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(R) Guidelines for Repair Process Evaluation of Aluminum Bonded Structure

RATIONALE

This document is intended to satisfy the need for a checklist of best practices in implementation of tooling, process steps,
and quality controls that help to make sure that a previously substantiated repair design and process requirements are met.
This revision adds an appendix of critical processes. The appendix for reporting temperature and pressure has been
removed and incorporated into other documents.
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1. SCOPE

This SAE Aerospace Information Report (AIR) is intended to be used as a process verification guide for evaluating
implementation of key factors in repair of metal bond parts or assemblies in a repair shop environment. This guide is to be
used in conjunction with a regulatory approved and substantiated repair and is intended to promote consistency
and reliability.

1.1 Purpose

This SAE Aerospace Information Report (AIR) is intended to be used as a guide for regulatory and Customer personnel
during the evaluation process of a substantiated repair submitted to the aforementioned parties by a repair station acting
on behalf of a Customer to carry out a repair to aluminum bonded structure. This AIR is also intended to be used as a
supplement to AS7118 during an audit to evaluate repair station processes.

This document may be used as a reference for a Customer to understand some key considerations that should be taken
into account during the repair process. This document is intended for shop level repairs; however, all of the procedures
given within this document can also be used to evaluate repairs accomplished on-wing. This document is NOT intended to
be a design handbook for repair stations that wish to substantiate repairs that extend beyond the size limits or deviate from
the repair instructions of an OEM approved repair manual, such as a CMM, SRM, AMM, etc.

2. APPLICABLE DOCUMENTS

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes precedence.
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS-STD-401 Sandwich Constructions and Core Materials: General Test Methods

AIR4844 Composites and Metal Bonding Glossary

AIR4938 Composite and Bonded Structure Technician/Specialist Training Document

AIR5278 Composite and Bonded Structure Engineers: Training Document

AIR5431 Repair Tooling

AIR6292 Guidelines for Repair Process Evaluation of Fiber Reinforced Composite Bonded Structure
AIR6825 Identification and Assessment of Damage to Composite Aircraft Structures Training Document
ARP4916 Masking and Cleaning of Epoxy and Polyester Matrix Thermosetting Composite Materials
ARP5089 Composite Repair NDT/NDI Handbook

ARP5143 Vacuum Bagging of Thermosetting Composite and Metalbond Repairs

ARP5144 Heat Application for Thermosetting Resin Curing

ARP5256 Mixing Resins, Adhesives, and Potting Compounds
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AS7118/2 Nadcap Requirements for Metal Bonding
AS7118/3 Nadcap Requirements for Core Processing

Armstrong, K.B., Cole, W., and Bevan, G. (2005). Care and Repair of Advanced Composites, Second Edition (ISBN 978-0-
7680-1062-6). SAE International. https://doi.org/10.4271/R-336.

2.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org

ASTM C297  Standard Test Method for Flatwise Tensile Strength of Sandwich Constructions

ASTM D1002 Standard Test Method for Apparent Shear Strength of Single Lap Joint Adhesively Bonded Metal
Specimens by Tension Loading (Metal to Metal)

ASTM D1781 Standard Test Method for Climbing Drum Peel for Adhesives
ASTM D3167 Standard Test Method for Floating Roller Peel Resistance of Adhesives
ASTM D3762 Standard Test Method for Adhesive-Bonded Surface Durability of Aluminum (Wedge Test)

ASTM D3933 Standard Guide for Preparation of Aluminum Surfaces for Structural Adhesives Bonding (Phosphoric Acid
Anodizing)

2.3 EASA Publications

Available from European Union Aviation Safety Agency, Konrad-Adenauer-Ufer 3, D-50668 Cologne, Germany,
Tel: +49 221 8999 000, www.easa.europa.eu.

AMC 20-29 Composite Aircraft Structure
2.4 FAA Publications

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591,
Tel: 866-835-5322, www.faa.gov.

AC 20-107 Composite Aircraft Structure
AC 43-214 Repairs and Alterations to Composite and Bonded Aircraft Structure
2.5 PRI Publications

Available from Performance Review Institute, 161 Thorn Hill Road, Warrendale, PA 15086-7527, Tel: 724-772-1616,
WWW.p-r-i.0rg.

AC7108/3 Audit Criteria for Metal Bond Surface Preparation
2.6 U.S. Government Publications

Copies of these documents are available online at https://quicksearch.dla.mil.

MIL-C-7438 Core Material, Aluminum, for Sandwich Construction
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2.7 Other Publications

Factors Influencing Durability of Sol-Gel Surface Treatments in Metal Bonded Structures [Conference paper]. SAMPE 2002,
Long Beach, CA, USA.

Stancin, L.C. and Van Voast, P.J. Metal Bond Repairs: The Impact of Vacuum Level, Adhesive Type, and Repair Size.
Boeing Commercial Airplanes.

3. DEFINITIONS

Refer to AIR4844 for a more complete composite and metal bonding glossary. New terms that appear in this document are
defined below:

AJ: Assembly Jig. When assembiling fittings, leading edge skins, latches, or any other part that requires alignment to a
theoretical datum, such as a hinge axis or a contour line, an AJ may be necessary equipment during accomplishment of
a repair.

AMM: Aircraft Maintenance Manual provided by aircraft manufacturers. Sometimes referred to as “MM” or “OEM MM.”

ASM: Assembly Mandrel. An ASM is any intermediate tool used during original manufacture or during repair to structure
that does not have critical effect on the integrity of the final assembly or any of its subcomponent details. It is sometimes
necessary to use a lightweight tool that is neither dimensionally controlled nor dimension tolerance critical. Sometimes
referred to as a “shop aid.”

BACKING MATERIAL: Material used to support and protect film adhesives and prepreg during storage and kitting prior to
layup. Backing materials may be release-coated paper products or plastic films. Backing materials provide a barrier to
prevent the adhesive and prepreg from adhering to itself during storage and protect and support the adhesive and prepreg
during handling. Also known as backing paper, backing film, separator sheet, carrier sheet, or release film.

BAJ: Bonded Assembly Jig. Tooling used to define and/or maintain appropriate contour of the part being manufactured or
repaired during high pressure and temperature cycles (autoclave or vacuum-assisted oven cure).

CAA: Chromic Acid Anodize.

CCA: Controlled Contamination Area. An area that ensures levels of dirt, dust, oils, lubricants, and other containments are
controlled for acceptable structural bonding. It may also be referred to as a “clean room” in a shop or factory environment.

CMM: Component Maintenance Manual. Document that details the way in which maintenance tasks shall be accomplished
for a specific component. Sometimes referred to as “MM” or “OEM MM.”

CUSTOMER: The Customer may be an owner or an operator of the airplane, or the Customer may be a holder of a spare
component. When the component is being repaired at an outside maintenance facility, the Customer is responsible for
regulatory oversight of the repair station. A repair station must have a regulatory approved certificate. Repairs are approved
and coordinated with the OEM or submitted to the regulatory agency whenever repairs are accomplished outside of an
OEM-provided repair documentation (i.e., CMM, SRM, or AMM).

ENGINEERING: Organizations or individuals responsible for providing part-specific repair documentation and all other
supporting documentation, such as material and process specification, tool design, inspection criteria, etc. Engineering
departments at airlines also have the responsibility to determine acceptability of repair documents and of repaired parts to
ensure there is no conflict with the airline’s maintenance program, configuration, reliability program, and interactions with
systems. Engineering is responsible to coordinate with OEMs, Regulatory Authorities, or other experts when repairs are
outside their area of expertise and/or previous experience. Engineering has the responsibility to make sure that the repair,
as correctly implemented, satisfies all regulations for airworthiness.

FAI: First Article Inspection. A planned, complete, independent, and documented inspection of the first viable part and
verification process to ensure that prescribed processes have produced an item conforming to engineering requirements.
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FCS: Fatigue Critical Structure. Airplane structure that is susceptible to fatigue cracking, which could contribute to a
catastrophic failure. Also includes both FCBS (Fatigue Critical Baseline Structure) as defined by the OEM and FCAS
(Fatigue Critical Altered Structure) as defined by the operator.

MM: AMM or CMM.

NDI: Nondestructive Inspection. Instrumented inspection techniques that do not require personnel qualification and
certification in accordance with applicable technical standards for nondestructive testing personnel. Examples include tap
test, automated tap test, and handheld “go-no-go” ultrasonic instruments.

NDT: Nondestructive Testing. Instrumented inspection techniques that require personnel qualification and certification in
accordance with accepted standards for nondestructive testing personnel and that is not being considered as nondestructive
inspection (NDI). Examples include handheld PE, TTU, X-ray, thermography, eddy current, and Fourier-transform infrared
spectroscopy (FTIR).

NHA: Next Higher Assembly.

NTM: Nondestructive Testing Manual.

OEM: Original Equipment Manufacturer.

OML: Outer Mold Line.

PAA: Phosphoric Acid Anodize.

PE: Pulse Echo. Ultrasonic inspection technique where signal is transmitted and received by the same transducer.

PSA: Phosphoric Sulfuric Acid Anodize.

PSE: Principal Structural Element. An element that contributes significantly to the carrying of flight, ground, or pressurization
loads and whose integrity is essential in maintaining the overall integrity of the airplane. PSE structures are defined as such
by the OEM.

QUALIFIED BONDING PROCESS: The characterization and control of specific parameters used when surface preparation
is required to at least one of the structural interfaces prior to bonding. A Qualified Bonding Process is documented after
demonstrating repeatable and reliable processing steps. A Qualified Bonding Process entails both development and
documentation of the process and demonstration that the process can be executed by the user. Refer to AC 20-107B and

AMC 20-29, paragraph 6c¢ for guidance.

QUALIFIED BONDING SYSTEM: The specific combination of substrate, adhesive, type of surface preparation, and cure
parameters controlled and validated under a Qualified Bonding Process.

QUALITY: Organizations or individuals responsible for either Quality Assurance (QA) and/or Quality Control (QC) functions.

QA functions typically make sure systems and procedures are in place to ensure all organizations perform as required by
documents and policies. QA functions are responsible for making sure documents are up to date, repair technicians are
current on training, and equipment is calibrated. QA functions are also responsible for identifying any corrective action that
may be required if a defect is identified during a repair.

QC functions are responsible for testing and inspection of products to make sure that the products meet the requirements
of the Repair Document. QC checks for defects during the manufacture or repair process. QC methods may include
controlled tooling, jigs, NDT, raw material controls, training, qualifications, etc. Quality has the responsibility to make sure
that the repair is correctly implemented to meet airworthiness requirements.
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REPAIR DOCUMENT: An engineering repair authority that has been approved by the Customer to perform work on a
specific part or assembly. An SRM provided by a Customer to a repair station is an example of a Repair Document, as is
any other regulatory approved engineering data listed as an approved manual or manual supplement that is maintained by
the Customer in accordance with its regulatory approved Operations Specification. A Repair Document may include
references to other external documents or specifications that control processes, materials, shop practices, etc. Comply with
all external specification references, which are considered part of the Repair Document.

SDR: Service Difficulty Report.
SRM: Structural Repair Manual.
SSI: Structural Significant Item, as determined by the OEM.

TATS: Time and Temperature Sensitive. Materials such a primer and film adhesive that are sensitive to both time and
temperature.

THERMAL PROFILE: A set of time-temperature data typically associated with the measurement and control of temperatures
on the part and/or repair during the cure cycle.

THERMOCOUPLE PLACEMENT DIAGRAM: A sketch or graphic that identifies each thermocouple wire on a particular
area or heat zone of the repair.

TTU: Through Transmission Ultrasonics. Ultrasonic inspection technique where signal is transmitted and received by
transducers on opposite sides of the part.

4. GENERAL
4.1 Overview

The following sections define the damage evaluation, preparation, repair, post-repair evaluation, and finishing steps that
should occur for any repair to aluminum bonded structure. The procedures contained within this section follow the guidelines
and recommendations in AC 43-214. Examples, figures, and best practices are incorporated in each of the sections to
illustrate the intent of the step being described. It is not possible to include illustrations that demonstrate each type of
consideration that should be made for each step that is described.

A companion document, AIR6292, contains process flows and key process steps for fiber reinforced composite repair.
Processes and key process steps in AIR6292 may be applicable to fiber reinforced composite repair and is referenced in
this document where appropriate.

This document is complementary to the technical assessments specified in Nadcap AC7108/3, which is available from the
Performance Review Institute (PRI). The Nadcap document is used by OEMs primarily for manufacturing audits. Contents
are applicable to the repair process.

4.2 Process Flows
421 Process Flows Overview

The flowchart figures included in this document are intended to show an overview of all steps that should occur during
accomplishment of a repair to aluminum bonded structure. Detailed descriptions of each step are referenced within the
process flow diagrams. Indications have been made beside each step as to which type of personnel may be needed, as a
resource, to complete each task. These indications are not intended to be requirements; however, it is intended to provide
assistance in resource planning to facilitate the process flow. Different repair stations may vary in how their organization
distributes responsibility; therefore, adherence to any particular designation shown in the following may not match each
organization’s structure.
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4.2.2 Process Flows Role of Quality Personnel

Whenever process flow diagrams indicate that quality personnel be utilized, quality checks should be accomplished by an
individual who is different from the party who is directly responsible for accomplishing the repair. This will assure that an
independent source will verify conformance to approved materials and processes. Quality check personnel should be
knowledgeable about the materials and processes being implemented.

4.2.3 Roles and Responsibility Indicator

Indications have been made beside each step as to which type of personnel may be needed, as a resource, to complete
each task (see Figure 1). These indications are not intended to be requirements; however, it is intended to aid in resource
planning to facilitate the process flow. Different repair stations may vary in how their organization distributes responsibility;
therefore, adherence to any particular designation shown in the following process flowcharts may not match each
organization’s structure.

General Mechanic / Shop Technician.

M
II' Inspector / NDT Technician
. Job-Specific Trained Mechanic / Specialist
Q

Shop Inspector / QA / Management

P Purchasing / Supply Chain / Logistics

Figure 1 - Role indicator key for major flowchart sections
4.3 Preparation Steps Prior to Repair Accomplishment
The following section recommends steps for the identification, removal, and preparation of a repair part. This section
includes the procedures to make sure adequate facilities carry out a metal bond repair. Preparation steps must be followed

prior to accomplishing the repair in order to validate the repair procedure. The flowchart (see Figure 2) is intended for initial
planning purposes.
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Figure 2 - Repair preparation decision flow

4.3.1 Identify the Part and Obtain Source Documentation

a. ldentify the damaged structure by part number and corresponding limitations for repair as specified in authorized source
documentation, such as the OEM SRM. Make sure that the manual(s) being used to identify the part has been supplied
by the Customer and is applicable for the aircraft serial number. If working on a top level assembly that is already
removed from the aircraft, make sure that the manual is applicable to the part number and serial number of the next
higher assembly (NHA) component for which the damage is identified.
1. Identify previous repairs that may affect repair disposition of the part to be repaired.

2. Ifno manual is available that is adequate enough to identify the damaged component, contact the OEM and request
guidance on proper identification of the structure that is being assessed.
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3. The manuals or OEM data should include the following:
(a) Inspection procedures needed to disposition damage.
(b) Allowable damage and repair size limits.
(c) Repair designs and processes for the specified damage sizes and locations described for a given structure.

NOTE: It is a regulatory requirement that component maintenance and repair manuals and data match the
component part number.

4.3.2 Determine if the Part Requires Removal

a. Determine if the damaged structure should be removed from the aircraft before proceeding with any damage removal
or repair procedures. For the repair, the damaged structure might need to be removed from the higher assembly (e.g.,
skin panel from a trailing edge wedge, control surface, or flap) or lower-level parts might need to be removed from
structure (e.g., fittings, seals). See Figure 3. Considerations that may drive the decision to remove the structure from
the aircraft include, but are not limited to, the following:

Begin: Part
Removal
Determination

Is access
required to backside
or inaccessible areas?
4.3.2.A.(1)

adjacent structure

not conducive to
uniform heat build up /
cool down?
4.3.2.A.(2)

adjacent structure
sensitive to elevated
temperatures?
4.3.2.A.(3)

Yes Yes Yes

Remove Part
From NHA

Remove Part
From NHA

Remove Part
From NHA

Is
it possible to
maintain cleanliness
and environmental
conditions,?
4.3.2.A.(6)

Is it
possible to apply
required chemical
treatments?
4.3.2.A.(5)

Is it
possible to achieve
vacuum for repair?
4.3.2.A.(4)

No No No

Remove Part Remove Part Remove Part
From NHA From NHA From NHA

Part may

Remain on
NHA

Figure 3 - Part removal decision flow DOC um ents
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1. Access is required to areas that are inaccessible in the current situation to embody a repair or would encumber the
repair technician’s ability to perform all repair steps accurately to the required standard. For example, repairs may
require access to the backside, which might not be achievable with the damaged component installed. Removing
the part from the next higher assembly can provide the required access. Similarly, fittings close to the damage may
need to be removed if the repair will extend beneath the footprint of the fitting.

NOTE: Consider the complete repair process, including layup and vacuum bagging, when evaluating accessibility.
Bagging and heating equipment could make limited space available; therefore, it is important to understand
later steps with regard to space requirements.

2. Adjacent structure would not be conducive to uniform heat-up/cooldown rates during an elevated temperature repair
cure cycle. An example of this might be performing a hot bond repair to a thin sandwich panel or plate that is
adjacent to a large thermal mass, which acts as a heat sink.

NOTE: Ribs, fittings, and heavy underlying structure are often fastened to bonded structure and can have
significant local thermal heat absorption differences during elevated temperature repair. These types of
structure often are not a part of the original bonded assembly per the OEM production drawings, which can
be helpful in determining if these types of structure should be removed before attempting an elevated
temperature repair cure. See Figure 4 for an illustrated example.

[

Figure 4 - Thermal image demonstrates how a metallic fitting acts as a heat sink

Thermal imaging can determine areas difficult to heat beforehand. Figure 4 shows a thermal image of a spoiler that has
been heated in an oven. After taken out of the oven, the fittings cool at a slower rate than thin composite structure. In
the image, the temperature near the fitting is above 60 °C while the structure further away has cooled significantly. This
is the reverse of what could happen during the cure cycle in a repair, whereby heat is absorbed by the fitting and the

cure temperature might not be reached. DOCU ments
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3. Adjacent structure may not be rated at temperatures in the range of an elevated temperature repair cure cycle.
Examples include fittings, sealants, or greases that may be damaged if exposed to temperatures beyond that
allowed by a Customer-supplied maintenance manual.

NOTE 1:  As an example, itis common for some assemblies, such as flight controls, to have independent leading
edge structure that is attached to a bonded assembly. These leading edge elements can have fittings
containing seals, greased bearings, alloys that are not intended to see exposure to elevated
temperatures, finishes, such as paints, primers and other corrosion inhibiting agents that could each
be compromised if subjected to high heat. These types of items should be carefully considered before
using an elevated repair cure. See Figure 5 for additional detail.

Overheating the sealant
between the fitting and the
spar will cause failure of the
sealant, which can promote
corrosion

Figure 5 - Fitting bolted and sealed on the wedge after wedge manufacture
NOTE 2:  Sealant can fail when heated above maximum permitted temperature.

A fitting (green primer) is bolted on the part (yellow tinted primer). It is likely that the sealant between the part at the
fitting cannot withstand the elevated temperature needed to cure a repair. Degradation may not change the appearance
or be detectable. Therefore, the fitting must be removed and reinstalled with new sealant after the repair.

4. It may not be possible to adequately apply a vacuum bag that provides the minimum required maintenance manual
vacuum pressure and accepted leak rates for a vacuum-assisted repair cure. The following provides examples
where disassembly is required to install a vacuum bag to reduce risk of pressure loss during cure:

(a) It can be difficult to maintain vacuum for bonded panels that are attached to other structure if the damage is
close enough to a joint that requires that the vacuum bag bridge across two separate ass%'esuments
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(b) It is important to assess the likelihood that an adjacent structure could be subjected to crushing if further
disassembly is not accomplished prior to a vacuum bag step.

(c) An assessment should be made on any potential bagging hazards, such as bridging, fastener heads, and sharp
or irregularly shaped underlying structure/inserts, to make sure that the bag does not break during cure.

(d) If the original construction is comprised of two sandwich panels that are attached to each other, with air cavities
between the two panels, do not bag both panels in one bag, i.e., envelope bagging, to prevent crushing of the
two panels. The damaged panel needs to be removed from the assembly.

5. It may not be possible to apply any chemical treatments required by the approved repair data for restoring bond
surfaces for structural bonding.

(a) A repair technician can often be tasked with accomplishing surface preparation steps critical to the structural
repair bonding where space is limited or access is ergonomically difficult.

CAUTION: The strength of a repair cannot be assured when critical steps in the process are done poorly due to
access, ergonomics, or insufficient lighting.

(b) The ability to properly mask adjacent structure is important when applying any chemicals that are designed to
chemically treat the existing base metal to prepare a surface for bonding. Having chemical agents seep between
two structures during this process can have adverse effects on corrosion initiation or other considerations, such
as damaging protective coatings.

6. It may not be possible to maintain maintenance manual required cleanliness, humidity, temperature, or other
environmental requirements.

4.3.3 Assess the Damage

a. Identify any previous/existing repairs to the structure being assessed. The proximity of an existing repair to current
damage may be relevant in later steps when repair options are considered. The materials and procedures that were
used to accomplish the previous repairs must be understood in case these details need to be coordinated with
Engineering, the OEM, and/or the Customer.

NOTE: It may be necessary to coordinate with the Customer to obtain historical information regarding the
previous/existing repairs that are being assessed.

b. Using maintenance manual(s) and other approved data, determine the damage assessment procedures and make sure
that these procedures are applicable to the part number and specific structural elements that are damaged. If removal
of the structure from the aircraft or from any NHA will be required or anticipated, make sure that all applicable
Customer-supplied maintenance manuals are in hand to accomplish these procedures before proceeding to the
next steps.

c. If there are any specific tools or equipment that will be required to perform any removal procedures, procure these in
advance before proceeding to the next steps. Examples might include shoring equipment, holding fixtures/slings,
overhead cranes, jacks, alignment fixtures, or any other equipment that is nonstandard for performing general
maintenance activities.

4.3.4 Remove the Part if Necessary

a. This section is applicable to both the removal of the damaged component from the next higher assembly and to the
removal of fittings and parts from the damaged component.

b. If any structure removal instructions were identified in the previous section, review the Customer-supplied maintenance

manual removal instructions and make sure that all removal instructions can be accomplished, without deviation, and
that all required equipment and tooling is available for the repair.
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c. If fittings must be removed, make sure that all tooling is available, if necessary, to realign critical hinge axis points,
attach points, and any other critical functional aspects of the fitting upon reinstallation.

1. It may be necessary to set key characteristic alignment points using a specially designed AJ that captures a serial
number specific set of key alignment points. Those set of points must be undisturbed until the repair is completed
and fittings are reinstalled on the AJ that corresponds to that specific serial number NHA.

d. Perform all structural removals that were identified as being required in Step 4.3.2.a or Step 4.3.3.b. Use special care
to not damage any underlying structure, as it is very common to damage lugs, composite laminate plies, and underlying
sheet metal and honeycomb structure.

1. Any parts that are to be salvaged and reinstalled after the repair is completed shall be tagged and identified with
the part number, NHA part, and serial numbers. The parts shall be stored adjacent to the NHA that is being repaired
so that parts do not get lost or misplaced during the repair.

4.3.5 Identify the Part Construction

a. Using the Customer-supplied maintenance manual or other applicable OEM sources, such as Engineering drawings or
written correspondence with the OEM, identify the materials of the structure that are damaged or are coincident to the
damage site. A general mechanic or shop technician will usually be responsible for identifying part construction. Some
identifying tasks may require additional metal bond specific technical knowledge. AIR6825 provides guidance for
training for general mechanics or shop technicians to conduct the assessment.

1. Information to obtain may include, but is not limited to, the following:
(a) Skin, doubler, and any substructure part numbers that are damaged, including material type and temper.

(b) Part numbers for honeycomb core, including material identification, as follows: alloy type/material type, foil/wall
thickness, cell shape, cell width, nominal density.

(c) Part numbers and material identification of coincident structure, such as spars, fittings, dust covers, gravel
shields, and any other features that may be coincident to the damage site.

2. Determine construction details. Identify physical aspects of facesheet and substructure details, including the
presence and edge of any internal doubler.

NOTE: The NDT techniques to be used for damage assessment require knowledge of bond line type (e.g., metal
to metal or metal to honeycomb core) as well as knowledge of underlying support structure. Follow the
supplied maintenance manual, repair manual, or other applicable OEM sources.

3. Identify the materials and adhesives used in the construction. Check against the Repair Document for repair
materials that are applicable and available. The decision to process a repair may depend on the initial assessment
of the repair materials and whether they can be procured quickly and for acceptable costs.

b. Using the Customer-supplied manual(s), determine if there are acoustic, weight, and/or balance requirements/limits
considerations for the structure being assessed. It may become necessary to calculate or measure a new weight,
acoustic blockage, and/or balance for the NHA after a repair is accomplished.

NOTE: If NHA requirements exist for weight and/or balance, identify a placard on the NHA that can help to determine
previous repair weight and/or balance changes and how much additional rework can be done to the NHA before
maximum rework limits are exceeded. Procedurally, this may greatly influence how and if the structure will be
repaired. This step should be accomplished as early in the process as possible.

c. Regulatory actions may need coordination with the Customer before continuing with the repair. These regulatory actions
are typically related to the type or category of structure. The OEM manuals will define the category of structure.
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NOTE: Some customers, such as airlines, have specific unique actions that are required, per their Operations
Specification, when working on types of structures such as Primary Structure, PSE, SSI, or FCS. Whenever a
part being repaired is any of these categories, the airline is notified so that, if necessary, specific instructions
can be given to the repair station on how to comply with the airline’s Operation Specification requirements.

Example 4.3.5.c #1: An airline may have special SDR submission requirements for PSE, SSI, and Primary
Structure, depending on the level of repair being accomplished.

Example 4.3.5.c #2: Many airlines have specific repair identification procedures and possible follow-up
actions that are required on repairs to FCS structure.

1. The airline must have adequate information to identify a repair that might affect these types or categories of structure
and that the final regulatory approved work documentation (such as an FAA 8130-3 form or equivalent) contain any
required continued airworthiness instructions to the airline.

d. A customer may have additional requirements that must be considered and/or that may need completed before
continuing with the repair. These requirements may be related to items such as placards, paint, labeling, mod status,
and service bulletin status incorporation.

e. lIdentify acoustic requirements that may exist in the area of repair. Determine if the repair will be outside the acoustic
limits given in the Repair Document. It may be necessary to replace rather than repair the part if acoustic limits will
be exceeded.

4.3.6 Make Sure Facilities are Satisfactory

a. Review the Customer-supplied maintenance manual and determine the appropriate facilities and equipment that will be
required to accomplish the damage removal instructions.

1. If the damage removal process creates dust and debris, make sure that the damage removal is accomplished
outside of any areas adjacent to controlled contamination/layup areas. Before proceeding, make sure to comply
with all local regulatory environmental laws, taking note of chromates and asbestos.

2. Make sure that appropriate air filtering devices are available for use, including personal protection equipment (PPE)
with proper filtration as well as designated grinding areas, if appropriate for the procedure being accomplished. For
heavy grinding of adhesives or other substrates, it may be necessary to dedicate a special booth equipped with
filtered air purge/exhaust capability.

CAUTION: The inability to control contaminants in adjacent repair areas may lead to a compromise in the repair
strength of adjacent parts or assemblies being laid up/prepared for bonding. Airborne materials, such
as carbon dust and silicone particulate, may introduce galvanic corrosion, contaminate bond surfaces,
and degrade bond strength that NDI or NDT is not able to detect.

4.3.7 Make Sure Personnel are Qualified

a. The technician responsible for removing the damage should have detailed knowledge of the structure so that, when
removing the damage, the structure is not taken to a condition that is beyond economical repair.

NOTE 1: Itis common that internally bonded details are damaged beyond economical repair by technicians that do not
adequately understand the structural makeup of a bonded assembly.

NOTE 2: AIR4938, AIR5278, and AIR6825 give a summary of education levels and qualifications for assessment and
repair of bonded structures. There are regulatory requirements for training.
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4.3.8 Remove the Damage
a. Clean and mask the area.

1. Clean and mask the area around the damage to prevent cross-contamination. Refer to ARP4916. Dirt and grime
can be misinterpreted as damage when documented by photographs. Follow health and safety instructions.

b. Remove impact damage if small enough for a local repair.

1. If impact damage is small and can be repaired economically by a local removal, then remove the damage per the
instructions. Before removing damage, make sure that the repair size for the planned repair procedure permitted in
the Repair Document corresponds with the maximum expected damage size.

c. Remove adherends if damage is too large for a local repair.

1. The removal of adherends from an adhesive joint will typically use either cold temperatures or heat to weaken the
bond line.

(a) ltis best practice to apply cold temperatures using dry ice to avoid heat damage during the removal process,
as authorized by the Repair Document.

(b) If the Customer-supplied maintenance manual approves the use of heat sources, such as heat guns, to assist
with the removal of adherends from an adhesive joint, use care to avoid subjecting the part to temperatures
outside of the maintenance manual specified temperature ranges. An example of a component that has been
overheated during removal of adherends is provided in Figure 6.

CAUTION: Overheated areas outside of the intended damage removal zone may result in the alloys and
adhesive materials with reduced strength.

(i Monitoring devices should be used to make sure that the temperature stays within the required range.
Perform a visual inspection for discoloration or other indications of damage to finishes or aluminum
after the application of high temperatures.

NOTE: Excessively overheated parts also may result in damage that can render the part to be
irrepairable beyond reasonable expense (scrap).
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Charred Areas from heat application
(skin removal technique)

o L - - »

Figure 6 - Example of overheating during skin removal

2. When prying/peeling skins or other damaged structure from the base assembly, tools should be used that will not
gouge the base assembly and materials should be selected that are not abrasive (use soft materials such as plastic
or wooden scrapers). Make sure that underlying structure will not be damaged during this removal process.
NOTE: In order to facilitate Step 4.4.2.b, use care to not damage remaining adhesive film to avoid exposing bare

metal. Exposed bare metal will require additional repair steps. Residual adhesive may be acceptable if
permitted by the Repair Document.
d. Inspect the core condition and remove damaged core.

1. Inspect the part for core damage. A visual inspection for physical damage to the core should be accomplished.
Types of core damage include:

(a) Separation of the cell wall node bonds.
(b) Crushed cells.

(c) Fractured or torn wall cells.
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2. Remove damaged core.

(a) For full depth core removal, when authorized in the Repair Document, protect the previously bonded skin from
damage by leaving the existing skin-to-core adhesive layer intact. Prepare the repair skin-to-core mating
surface by only removing any remaining adhesive fillets or other anomalies/irregularities using abrasive
methods. Ensure a smooth faying surface for subsequent bonding of the replacement core.

4.3.9 Inspect Core Condition and Remove Corroded Core
a. Inspect the part for corrosion.

1. Visually inspect for local corrosion before finalizing the damage removal process. Aluminum honeycomb core often
develops discoloration or white powdery substance (corrosion) on the foil. The non-corroded core should have a
continuous silver color. See Figure 7 for an example of how corroded aluminum core can extend beyond the
physically disbonded area. Figure 8 shows how corroded aluminum metallic core is exhibited on a flight control
surface. Figure 9 shows how failure due to corrosion on either skin or core is visually exhibited on the bond line
surface.

NOTE: Use of a direct light source (i.e., flashlight/torch) can help identify discolored core surfaces, which
indicates corrosion.

2. Tofind the limits of any weakly bonded skin, it is recommended that the skin be peeled back in a direction away
from the area that has core already exposed from damage removal until strongly bonded skin is reached.

CAUTION: Weakly bonded skin is typically adjacent to disbonded areas. Such weakly bonded skin is not detectable
by standard NDI or NDT methods and, if left in place, may result in actual disbond either during cure of
a repair or in a relatively short time following the repair when the part is placed back into service.

3. For non-corroded bonded areas, when peeling the skin from the core, typically the cell walls will break or tear or the

adhesive fillets will detach completely from the skin and will remain attached to the core. Another sign that corrosion
has affected the core is the absence of broken core cells or adhesive fillets still on the skin.
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Corroded Core

Weak bond area
+« No obvious corrosion
+ No adhesive fillets

Good bond area
» No obvious corrosion

Figure 7 - Corrosion of aluminum honeycomb core resulting in a weak bond area
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Figure 8 - Example of corroded core weak bond/good bond areas. Note that the corrosion area corresponds with

a typical moisture ingress path (exposed honeycomb core edge with only a sealant close-out).
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Figure 9 - Examining peeled skin and residual core for evidence of corrosion

NOTE: Failure modes due to corrosion are shown in Figure 9. On the upper left, corrosion occurring in the skin
facesheet is shown by a lack of adhesive remaining on the skin when the core has been removed. On the
upper right, corrosion that occurs in the cell walls will leave all adhesive on the skin facesheet. The lower
photographs show acceptable failure modes. On the lower left, the failure is within the adhesive itself, where

some amount of adhesive remains on the skin facesheet. On the lower right, the core cell wall has fractured
with no adhesive failures.

b. Remove corroded core.
1. Make sure that corroded core is removed.

CAUTION: Failure to remove corrosion is not acceptable because the strength and durability of the repair cannot

be assured. One of the frequently observed causes of failure of repairs in service is due to incomplete
removal of corroded core.

2. Verify that no evidence of corrosion exists at the edges of the facesheet cutout. It is necessary to remove additional
facesheet areas until there is no longer any visual evidence of corrosion in the core.
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4.3.10 Consider Nondestructive Inspection (NDI) and Testing (NDT)
a. Select NDI or NDT method for damage assessment.

1. Select an appropriate NDI or NDT technique to identify the extent of damage and to verify that the damage is
completely removed. The Customer-supplied maintenance manual will specify which inspection techniques are
approved; however, the following considerations should also be made:

(a) The NDIor NDT technician should be trained or qualified on the equipment that is being used prior to evaluating
the condition of any bond and should have passed an evaluation on that equipment in accordance with the
organization’s repair station manual and should also possess any additional maintenance manual
required certificates.

(b) If using audible NDI, such as sonic tap test, it is important that the technician be able to audibly detect a
disbond in a joint from a standard that is made from the same gauge adherend that is used on the actual part
being repaired. This is to account for individual differences in hearing acuity. The OEM NTM or NDT manual
will typically give limits of detectable flaws and thickness limits for the test methods.

NOTE: Tap tests should be performed in an area that has low ambient noise in order to adequately evaluate
the audible differences in pitch.

CAUTION: Tap testing is limited in its capability to detect damage. It is only appropriate for thin facesheet
(~0.030 inch) sandwich construction.

2. X-ray can be used to help determine if moisture has been removed in sandwich panels.
b. Select NDT method for repair acceptance.

1. Select an appropriate NDT technique to accept the repair. The Customer-supplied maintenance manual will
specify which inspection techniques are approved for the acceptance criteria for the repair process and structural
configuration. The same considerations apply to repair acceptance NDT as listed in 4.3.10.a.

BEST PRACTICE: NDT methods for inspection of repairs are through transmission ultrasonic (TTU) if two-sided
access is available and ultrasonic bond test methods, e.g., pulse echo, (PE), if one-sided
access is available.

NOTE: ARP5089 contains a summary of NDT techniques and capabilities.

c. Make sure NDT equipment is acceptable.

1. Before using any NDT method, make sure that the equipment meets the calibration and certification requirements.

2. Make sure that, when required, reference standards are available that match the construction of the part being
inspected to make sure that readings of the equipment are calibrated properly.

d. Do the NDT inspection.
1. Do the NDT inspection as specified in the manufacturer’s repair and NTM or NDT manuals.
2. If additional damage is detected, repeat Step 4.3.10 until damage is verified to be completely removed.
CAUTION: Moisture or other contaminants may migrate and may be present at locations away from the local area
being repaired. Conduct a thorough evaluation and inspection of the part to make sure all contamination
has been removed. The durability and strength of the repair cannot be ensured if the contamination is

not entirely removed in the part.

3. Remove debris and dust from the repair area and surroundings. Follow health and safety instructions.
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4.3.11 Select Applicable Repair Method

a. Review the maintenance manual or SRM section that was determined in Step 4.3.1 for guidance on repairing the
damage removed during Step 4.3.8. Make sure that the cleaned-up damage is within the limits given in the manual
repair section before proceeding.

1. If the cleaned-up damage is determined to be outside of the limits established by the maintenance manual repair
section as being repairable, contact the Customer engineering department to obtain an approved repair procedure
in order to proceed.

b. Determine if there are applicable Repair Documents using the applicable authorized source documentation.

1. If there are multiple repair solutions in the authorized source documentation, determine which one would best suit
the current need.

2. If currently no repairs could be found in the applicable authorized source documentation, contact the Customer,
Engineering, or OEM. It is best practice to provide a damage report when contacting Engineering/OEM/Customer.
Check whether the OEM gives guidance on the contents of a damage report in published documentation. The
damage report should contain the following:

(a) Identification of the damaged part and aircraft when the part is installed on the airplane. This would consist of
the part number, the serial number of the part when applicable, modification status, the aircraft serial number,
the aircraft registration number, and the aircraft operator.

(b) Description of the type of damage (impact, disbond, gouge, corrosion, etc.) and source of damage
when known.

(c) Size of damage (length, width) and identification of exactly which component details are damaged or
disbonded. Different details can have different damage dimensions. It is important to document all damage
details (external doubler, skin, internal doublers, core, etc.) to ensure the applicable repair is selected.

(d) Location of the damage with respect to identifiable positions (fasteners/edges/fittings/changes in geometry).
(e) Location and description of previous/existing repairs to the structure as assessed in 4.3.3.a when applicable.
In addition, the damage report can contain the following:

(f) Photographs of the damage in general overview with either the complete part or easily identifiable section of
the aircraft. The photographs should provide information on the location and orientation on the airplane. Local
photographs with a scale reference. These should show the damage, a ruler for scale reference, and
identifiable features on the part such as edges, fittings, and fasteners. If available, include the outline of the
damage found in NDI.

(g) Detail photographs with scale reference to show the dimensions of the damage. Also, label depth/location of
any internal damage if known.

(h) Propose repair approach based on published repairs. Include the preferred and/or available repair materials.
(i) References to similar damages could result in a faster response time from the engineering/ OEM.

c. The selected repair needs to be conducted using a Qualified Bonding System. Refer to AC20-107B and AMC 20-29.
The Repair Document provides instructions on how to implement a repair per a Qualified Bonding Process and must
be strictly followed. The capability to conduct a repair to the specified Qualified Bonding Process must be confirmed.
The Qualified Bonding Process must be demonstrated with repeatable and reliable processing steps and includes an
understanding of the sensitivity of structural performance based upon expected variation permitted per the process.
Even characterization outside the process limits is recommended to ensure process robustness. Refer to
DOT/FAA/AR-03/53 for an explanation of the critical effect of surface preparation to the adherends for initial strength,
long-term durability, fracture toughness, and failure modes of bonded joints. Documents
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d. The use of vacuum pressure can have adverse effects on some types of adhesive. Repairs that are accomplished
without using proper pressure levels can significantly deteriorate the quality of the bond. Make sure that the proper
vacuum techniques are selected for the adhesive. Figures 10 and 11 demonstrate a poor-quality bond due to foaming
of adhesive under vacuum pressure.

1. Refer to Stancin and Van Voast for further details on bond strength with respect to growth in repair size.

Figure 10 - Foaming of adhesive due to the improper application of vacuum pressure

NOTE: Figure 10 is an illustration of a type of film adhesive that is not able to be cured under vacuum pressure.

e. Other factors that can contribute to foaming of film adhesives include the following: not removing all moisture prior to
bonding, improper orientation (scrim cloth up or down) of the film adhesive, improper cure or vacuum integrity, and
omitting any required breathing assistants, such as positioning fabrics, which may or may not be required/allowed by
the Repair Document.
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AUTOCLAVE PROCESSED VACUUM PROCESSED

~

Figure 11 - Autoclave and vacuum processed test coupons. Autoclave processed test coupon (left) shows ideal
adhesive bonding condition. Vacuum processed test coupon (right) shows failures due to foaming
of film adhesive.

4.3.12 Assess Facilities and Equipment

a. Make sure that all facility, equipment, and required technician capabilities that are listed within the maintenance manual
repair section are within the capabilities of the repair organization that will be accomplishing the repair procedures. See
Figure 12.
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REFERENCE

CHECKLIST ITEM PARAGRAPH ACTION
Make sure all on-site repair equipment is up to date. 4.3.12.a1
Make sure the environmental conditions can be met. 4.3.12.a.2
Make sure equipment can provide required vacuum pressure. 4.3.12.a.3
Make sure cleanliness and contamination control conditions 43.12.a.4
can be met.
Make sure the facility has equipment and chemicals for 4.3.12.a.5
surface prep.
Make sure refrigerated storage facilities can maintain 4.3.12.a.6
temperatures.
Make sure shelf life and out time is monitored for TATS 4.3.12.a.7
materials.

Figure 12 - Facilities determination process checklist

1. Verify that all equipment that is required in the Repair Document for accomplishment of the cure is on hand/available
and that all certifications and calibrations are current.

(a) Heatblankets, ovens, or autoclaves are common equipment used for aluminum bonded repairs. Testing and/or
calibration are required to make sure that these types of equipment are serviceable prior to use. Refer to
ARP5144 for testing methods for heat blankets and thermocouples.

(b) Thermocouples should be verified, through either certification or test, that the required precision, as defined
by the Repair Document, is met for each thermocouple used during the repair.

2. Verify that the environmental conditions that are required by the Repair Document can be met at the time that the
repair will be accomplished. The range of acceptable ambient temperature and humidity values should be listed in
the Repair Document. AC 43-214 defines requirements for controlling temperature and humidity.

(a) Humidity and temperature levels in the repair layup area are critical. Depending on the location where the
repair will be conducted, it may be difficult to meet both temperature and humidity requirements when the
atmospheric temperature and humidity are in extreme conditions.

CAUTION: Humidity can have profound adverse effects on the chemical bond between aluminum and adhesive
and the mechanical properties of structural adhesives. Failure to follow all environmental condition
requirements may result in a repair that is structurally noncompliant and may fail in service.

3. Verify that the vacuum required by the Repair Document can be met by the equipment at the altitude where the
repair will be accomplished.

NOTE: During vacuum bag repairs, attain as much vacuum as possible. Studies show that at sea-level there exists
about 29.92 in Hg of atmospheric pressure and about a maximum of 27 to 28 in Hg of vacuum level can be
achieved. However, at 10000 feet altitude, there exists only about 21.5 in Hg of atmospheric pressure and
one can achieve only about a maximum of 16 to 19.2 in Hg of vacuum. Therefore, at higher than sea-level
altitudes, use of a high-quality electric vacuum pump may be preferable over the Bernoulli-style aspirator
(converts high-pressure air to vacuum) found on most hot bond consoles. Many of the two-stage diaphragm
pumps may be rated lower than 28 in Hg; therefore, a technician should be careful when selecting an
electric pump. The Repair Document should reflect the acceptable vacuum levels for the repair materials
being used and any associated bagging or debulking steps.
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