which was positioned against the tool
during cure. The toolside surface is smooth, unlike the bagside surface.

TRANSDUCER (UT): An electro-acoustical device for converting electrical energy into
acoustical energy and vice versa.

TRANSFER: Compensation for differences in signal amplitude from equivalent reflectors in a
test part and the reference standard used in an inspection.

TRANSMITTER (UT): Search unit or transducer element, used to generate ultrasonic energy
to be transmitted into a test part.
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3.1.17 (Continued):
TTU: Acronym for through transmission ultrasonics.

TWO-FILM TECHNIQUE (RT): A procedure wherein two films of different relative speeds are
used simultaneously to radiograph both the thick and the thin sections of an item.

3.1.18 U:

ULTRASONIC (UT): Pertaining to mechanical vibrations having a frequency greater than
~ approximately 20,000 Hz.

UT: Symbol for the ultrasonic method of nondestructive testing inspection.
3.1.19 V:

VELOCITY (UT): The distance an ultrasonic wave travels in unit time.

VOID: Discontinuities in which there is a physical separation between opposite walls.
3.1.20 W:

WATER DELAY COLUMN (UT): A hollow column, filled with water and attached to a search
unit; causes a time delay between the initial pulse and front surface signal.

WATER PATH (UT): In immersion inspection or inspection using a water column delay, the
distance from the search unit face to the test part front surface.

WAVELENGTH: The distance between two corresponding points of the periodic pattern of
particle motion which is a characteristic of ultrasonic energy propagation.

WAVE TRAIN (UT): Succession of ultrasonic waves arising from the same source, having the
same characteristics, and propagating along the same path.

WET-COUPLED BONDTESTER: A bondtester which operates on the resonance/impedance
principle, generally at frequencies above 100 KHz. Requires a liquid couplant.

WHEEL SEARCH UNIT (UT): Ultrasonic device which couples ultrasonic energy to a test part
through the rolling contact area of a wheel containing a liquid and one or more transducer
elements.

3.1.21 Xt

X-RAYS (RT): A form of radiant energy resulting from the bombardment of a suitable target
by electrons produced in a vacuum by the application of high voltages. X-rays have

wavelengths between 10 -11 ¢cm and 10 -6 cm.
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3.1.22 Y:

YOKE (UT): A "C" shaped transducer holder used to align transducers during through
transmission testing.

4. DESIGN OF COMPOSITE STRUCTURES:

In general, the construction of composite parts falls into two main groups: (1) Honeycomb
Sandwich Construction, for lightweight structures designed to meet stiffness requirements
(Figure 1) and, (2) Monolithic structures with complex loading similar to metallic designs (Figure 2).

4.1 Honeycomb Sandwich Construction:

This construction consists of a honeycomb core, normally fabricated from phenolic impregnated
aramid fibre paper, glass fiber or, on some parts, aluminum alloy or graphite core may be used.
This core is sandwiched between two facing skins of metallic or nonmetallic material and bonded
to them using a structural adhesive. In the bonding process, the material is cured under elevated
pressure and temperature in either an autoclave or using vacuum bags and heating blankets.

The spars and end ribs or caps may also be constructed from metallic or nonmetallic materials.
These may then be bonded or mechanically fastened to the assembly. An exploded illustration of
a typical construction layup is shown in Figure 1.

4.2 Monolithic Construction:

This construction consists of solid layers of metallic or nonmetallic materials bonded together to
form a single component. The parts may be co-cured as one unit, again at elevated pressure
and temperature, or may be manufactured separately and each part subsequently attached to
one another by bonding or with mechanical fasteners.

4.3 Fiber Reinforced Plastic Materials:

Fiber material may be in one of two forms, tape or fabric, depending on the design and
production requirements for the part.

TAPE material consists of unidirectional fibers which may be laid up as a series of unidirectional
sheets or as a series of sheets where the fibers have opposing directions. It can also be wound
around a mandrel and cured to form a tubular part. The choice of layup depends on the load
bearing requirements of the part. Additionally, tape may be used as a directional reinforcement in
fabric laminates. Tape material has better load carrying capability than fabric material and
provides more freedom in designing parts with minimum weight. Highly loaded structures are
typically constructed with tape material.
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TRAILING EDGE MEMBER

HONEYCOMB
CORE

HINGE ATTACHMENTS

THERE ARE TWO TYPES OF SANDWICH DESIGN:

TYPE 1: FULL DEPTH HONEYCOMB

FIGURE 1 - Typical Honeycomb Construction

SKINS
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TRAILING EDGE MEMBER
\

HINGE ATTACHMENTS —— @ FRONT SPAR

FIGURE 2 - Typical Monolithic Construction
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4.3 (Continued):

FABRIC material consists of multidirectional fibers and is used as an alternative to tape for
structures that are not as highly loaded. Production requirements for fabric material are less
demanding, resulting in time savings during lamination. Fabric material may also provide
improved resistance to impact damage.

Both types of material are usually supplied in a pre-impregnated (prepreg) form, where the fibers
are already supported in an epoxy type resin, ready to be used. Prepreg material eliminates the
need for separate application of an epoxy resin and also results in a more uniform distribution of
resin after curing. The weakest part of a laminate is the bonding between layers, where only the
resin carries the shear loads. This material property is responsible for the limited ability of a
laminate to withstand impact loads and causes restrictions for some machining processes.
Normal machining operations (sawing, drilling, etc.) can typically be used providing specific
tooling requirements are followed. For fabrication with both tape and fabric, the thickness of the
finished part may be uniform or may have many cross sectional thickness changes.

5. COMPOSITE STRUCTURE APPLICATIONS:
5.1 OEM Design Details:
The following are examples of composite applications on several manufacturers aircraft.
CAUTION: The following figures are provided only as examples and may not accurately
represent the composite applications on a particular aircraft. These figures should
not be used as reference when making repairs.
For complete details of each part on a particular aircraft type, it is essential for the
user to refer to the Structural Repair Manual (SRM) related to the aircraft or to
consult with the manufacturer.

5.2 Avion de Transport Regional Parts (see Figures 3 & 4):

ATR-72
ATR-42

5.3 Aerospatiale/British Aerospace Parts (see Figure 5)
CONCORDE

5.4 Airbus Industrie Parts (see Figures 6 through 9):
AIRBUS A310-300
AIRBUS A321

AIRBUS A330
AIRBUS A340
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5.5

5.6

5.7

5.8

5.9

Boeing Aircraft Parts (see Figures 10 through 17):

BOEING 707-ALL
BOEING 727-100/200
BOEING 737-100/200
BOEING 737-300/400/500
BOEING 747-400
BOEING 757-200
BOEING 767-300
BOEING 777

De Havilland (see Figure 18):

DE HAVILLAND DASH-8

Douglas Aircraft Parts (see Figures 19 through 22):
DOUGLAS DC-9

DOUGLAS DC-10

DOUGLAS MD-11

DOUGLAS MD-90

Fokker Aircraft Parts (see Figures 23 and 24):

FOKKER 50
FOKKER 100

Saab (see Figures 25 and 26):

SAAB 340
SAAB 2000
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