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FIIL-HDBK- 337
Repair of Adhesive Bonded Aerospace Structures

1. This handbook was developed by the Department of Defense in
accordance with established procedures.

2. This publication was approved on 1 December 1982 fOr printing

and inclusion in the military standardization handbook series.

3. This handbook provides information on material and fabrication
procedures for repairing adhesive bonded aerospace structure and parts
thereof. This handbook is not intended to be referenced in purchase
specification except for informational purposes nor shall it supersede
any specification requirements.

4. Every effort has been made to reflect current information. It
is intended to update this handbook periodically. Comments on this hand-
book are encouraged. Comments should be addressed to the Materials
Laboratory, Wright Aeronautical Laboratories, Attention: AFMUMLSE,
Wright-Patterson Air Force Base, OH 45433.
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1.0 INTRODUCTION

I

.

.

The purpose of this handbook are ( 1) to provide standard methods for the repair of adhesive-
bonded aircraft struc~ure and (2) to identify the materials that are suitable for various aircraft
operating environmems. The objective in selecting the methods and materials has been to restore
the part to its original slrength and durability. The use of these methods is recommended “to
promote utilization of standard repair procedures regardless of the particular aircraft type.

The surface preparation methods presented here have been selected as the best of the methods
evaluated. Items considered in the selection were suitability for use in the field and depot. strength.
and long time resistance of the bondline to various enl-iroments. The materials that were selected
were chosen because they are current Iy being successfully used and beta use their semice
performance has been satisfacto~.

1.1 SCOPE AND LIMITATIONS

This handbook contains a description of standard methods for the repair of bonded-sandwich-and
me~al-laminate-type aircraft construction. The items co~ered include prerepair damage evaluation.
preparation of the part for repair. a description of the materials. and repair procedures. The repair
methods designated in section 6.0 will cover the majority of small damage repair cases. These
methods have been selected from Ihose used in the current aircraft repair technical orders (T. O-’S).
Large area repairs are covered in section 7.0. Postrepair inspection instruction is also included.

A direct substitution can usually be made between the methods and materials presented here and
those in the T.O. In general. an equi~alency or improvement in repair quality can be expected. The
handbook is. however. intended to supplement but not to supersede the specific aircraft”s repair
T.O.

NOTE: The aircraft’s T.O. must be consulted regarding such information as repair size
and weight limitations and operating environment. The repair limitations have
been established by the manufacturer based on criticality of the specific aircraft.
Violation of ~hese may cause problems such as operational difficulties with control
surface dynamics or strucmral deficiencies in critical components or structuml
failure. Deviations from these limitations. extension of the methods. or
substitution of materials shall be defined or authorized by the responsible
engineering authority.

While cenain bonding materials are identified in this report as preferred. this does not signify that
these are the only materials which are capable of being used in the repair of adhesive bonded
structure. Other bonding materials. particularly those developed since the conclusion of the study.
may have equal or superior qualities when tested to individual requirements.

Lists of ancilla~ materials have been included in this document for information purposes. These
materials have been found satisfacto~ for the intended purposes. Other materials from other sources
may be equal or better.

1-1
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1.2 INSTRUCTIONS

1.2.1 MANUAL USAGE

General

The genera] procedures for use of this har,dbook are as follows:

1.

2.

3.

4.

5.

6.

7.

1 December 1982

Determine the size of defect or the extent of damage. Procedures to be used for damage evalua-
tion are covered in section 2.0. They are described in more detail in section 10.0.

Review the individual aircraft T.O. for specific information and instructions for the type of
aircraft being repaired. These typically include the following:

● Structural criticality of the damaged area

● Limitations such as the maximum weight that the repair may add to the structure, etc

● Identification of the materials used in construction of the damaged part and the service
temperature requirements

● The type of repair method that is recommended depending on the location and type of
damage.

The degree of substitution of the methods and materials presented in this handbook shall be
defmled by the responsible engineering agency.

Determine the appropriate repair method. If the damaged area is relatively small, the recommended
repair method will be typically defined in section 6.0. If the damage is beyond the smail repair
limits, then a large repair or rebuilding procedure may be required. This is covered in section 7.0.
Any limitations on the use of these methods will be defined by the responsible engineering
agency.

Obtain the materials and equipment necessary to make the repair. ~ese tie listed for small
repairs in section 6.0 preceding the description of each specific repair method. They are defined
for large repairs in section 7.0. Specific materials that are to be used are further defined in
section 4.0. Tools, equipment, and faciMes are described in section 8.0.

Prepare the area for the bonded repair. The repair method procxh.xres describe how the damage
should be removed and how the surfaces should be prepared for bonding. Pay particular atten-
tion to caution notes regarding handling of surface preparation chemicals and protection of
prepared bonding surfaces

Complete the repair procedures. Instructions for bonding, for subsequent surface protection and
sealing and instructions for inspection are given in sections 4.0 and 10.0, respectively.

In various sections reference is made to a review by the cognitint engineering agency. Each
activity using this manual should identify this agency.

.,

#’

,

.

. .
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Other Information Sources

The information in this handbook covers standard repair practices for adhesive-bonded aircraft
structure. Information that is specific to the particular aircraft model such as repair limitations.
construction materials, and setice tempmtures are covered in the aircraft’s repair manuaL Standard
practices for structural repair, in general, are set forth in T.O. l-1 A-1. Generaf Manzudfor Structural
Repair, and other mqmais of that series. This information is not repeated here. It should be utilized,
however. where applicable. The methods and materials specified in this handbook should be used
unless they are not applicable or conflicts exist between this handbook and the authorized manuals.
In Ihe fatter case. the authorized manual shad govern.

.

a

Other pertinent information is available in various milhy handbooks and specifications A list of
applicable specifications is given in section 1.4. Desi-gnproperties of metals, including those for sheet,
pfate, bar. and extrusions and for mechanically fastened join= may be found in MIL-HDBK-5. The
properties of fiberglass laminates may be found in MIL-HDBK- 17. Analysis and design methods for
sandwich construction are included in MIL-HDBK-23. Properties of core materials can best be found
in the appropriate MIL specs. e.g., MIL-C-7438 for aluminum honeycomb core. Other applicable

specifkations for core materials are listed in section 4.0.

1.2.2 PERSONNELQUALIFICATIONS

Repair personnel must be fully qualified in the preparation of repair matexials and in the repair of
bonded honeycomb sandwich and metal laminate construction. Inspectors must be qualified and
skilled in the use of the repair and inspection equipment specified. Qualification requirement for
bonding technicians are covered in MIL-A-83377. Qualification of inspection perso-nnel shall be per
MIL-STD41 OD.

1.2.3 WORKMANSHIP

The ability of the bonded repair to perform satisfactorily for the remaining life of the airaaft is very
dependent on how well the repair is made. It is essentially that the procedures outtined in this
handbook be carefully followed and that all repairs be done in a good workmansMp manner.

Honeycomb structure can be extremely fragile. Special care may be required to prevent damage to
the surrounding structure during the repair operation. Rotective covering shall be placed around the
repair area where applicable.

1.2.4 REPAIRATMOSPHERICENVIRONMENT

Requirements for the bonding repair environment are specified in MIL-A-83377. The area where
surface cleaning of the parts is done should be isolated from operations that genemte dust, oil
vapom or other contaminants. All personnel handling cleaned parts shall wear clean, white, lint-free
gloves.

immediately after cleaning, parts should be moved into a controlled atmosphere area for bond
assembly. If the cleaning and controlled bonding areas are not in the same proximity, after cleaning.
the parts should be sealed in noncontaminating wrapping for transfer to the controlled atmosphere
Iayup area. The environment in the controlled area shall be as specified in the previously referenced

1-3



MIL-&JBK- 337 1 December 1982

specification. Operations that generate dust or other airborne contaminants in the controlled area,
such as sanding or grinding. should be forbidden. Similarly, smoking or eating in the controlled area
should be prohibited.

Where practical. it is recommended that parts be removed from the aircraft for repair in the shop.
It is recognized, however, that some repairs will of necessity be made on the aircraft. In these cases,
special care must be taken to prevent the cleaning solutions from contacting surrounding surfaces.
especially ?he surfaces of high strength steel$, or from entering crevices. Precautions regarding con-
tamination of the repair area during and subsequent to cleaning also apply. Bonding of the part
should be completed as soon as possible after cleaning to minimize subsequent contamination.

1.2.5 REPAIR MATERiAIS

All materials used in the bonded repair shall conform to applicable Government, or other acceptable,
specifications. Care must be taken to ensure that materials requiring refrigeration maintain proper
temperature levels during transit and until placed in receiving storage. During storage, proper tempera-
ture and humidity controls must be provided.

Upon receipt, it shall be ensured that materials meet minimum specification requirements. This can
be accomplished by performing in-house tests or by requiring that the supplier furnish certified
qualifying test resuIts. A guide to those types of tests that should be conducted in-house is given
in section 4.6. All material shaX be clearIy marked to indicate its storage or expiration date. Out-
dated material shall be requalified or discarded per the applicable control specification.

Instructions regarding material handling and storage must be carefully followed. Refrigerated
polymeric materials, e.g., adhesives, potting compounds, sealants,’ etc., must be allowed to stabilize
at room temperature before opening. The material should be hermetically sealed before being
returned to storage and the out-time recorded. Special precautions should be taken in handling
flammable materials.

Cleaned and primed metal details, to be stored rather than immediately used in a bonded assembly,
should be wrapped in oil free Kraft paper, black polyethylene fdm, or a similar material as a protection
from deterioration caused by ultraviolet exposure.

1.2.6 QUALITY ASSUIL4NCE

An effective quality assurance program should be conducted concurrent with the repair procedures
to assure satisfactory end-item strength and durability. Materials and material handling should meet
requirements in the applicable specifications including proper storage and adherence to shelf life
stipulations. Processing steps should be carefully followed with emphasis on those iterns concerned
with maintenance of a properly prepared bonding surface and good prefit of part details. Processing
procedures should be checked at critical steps to assure specification conformance.

After completion, the quality of the repair should be evaluated for approval by the responsible
maintenance personnel.

1-4
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1.3 SAFETY PRECAUTIONS

The following safety precautions must be strictly observed while making repairs or removing moisture
from the structure:

1. If the repair is to be made while the component is on the aircraft, the aircraft and repair cart.
if used. shall be statically grounded. Only approved explosionproof electrical equipment shall
be used. Electrical equipment sMI be grounded while in operation.

2. When tepaim are being made to a hole over a fuel tank amt. the fuel tank shall be pu~ed and
checked continuously for an explosive mixture. The repair area shall be ke~t well ventilated.
Special precautions should be taken while working with flammable materials. Fmfighting
equipment shall be available during the repair operation.

3. Adequate ventilation shall be provided during the mixing and use of adhesives. solvents, and
cieaning solutions Avoid breathing fumes from these materials

4. Always add acid to the water. Never add water to the sad. The solutions should not come in
contact with the skin and clothing. In case of contac~ they should be washed off immediately
with ~-nerous amounts of cold water. Always wear eye protection and rubber gloves when
using these solutions.

5. Wear heat insulating gloves when handlktg hot equipment and repair materials. Respirators
should be worn for opemtions creating excess dust. such as sanding metal or fibergg.

6. CLOSELY OBSERVE ALL APPLICABLE BASE AND FEDEML SAFETY STANDARDS.

SPECIAL NOTES CONCERNING THE USE OF SOLVENTS
Because of the continued necessity to use solvents while accomplishing bonded repairs. thei~
potential problems as a danger to health and the incidence of fire must be given special
consideration. Pertinent general information concerning the use of solvents is given in subsequent
paragraphs. Refer to T.O. 42A 1-1-3 and other documents such as OSHA. Air Force. Army or
Navy regulations and standards.

Health Hazards:

1. If absorbed through the skin, solvents may cause dermatitis. They can dissotve natural skirt oils
and result in drying and crackhg of the skin, rendering itsusceptible to infection. Solvents may
cause irritation and allergic reaction to sensitive individuals.

7-. If vapors are inhaIed, solvents can cause mild symptoms of headache, fatigue, nausea, or visual
and mental disturbances during prolonged and repeated exposures to moderate concentrations.
Severe exposures may result in unconsciousness and even death.

Solvent vapors can also act as an anesthetic. or cause irritation of the eyes or respiratory system.
They can result in blood, liver and kidney damage if the solvents are specific agents for these
organs.
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3. Solvents are harrnfu! if swallowed. Symptoms may be similar to those of vapor inhalation.

Minimize Personal Exposure

Personal contact with the liquid or inhalation of vapors should be minimized or eliminated by
engineering techniques such as enclosure of the processor equipment. isolation of operations and
use of local exhaust ventilation and protective clothing and equipment. Personnel should:

I.

2.

3’.

4.

5.

.4void solvent contact with the skin. W’earrubber or neoprene gloves when handhng liquid
solvents. Other equipment, such as impemious aprons, sleeves, coveralls. and boots, may be
necessary in certain operations.

Avoid eye exposure to liquid solvent, vapor or overspray, by wearing chemical goggles or other
approved eye protection.

Avoid using solvents as skin cleansing agents. If solvent contacts the skin, wash the affected area
immediately with soap and water and appIy a skin conditioning cream, lotion or ointment.

Avoid breathing solvent vapors. Use solvents only in well ventilated areas. Use respirators such as
the chemical cartridge type, gas masks or airline full-face respirators where there is a lack of
engineering control and high vapor. concentrations exist.

Avoid using solvents for unauthorized or unapproved purposes. Use only for purposes called
out in appropriate specifications.

Minimize Fii Hazards

To eliminate or minimize the danger of fue and consequent destruction of life and property, flammable
solvents should be used only in areas approved and with methods recommended by the local fue
safety authority. These include:

1.

7-.

3.

4.

5.

6.

~-6

All flames, smoking, sparks and other sources of ignition must be eliminated from areas using
solvents.

Non-spark producing tools should be used.

Clothing or processes creating static electricity should be eliminated or proper~y gxounded.

AIl electrical equipment (lights, motors, wiring, etc.) must meet the electrical and fire codes
for such locations.

Flammable solvents should be kept in closed containers and only in quantities to satisfy
immediate use.

Provide adequate ventilation to prevent buildup of vapors. ‘

.
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1.4 LIST OF REFERENCES

SPECIFICATIONS

.

Federal

MMM-A-132

FEDSTD-209

Mditmy

MIL-A3463

.
MIL-A-83376

MIL-A-83377

IWHX-7438

MIL-M-38780

MKL-I-6870

STANDARDS

Military

Adhesive. Heat Resistant. A“tirame Structuml, Metal to Metal . .

Clean Room and Work Station Requirements. Controlled Environment

Adhesive, Metallic Structural Sandwich Constmction

Adhesive Bonded Aluminum Honeycomb Sandwich Structures, Acceptance
Criteria

Adhesive Bonding (Structural) for Aerospace Systems, Requirements for

Core Material, Aluminum for Sandwich Constnwtion

Specification for Nondestmctive Inspection Application Manuals

Inspection Progmm Requirements, NondestmctiI-e: for Aircraft and Missiles
Materials and Parts

MIL-STD-768(ASG) Inswuctions for Repair of Aircraft and Weapons Sandwich Stmctures.

MIL-STD-860

MIL-SIWl 10D

MANUALS

Military

T.O. I-1 A-1

T.O. 1-1-2

T.O. 33 B-1-1

T.O. 1-1-1

Part 11-Metal Construction

Fokker Ultrawnic Adhesive Bond Test

Qualification of inspection Personnel

General Manual for Stmctural Repair (Navair 01-1 A-1)

Corrosion Prevention and Control for Aerospace Equipment

Nondestructive Inspection Methods

Cleaning of Aerospace Equipment
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T.(I. 1-1-;

T. O’. 1-1-8

CAT.4LOGS

I-M-l. 2

68000-ML-AF

HANDBC}OKS

MIL-HDB’K-5

MIL-HDBK-I 7

MIL-HDB’K-23

MIL-HDBK-691

1 December 1982

Exterior Finishes.

Application of Orgtinic Coatings. Aerospace Equipment

Federd Supply Code for Manufacturer’s Cataloging Handbook

Federal Supply Catalog. Management Data List

Military Standardization Handbook, Metallic Materials and Elements for
Aerospace Vehicle Structures

Military Standardization Handbook. Plastics for Aerospace Vehicles

Military Standardization Handbook, Structural Sandwich Composites

Military Standardization Handbook, Adhesives

.

.

.
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2.0 DAMAGE ASSESSMENT

2.1 GENEIVIL

*

The detection of defects in honeycomb sandwich or metai-tcmetal bonded assemblies is an importanr
part of the maintenance program. If a defect is detected early, it may usually be repaired. simpty at
the field base. Mallowed to propagate, it may endanger the safety of the aircraft or require a more
costly repair at a major repair depot-

The early detection of moisture or holes where moisture can get into honeycomb panels is especially
important. The presence of moisture will cause the thin foil core to corrode. Freezing and thawing
of the moisture. either on the ground or during flight. may cause bond failure. During high
speed flight, pressures developed by the moisture due to the high temperatures may destroy the panel
If there is a need to delay the repair, as a minimum precaution, any moisture should be removed and
the panel sealed immediately.

Little difficulty will be encountered in evaluating external damage. The blind construction of sand-
wich. however. makes it more difficult to detect internal damage. There are nondestructive
inspection methods capable of detecting much of this damage. These methods range from the simple
coin-tapping method to the more deftitive ultrasonic and X-ray techniques. Selection of the best
inspection method will depend on several factors: accessibility. type and size of defect sought,

permissible inspection tie, opentor =pabiliw, and equipment availability. The amount of damage
or size of defect that can be sustained without repair and the urgency of repair will depend on the
criticality of the particular aircraft component. This information may be found in the aircraft’s
repair manual.

A summary of the types of defects that are typically encountered and the inspection techniques that
are used to detect and evaluate them is given in table 2-1. A brief description of these is given in the
following paragraphs. A more detailed description of the nondestructive inspection equipnten~
procedures, sensitivity, etc., is given in section 10.0.

Table 2-1.-ApplicabIe Ins-ion Methods for Various Types of Defects

Type of defect Visual I Tapping

External damage

CaretO-skin delamination

kletal-to+netal delamirmtion

Inwrnal voids

Distorted core

Moisture

Skin cracks

Corrosion

o

0

0

0
0

Inspection method

o

0

0

0

0

0

0

0

0
i
i

o i

2-1
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I 2.2 TYPICAL DA!! AGE ASSESSMENT METHODS

Aircraft structure, in general, is q uite susceptible to mechanical damage due to its typicalIy lightweight
construction. This is especially true of sandwich structure which commonly uses thin gage skins or
core. Operational damage such as impact from runway debris, hail impact, or other service damage
is a common occurrence. Damage is also caused by contact of semice and maintenance personnel
and equipment.

In most cases, mechanically caused damage is evident from visual inspection. It maybe desirable,
however, to more closely define the damage extent in order to determine the repair procedure in
confom]ance with the repair manual limitations. Accurate damage assessment is necessary to
determine if the structural properties of the part can practically be restored and if it is more economicxd
to rebuild rather than replace.

I Scratches

I
The detection and repair of scratches is important for severaI reasons. Scratches seriously degrade
the metal’s resistance to fatigue failure. Scratches that penetrate the protective coating leave the skin
unprotected from corrosion.

I
The length and depth of the scratch and the proximity of multiple stitches should be noted. The
depth can be determined with a depth gage. Whether the scratch has penetrated the cladding can be
determined by applying caustic soda (sec. 6.2) to the area. If the clad has been penetrated, the base
metal will turn black in contrast to the umiffected cladding. The caustic solution must subsequently
be remcwed by thorough rinsing.

I
Criteria concerning scratch repair may be found in the -3 T.O. manuals. Repair procedures for
srnan scmtches are destibed in section 6.2. More extensive repair procedures arE covered in
section ‘7.0.

Dents

The occurrence of dents results in a general weakening of the structure. Dents in critical areas can
resuh in premature structural failure.

1’ The existence of dents can be noted visually (fig. 2-1). The diameter and depth should be measured.
The depth can be determined with a depth gage.

I
If a brit tle adhesive was used in construction or if the skin is quite thick, the area around the dent
may be Idelaminated or otherwise damaged. This may be checked by tapping or, more accurately,
with ultrasonic equipment.. Deep dents may be checked for cracks using an eddy current meter. If
a crack exists, the presence of moisture ran be checked using X-ray techniques.

.!

y-

Criteria concerning dent repair may be, found in the particular aircraft repair manwds. Repair prm
cedures for minor dents are described in section 6.3. More extensive repair procedures are described
in section 7.0.

2-2
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fi~re 2- I.-Dents in SurfaceofC-141 Wing TmiiinpEd~ Pawl

Edge Crushing

Edge crushing (such as that shown for a weapon’s bay door in fig 2-2) can be detected visually.
Similar to dents. the damage may extend beyond the obviously cmshed area. A more precise defin-
ition of the damage extent may be detetined by tapping or ultrasonics Specific criteria for repair
of edge crushing may be found in the aircraft repair manuals.

Quite often, this type of damage breaks the edge seal. The panel should be checked for water
ingestion. This can be done using X-ray methods.

The repair procedures for crushing damage are covered in subsequent sections. Repair of minor damage
is covered in sections 6.7 and 6.8. Large repair is covered in section 7.0.

Punctures and Gouges

Punctures and gouges such as that sustained by theC-141 auxiliary power unit (APU) access panel
shown in figure 2-3 may be detected visually. The presence of moisture surrounding the penetration
area should be checked by X-ray.

Repair procedures for relatively small damage of this type are covered in sections 6.4,6.5. and 6.6.
Procedures for larger damage repair am covered in section 7.0.

Skin Cmcb

Crocks commonly emanare from fastener holes al panel edges or at fitting attachment points. They
also may padlel the edge of panels that flex from sonic fatigue. The larger cracks can be detected
visually either unaided or using optical magnification. Smai!er cracks can be detected using an eddy
ctment meter. if cracks are detected. the presence of moisture should also be checked. This can
best be done using X-ray methods.

2-3
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Fi@ure2-2.-F-171 L)amaged Weapons’-8ay Lower Door

Criteria fc)r repair of skin cracks are found in the aircraft repair manual. Procedures for the repair of
small a-acks are included in section 6.4. Procedures for huger damage are covered in section 7.0.

CAUTION: Do NOT Use Dyr Penetrant for Crack Detection after
Final Cleaning for E@nding.

Internal damage is quite typically in the form of delaminaticwis,crushed core, or comosion due to
in~e$tefinl,oi~ture, ~onde~t~ctive in~pec~ion(NDI) te~hniques are effective in detecting these types

of 4 arnages.

Dekirninations

Delaminaiti~m at the edge of a part suth as that shown in figure 2-4 may be apparent visually or
detected by tapping or ultrasonics. Internal dek?rninations may often be detected by viewing the
panel at a low angie to the surftce. Tapping is a convenient and effective method for locating the
larger ~oids where the faces are thh. Tapping becomes less useful where tie delaminatiori is smti

.

. .

or under !hicker faces or multiple doublers or near fittings. For these cases, ultrasonic techniques

24
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should b~’used. Ulwa$ortic instrunwnw sht?uk] also k LISA[o ?wrt:r define the bounds of delamiria-
rions found b} tapping. There ~re m~[iy types of i~l:r~sonic equipment. Several o!’ the instruments
are describtd in section 10.0. The sec{ion also ciescrihes their ~apabilities arid various advantagm and
disadvantages.

Criteria for repair or deiaminatiuns ore found in thsaircraft repair manuaI. Procedures for rhe repair
of cie}amiriation$ are found in sections 6.4 through 6.8 and ‘7.0.

Gu$hed core

I-Ioneycomb core is especially susceptible to crushing from concentrated loads on the ~ndwich
surface (fig. 2-5 ).

A depression in the panel surface may or may not be evident where crushed core is present. If the
core has been fractured, the area wi!l feel spongy to hand or finger pressure. Crushed core may also
b? detected with ultrasonic equipment or X-ray.

Procedures for crushed core repair we inci.uded in sections 6.5 and 7.0.
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LocalizedWesrure

Figure 2-5. -Localiz@ Ch&etl C&e

o

Moisture

Moisture in honeycomb sandwich is a common occurrence. .Nfoistair may en~er the panel on the
ground or during flight. At hi~~er altitudes where the air is colder, the moisture condenses and is
trapped in the honeycomb cells. 1n some cases the weight of the water may be quite large and
actuaIly impede the operation ofa control surface.

In addition to the weight problems and high temperature aspects mentioned previously, the moisrure
works to destroy the panel interior (fi~ 2-6)- The core foil is veW thin, and even comparatively
light corrosion may significantly reduce its strength. The moisture may also destroy the bond to the
core or faces or may cause corrosion to occur on the interior of the sandwich skin.

Inspection for water usually involves X-ray examination. This may be done with portable equipment
or by moving the part into the labora to~. X-ray examinatioit is usually not done unless the presence
of moist.are is suspected. Winy of the panels examined may be a particular par; from a specific
aircraft model that is known [o have a chronic moisture problem.

Tne presence of moisture in panels may be suspected from exterior examination. Quite commonly.
water will enter a panei after the surface has been punctured or gouged or the edge seal has been
broken by e bump. Initially a major repair mig!![ have been prevented had 3 piece of tape been
placed over the hole to prevent moisture ent~ until the panel could be repaired.

2-7
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Figure 2-6. -Corrosion in Honeycomb Core

The presence of moisture can be suspected where dekirnination occurs near a pane] edge. The cortdi-
tion of edge seais should be examined. Moisture entry at loose fastenem is a common occurrence.
Moismnt may also enter through a porotis edge bond line.

In sorrw cases the moisture r~mains absorbed in the adhesive layer rather than condensing in the
honeycomb cells. If this causes delamination. the damage may be dstected by tapping or ultrasonics.
CoIYosiorIon the underside of the aluminum skin has been detected most successfully by the use of
acoustical emission techniques.

G+merdly. where moisture is detected. she panel shouki be opened up sufficiently to determine the
extent of corrosion.

,

.-

Mokture rerno+al techniques are descrit.xd in sectior! 7.3-5.
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Corrosion

After an adhesive faiJure/disbond begins, one of the major structural degrading factors is corrosion.
Comosion is the breakdown of a metal due to electrochemical action. Corrosion products can destroy
adhesive bonds by adding chemicals and creating a wedging action to accelerate the failure.

Inspection for corrosion on aircraft is usually an examination for aluminum corrosion products. These
corrosion residues are usually white and rather powdery. Corroded honeycomb will have a dull,
dirty appearance in contrast to the clean, often shiny, and tmifonn appearance of sound core. T.O.
~.].2 dm~bes most o f the common forms of co~osion- on s~c~] surfaces comosion my bean

exfoliation or general surface attack. If corrosion damage has occurred, it is essential that all of the
corrosion products are removed- Corrosion in an aircraft is Kke a cancer. If some is still present after
treatment, the corrosion will grow and cause more darnage. Corrosion treatment is defined in the
aircraft -23 manuals and T.O. 1-1-2

.

.
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3.0 REPAIR METHOD SELECTION

A guide to the appropriate section for small repairs to honeycomb sandwich or laminated metal
structure is found in table 3-1. The use of these methods is subject to the Imitations stipulated in
the specific aircraft repair manuals. Extension of these to large repairs must be authorized by the
responsible engineering agency. Procedures for larger repairs and rebuilding are covered in %ction 7.0.

In genera~ emphasis is placed on utilizing methods that will minimize subsequent problems with
moisture and corrosion. The approach is to utilize well-prepared bonding surfaces, impermeable heat-
and pressure-cured adhesive$ and adequately sealed panel or patch edges. The latter involves the use
of a minimum width peripheral bondline plus sealant.

The patch-type approach is generaily most expedient and economical where it can be used. For
larger repairs or highly stressed areas however, it may be necesmy to replace entire detail parts
Replacement of the damaged details aIlows the component to be restored to its original strength and
surface contour.

Rebuilding or replacement of detail parts (e.%, skins) may be in order when high semice temperatures
are encountered. This is because of the lower strength of the adhesives at the higher temperatures
and hence their Limitations in tmnsfefig structural loads. If a patch repair is used in these ~
it may be necessary to resort to mechanical fasteners. ~ibly in combination with bonded doublers
Allowable design strengths for mechanical fasteners are given in MIL-HDBK-5. The total thickness
of the skin plus the bonded doubler may be used for determining the beating strength.

3-1
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Tabie 3-1. –Guide to Repair Method Selection

Item Type of damage Type of structure Applicable repair section

1 Scratches

Light scratches in aluminum All 6.2.1

Light scratches in titanium All 62.1

Deep scratches All 6.2.2

2 Dents Honeycomb sandwich’ 6.3

Metal laminates 6.9

3 Delamination Honeyoomb sandwich 6.4

Metal laminates 6.9

4 Cracks Honeycomb sandwich 6.4

midpanel

Honeycomb sandwich 6.7

edge close-out

Metal laminates 6.9

5 Holes

Through one skin Honeycomb sandwich 6.4,6.5

midpenel

Metal laminates 6.9

Through both skins Honeycvmb sandwich 6.6

m“dpanei

Metal laminates 6.9.2,6.9.3

Other Honeycomb sandwich 6.7

6 Edge crushing Honeycomb panel zee 6.7

edge close-t

Honeycomb panel 6.8

trailing edge

7 Crushed core Honeycomb sandwich 6.5

--l

8 Presence of moisture Honeycomb sandwich 7.0

9 Corrosion All 7.0

.
.

“
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4.0 MATERIALS AND PROCESSING

4.1 MATERIAL SELECTION

This section contains information pertinent to the selection of materials used when making repairs
on or off the aircraft. The materials are classified into general use classifications as follows:

*

●

●

☛

●

●

●

●

☛

Metal-to-metal adhesives

Metai-t-core adhesives

Aerodynamic smoothers

Injectable honeycomb potting compounds

Splice adhesives: core-to-core, core-tcAitting

Core filler/potting compounds

Sealants/aerodynamic smoothers

Honeycomb cores

Glass fiber resin

The materials listed in tables 4-1,4-2 and 44 are intended as guides in making rqpairs No mstritions
are placed on the use of equally acceptable materials or equivalent except that their use must be
approved by the applicable authority, e.g, system manager or the aircraft stmctural engineer. THE
LISTING OF ANY TRADE NAME OR COMMERCIAL PRODUCT DOES NOT CONSTITUTE AN
ENDORSEMENT OF THE PRODUCf BY ANY GOVERNKENT AGENCY.

A brief description of the repair materials is provided in the following paragraphs.

4-1.1 ADHESIVES, ~AL-TO--AL AND META.LT@CORE

Several types of adhesives are used in bonded repairs. Adhesives are provided in various forms as
regular or foam tape, or in liquid form (fdled and unffled) to facilitate various repairs. The adhesives
included in this handbook have been especially sdected for their strength, tou@nes& environmental
durability, and processing characteristics.

Adhesives are available for various seMce temperatures. on the basis of the cure temperature and
upper seMce temperature limits. the adhesive-bonding repair materials are further classified into the
following types.

1. Room tempemture (RT) cure materials for 140 to 180° F setvice

11. Elevated temperature (up to 250° F) cure materials for 180° F smite

41
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Room temperature cure materials for 350° F service

Elevated temperature (up to 350° F) cure materials for 350° F service

Elevated temperature (up to 350° F) cure materials for 400° F service

Material selection criteria are based on various parameters influencing the repair. Within each type of
material, the upper service temperature and cure temperature, together with the strength properties
requirem~ents, are considered primary factors affecting material selection. The following items should’
be noted and used as guides:

1. Regarding the maximum service temperature:

● Requirements for the aircraft are defined in the applicable aircraft T.O. and should govern.

● A temperature of 180° F is generally applicable to subsonic aircraft such as transports.
Exceptions are the high heat areas around the engine and the auxiliary power unit (APU).

● Temperatures of 350° F and 400° F are more generally applicable to supersonic aircraft
such as fighters and attack aircraft.

2. When possible. equivalent elevated temperattue cure instructions are included for the RT cure
materials. These are for use where the repair schedule d~s not allow the longer RT cure period.

3. When possible, optional lower curing temperatures are provided for the eIevated temperature
curing systems. The use of the lower temperature cure may be desirable because:

Q

●

If the repair is in a local area, it maybe difficult to get the area up to temperature because
the heat is conducted away by the surrounding structure. This is the case when the
repair is near a heavy metal fitting or on heavy metal structure. In these cases, an adhesive
that allows a low minimum-heat-up rate may be required.

An adhesive with a cure temperature lower than that of the original adhesive may be
required if the part is repaired locally and not completely supported in a bonding tool.
This is because of softening of the surrounding adhesive. Generally, a cure temperature
50° F lower than that of the original cure temperature is acceptable.

4. Elevated temperature cure adhesives are generally preferred to room temperature curing systems.
They are typically stronger, tougher, and have better environmental resistance.

5. 1n general. among these elevated temperature cure adhesives, it is recommended that the
highler service temperature adhesives, i.e,. 350° or 400° F, not to be used when the 180° F
service adhesives are sufficient. This is because compromises have been made to gain the
highler use temperature. The 350° F or higher cure temperature adhesives typically have lower
peel strength and toughness.

.. .....

,*

.
.

.

‘.
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Adhesive primers associated with each adhesive material are recommended for use following surface
preparation. Both standard (noncorrosion-inhibiting) primers and corrosion-inhibiting primers are
suitable for repair applications. Corrosion-inhibiting primers typically require spray equipment of
the recirculating type. However, corrosion-inhibiting adhesive primers are preferred because of the
improved bond environmental durability. Alrdtying noncorrosion-type primers may be applied by
nonspraying methods such as brushing or wipin.g+n.

For small area repairs. the use of primers is optional if the elapsed time from surface preparation to
bond is held to a minimum, typically less than 8 hours. However, for large area repairs or refabrica-
tion, it is recommended that corrosion inhibiting primers always be used because of the use of
manufacturing and handling operations that are more prone to contamination

Manufacturers’ mixing and handling instructions should be followed for mixing and curing adhesives
Some typical mixing and cure conditions are given in table 4-3. General prepamtion procedures
for adhesive primers and fdm adhesive application are given in section 4.3.

4.1.2 ADHESIVES, CORE SPLICE

Core splice adhesive materials are used to join core-t-ore segmen~ or to accomplish core-to-extrusion
or core-t&itting bonds. Both foaming tapes and nonfoaming tapes are available as well as paste type
for buttering or trowel applications. Depending on the semice environment, room temperature cure
paste has the advantage of being easier to apply and can be cured prior to final a=mbly. On the other
hand, in most cases, heat cure splice bonds may be cured at the time of sh bonding The choiw of
which type splice adhesive to use will de~nd on the conf~gtion of the part, service environment,
and availability of materkk When a core splice is not available, multiple iayers of film adhesive may
be substituted.

4.1.3 AERODYNAMIC SMOOTHERS

Aerodynamic smoothers are used on the external surfaces of the aircraft in fastener head grooves, in
external sealing grooves, in .mps at skin panel splices. or to fair the edge of repair patches

4.1.4 POTTING COMPOUNDS, CORE FILLER

These materials are used to fti dents and core damage. These are usually resin adhesives containing an
inert ffler. They typically can be cured at room temperature or quick cured at moderate temperatures
Application is usually by trowel or spatula.

4.1.5 WITTNG COMPOUNDS, INJECTABLE HONEYCOMB

These matenaIs are similar to the other potting compounds except they have a lower viscosity for
injection applications.

4.1.6 SEALM?iTS/AERODYNAMICSMOOTHERS

Sealants used for repain will be dependent on the sewice temperature, aerodynamic Smoothne=
requirements. and fuellfluid resistance criteria. Both corrosion-inhibiting and noncorrosion-inhibiting
types are available for general applications and for semice temperatures to 350° F. (See table 41.)
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Material

4dhesives

metal-to; metai and

netal-to.core)

Type

I

II

Iii

Iv

Table 4-1. -Preferred Repair Materials List

krximum
service
temp

140° F

180° F

350° F

350° F

Cure
temp

Rl-

200°to
250° F

RT

270° to

350° F

Manufacturer’s
designation

EA 9309

EA 9320

As 401-1

kF 127-3

AF 126,

FM 73

EA 9628

BR 127b

EC 3950b

EA 934

AF 130

Manufacturer

The Dexter Corp.

The Dexter Corp.

Adhesive Engineering

3M

3M

American Cyanamid

The Dexter Corp.

American Cyanamid

3M

3M

aThe number after the slash indicates the non corrosion-inhibiting primer system normaily used with that adhesive.

bA corrosion. inhibiting primer, compatible for use with Type I I adhesives.

Federai
stock no

Remarks

Two-component

epoxy paste

Two-component

~pox y paste

Two-component

~poxy paste

hspported film

Supported film

Corrosion. inhibiting

primer

Corrosion-inhibiting

primer

Two-component

adhesive

Supported film

adhesive; used with

or without primer
I-J

P
w
co
W



al

—

uo0Inl-l

u
.

o0u
)m

u
&

u
o0

0
00

0
0==

w
.

.

uo00u



=?
0) Table 4- t.–(Continued)

r E 1

Maximum
Material Type service

Cure Manufacturer’s Manufacturer Federal
temp designation

Remarks
tamp

stock no.

Aerodynamic smootherc I 18’0° F RT EC2216AIB 3M Two-part epoxy
paste

Ml L-S-38228

Pro Seal 895 Coast Pro Seal

MIL.S-8!733

PR 1436G Products Research

Ill 350° 1= RT Metalset A-4 Smooth On Co, Two-part epoxy

paste

Honeycomb core, aluminum

Density Cell size

(lb/ft3) (in.)

3,1 1/8 Ill 360° F l/8-5052.O.0007N HexcelCorp. Also available in

other alloys (5056,

3.1- l/8.07 N(5052) American Cyanamid 2024) and other

densities and cell
4.5 1/8 Ill 350° F 1/8-5052-0.001 N Haxcel Corp. sizes,

4,5.1 /8-1 ON(5052) Amarican Cyanamid

8,1 1/8 Ill 350° F l/8%052-0,002N I=iexcel Corp.

8.1-1 /8-20N(5052) American Cyanamid

-

cNot to be used for structural bonding



Table 4.1, -(Continued)

Moterlol

+oneycomb core, fiberglass

Density Cell size

(lb/ft3) (in.)

4.0 3/10

7.2 3/16

Honeycomb potting

compound, Injectable

Honeycomb potting

compound, trowelabla

Type

Ill

Ill

I

Ill

Iv

I

Ill

Iv

Iaximum
s.ervlce
tamp

350° F

360° F

180° F

360° F

350° F

180° F

350° F

350° F

Cure
tamp

RT

RT

350° F

RT

RT

350° F

Mrmufacturar’s
doslgnotlon

HRP3/16GFll-4.O

HTP3/16.4,0

HRP3116.7.2

HTP3116.7.2

AS 401-1

Aerobond 2199

Epocest 1843 A/B

typo 4 grade A

AS 401.1

E/l 934 AIB

Epocrxt 1843 AIB

type 4 grade B

Manufacturer

Hexcel Corp.

Orbltex Inc.

Hexcel Corp.

Orbitex Inx.

Adhasive Engineering

Adhesive Engirmaring

Furane Plastics

Adhesive Englneerino

The Dexter Corp.

Furena Plestics

Fadaral
itock no.

Remarks

Glass-fabric resin.

reinforced core

Islsoavailoble in

other densities ond

cell sizes.

Two.part epoxy typt

compound

Two-part epoxy typf

compound

Two.part syntatic

foam

Two.part filfed

epoxv paste

Two.part filled

epoxy pasta

Two.part syntactic

foam

r-

t



Table 4- I.–(Concluded)

Material

Resin, glass fiber

Sealantsc

Type

I

Ill

I

Ill

%imw
service

temp

180° F

350° F

180° F

350° F

Cure
temp

RT

RT or

160° F

RT or

160° F

RT

RT

RT

Manufacturer’s
designation

Epon 828/812

Versamid 115/125

Epocast HT1835/

9816

Epocast FfT lt335/

946

Epocast 38/9231

MI L-S-81733
PR 1432G ‘

PR 1436 G

PR 1422 G

Ml L-S-8802

Pro Seal 890

Ml L&83430

Pro Seal 899

PRC 1761

Manufacturer

Shell Chemical

General Mills

Furane Plastics

Furane Plastics

Furane Plestics

Products Research

Products Research

Products Research

Coast Pro Seal

Coast Pro Seal

Products Research

Federal
stock no,

Remarks

For fiberglass

Iayup patching

For fiberglass

Iayup patching

Two-part epoxy

resin system for

wet Iayup

patching

Corrosion-

inhibiting chromate
type

For general

applications

where corrosion

is not a problem

For higher

temperature

applications

cNot to I)e used for structural bonding

. 4?. t
,} ,?
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4.] .7 HONEYCOMBCORES

Both aluminum and glawreinforced honqzomb cores are used in bonded repairs. Aluminum core
shall be a ncmperforated corrosion-resistant Iype per M IL-C-7438F. Wide ranges in.density and cell
size are a~.ailable. A few typical callouts are given in lable 4-1.

4.1.8 GLASS FIBER RESIN

Prepregs. glass fabric cloth. chopped glass fibers. and resins may be
if approved by the responsible engineering agen~v.

4.2 REPAfR MATERL4LS

used to repair aluminum panels

This section is divided into two parts. Section 4.2.1 comprises the materials incorporated in a repfi,
while seclion 4.2.2 is for miscellaneous or nonincorporated materials.

The preferred repair materials list is given in table 4-1. This lists the material type, category, manu-
facturer’s number. manufacturer’s name. federal stock number where available. storage life, and
general remmks

A list of alternate materials is also given (table 4-2) for each type under the applicable categories.’

Table 4-3 in section 4.2.1 gives the mix”mginstructions, cure conditions, or handling information,
and work life of some repair materials.

Cleaners and surface preparation and comosion protection

4.2.1 MATERIALS INCORPOWTED IN THE REPAIR

Referred Repair Materials

materials are found in table 44.

Table 4-1 provides a listing of candidate materials for each type of repair material in me various
categories depending on service temperature and cure temperature. This is a preferred material list.
If the listed materials are not available under the appropriate type and category, proceed to table 42
for the ahemate materials list. If the materials listed there are also not available, use a substitute or
equivalent with the approval of the appropriate authority. For adhesive materials, specifications
MMM-A-1K! and MIL-A-25463 provide source information and minimum strength requirements.

Alternate Materials

Tab\e 4-2 gives the alternate materials in each category for each general type. The intent of t his
list is to provide alternate callouts for materials if the !isted materials in table 4-1 are not available.

This list has been compiled from various technical ordem (T.O.’S)and repair documents applicable to
the semices. Wlen the desired material to be used for a repair is neither listed in table 4-1 nor 4-2,
obtain approval from an applicable source for use of equivalent materials.

4-9
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Table 4-2. -A@rnate Repair Materials List

Material

Adhesives

[metel-to.mettrl and

metal-to-core)

I

II

Iv

v

140°F

180° F

360° F

350° F

400° F

RT

200° to

250° F

270° to
350° F

350° F

350° F

EC 2054

EC 1761/EC1752

Tama 200PB.2

EA 9601/EA 9621

AF1l

Ffvl 47

Epon Vlll/A

Metbond 329

FM 611 BR227

FM 96 f0R227

AF 131

Plastilock 677

HT 424

3M

3M

B.F. Goodrich

The Dexter Corp.

3M

American Cyanamid

Shall Chemical

Narmco

American Cyanamid

American Cyanamid

3M

B. F. Goodrich

Ameritxm Cyanamid

Use for small area

metal-to-metal bone

repairs

L.J
u
-J

w

P
UJ
0)
LI

v
. .’
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~
?’able4.2. -(Con thwed) ~

u
w4Maximum Cure Mwrufsrcturer’$ Federal

Material Type nsrvice dealgnatlon
Menufrrcturer Remorks

temp
temp stock no.

\erodynamlc smoother a I 180° F FIT As 401-1 Adhedve Engineering

EA 9309.2 The Dexter Corp.

Epocast 8$61 Furane Plastics

Narmco 3135 plus Narmco

glass fibar

Ecron 828 plus Shell Chemical

Versamid 12S plus General Mills

aluminum powder

Ill 180° F RT EC 6123 A21B2 3M

injectable honeycomb I 180° F RT EA 0300.2 The Dexter Corp.

potting compound
Narmco3136 Narmco

EC 1751JEC 1762 3M

Epon 828/DTA Shell Chemical

Epon 828/812 plus Shell Chemical

Versemid 116/126 General Mills

Epon 828 plus Shell Chemical

Ver$omid 126 Plu$ Generol Mills

aluminum powder

Ill 360° F RT Esson 9300 A/8 Shell Chemical

.—

~ a 00 not use for slruclurtrl bondino

4



Table 4-2.–(Contimd)

Material

ln~ectable honeycomb

potting compound (cent)

2ore splice edhesives

2ore filler

“,,

l-ype

-

Iv

I

II

v

I

rlaximum
service
temp

350° F

180° F

180° F

350° F

180° F

360° F

RT

200° to

250° F

350° F

RT

Manufacturer’s
tiik~fi~ti~ti

Epocast 8542138

Epocast 924218542B

Epon 828/812 plus

Versamid 115/125

EC 1751JEC 1752

Epon 815/T plus

microballoons

FM 37

Reliaboncf 3709

HT 424Toam

Plastilock 653EX

EC 1751 AIB

,Epon 828/DTA plus

aluminum powder

Corfil615

Epocast 8651

Epon 828 plus

Versamid 125 plus

aluminum powdar

Manufacturer

Furane Plastic$

Furane Plastics

Shell Chamical

General Mills

3M

Shall Chemical

Amarlcan Cyanamid

Reliable Mfg.

American Cyanamid

B. F. Goodrich

3M

Shall Chemical

American Cyanamid

Furane Plastics

Shell Chemical

Ganerat Mills

, ,,.

Federal
siock no.

Rernark.s



Materiel

Core filler [cent)

Gless fiber resin

Type

Ill

I

rleximum
service
temp

350° F

180° F

Table 4.2. -(Concluded)

cure
temp

flT

RT

Manufacturer’s
deslgnotlon

Ec 2216

Aerobond 2219 AIB

plus gless fiber

Nermco 3136

Narmco 71 26/3147

Epon 8281DTA

Menufecturer

3M

Adhesive Engineering

Narmco

Nermco

Sheil Chemicel

Federel
stock no.

Remarks

r



Material

Adhesives

(metal-to-metal

and metal-to-core)

Manufacturer’s
designation

EA 9320

EA 9309

AF 127-3
AF 126

FM 73

EA 9628

EA 934AIB

AF 130

Reliabond 398

FM 400

Table 4-3.-Repair Materials Pro(

Storage life

12 months at RT

12 months at RT

6 months at 0° F

for adhasives and

40° F for primers

4 months et RT

Six months at 0° F

for adhesives and”

40° F for primers

Six months at 0° F

for adheslvas end

40° F for primars

Slx months at 0° F

for adhesives and

40° F for primers

Mixing
proportions

100 parts A

25 parts B

100 parts A

22 parts B

Film form

100 parts A

33 parts B

Film form

Film form

Film form

!ssingData

Working life

30 min at 65°

to 80° F

60min at 65°

to 80° F

7 to 10 days

open time in

controlled

room condi-

tions

1 hr et 65°

to 80° F

1 to 7 days

open time in

controlled
room condi-

tions

1 to 7 days
open time

(protected) in

controlled

room condi-

tions

Curing
conditions

7 days at RT

or 2 hr at

160°’F

1 brat 1500F

12 hr handling

5 days RT cure

60 to 90 min

at 225° to

250° F or

120 min at

200°F

5 hr at RT plus

1 hr at 160° F,

or 6 days at RT

60 min et

350° F or 120

min at 270° F

60 min at

350° F

60 min at

360°F

,,
.’

Remarks

Mix only the emount of

material that can be used

within the working life

Mix only the amount of

materiel that can be used

within the working life

Cure the as~embled part

as soon es practical or

leave under vacuum

Mix only the amount that

an be used within work-

ing life

Cure the assembled parts

as soon as practical or

leave under vecuum

Cure tha assembled parts

as soon as practical or

leave under vacuum

Cure the assembled parts

as soon as practical or

leave undar vacuum



t I
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Table 4.3. –(Conthwd)

Material
Manufacturer’s

Storage Ilfe
Mlxlng

Working life
Curing

designation
Remarks

proportions conditions

krrodynamic EC 221s3 Ml 12 months etRT 140 partt A 2 hr et 66° 24 hrs at RT or Use for smoothing appll.

moother 100 parts B to 80° F 2hr IJt 160° F cation only

Motalset A4 12 months et RT 100 parts A 112 hr at 65° 24 hr et RT or Mix only the amount that

100 parts B to 80° F 1/2 hr et can be used within the

160° F working life

njectabhs honey. AS 401.1 6 months at RT 100 parts A 2 hr at 65° t2hrat RT Mix only the amount that

:omb potting 16 parts B to 80° F or 112 hr at can be used within the

:ornpound 160° F working life

Aarobond 2199 6 months at RT 100 parts A Open time Is 2 hr at 270° F Cure sssemblad parts as

40 parts B 1 to 7 deys soon es practical

Epocast 1B43, 12 months at RT 100 perts A 6 hr at 65° 2 hr at 200° F Grade A is pourable

type 4, grade A 18 parts B to 80° F plus 1 hr et

350° F

Doresplice EC 1761 A16 12 months atRT 100 partc A 46 mln at RT 48 hr at RT or

adhesive 60 parts B 1 hr et 150° F

AF 3006 6 months et 0° F Tape form Operr until 200° to 260° F

beet cure for 60 min

[ ~

A~ 3016 6 months at 0° F Tepe form Open until

class heat cure

I

Use for joining core-to-

a260 Thermofoem 6 months et 0° F Tape form Open until
core pieces to form large

3050 beet cure
sections or to splice to

original core

FM 41 6 months at 0° F Tape form Open until

beet cure

P
‘Cless 260 Is a 260° F curln~ systtrni

G



Material

Core splice

adhesive (cent)

Core filler

31assfiber resin

Manufacturer’$
designation

Plastilock

854

Class

b350

AF 3015

Thermofoarr

I3050FM 41

Thermofoam 3009

AS 401-1

EA 934 A/B

Epocast 1843,

type 4. grade B

Epon 828/812

Versamid 1 t5/126

Epocast 3B

Hardener 9231

Epocsrst HT 1835

Hardener 981 b

Epocast HT 1835

Hardener 946

Class 350 is a 350° F curing system

!. .

Table 4-3.–{Concluded)

.Storage life

6 months at 0° F

S3months at 0° F

6 months at 0° F

6 months at 0° F

6 months at 0° F

6 months at RT

12 months at RT

for resin; 6 months

at 40°. F for catalyst

12 months at RT

12 months at RT

12 months at RT

12 months at RT

12 months at RT

Mixing
propordon

Tape form

Tape form

Tape form

Tape form

Tape form

100 parts A

15 parts B

100 parts A

33 parts B

100 parts A

15 parts ~

Equal parts

of each

component

100 parts

20 parts

100 parts

10 parts

100 parts

15 s)arts

Working Iif

Open unttl

heat cure

Open untit

heat cure

Open until

heat cure

Open until

heat cure

Open until

heat cure

2 hr at 65°

to 80° F

1 hr at 65°

to 80° F

3 hr at 65°

to 80° F

2 hr at 65°

to 80° F

10to 12hr

at RT

1 hr at RT

1 hr at RT

Curing
conditions

210°to 350°
for 60 min

350° F for-

60 min

12hrat RT

or 1}2 hr at

160° F

5 days at RT o
5 hr at RT PIUS

1 brat 160° F

1/2 hr at

170° F @SS

1 hr at 250° F

24 hr at RT or

1 brat 180° F

300° F for

1 hr

12hrat RTor

2.5 hr at 160° f

5 hr at RT or

2,5 hr at 160° F

,.

Remarks

Use for joining core-to-

core pieces to form larg

sections or to splice to

original core

Use for core potting or

filling

Use for core potting or
filling

Grade 8 is nonflow paste

Use for fiberglass patch

repair

Usefor fiberglass patch

repair

1-
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Follow the mxmfacrurer’s recommended mixing mtios for those materials that require on-site
mixing prior to use. Addition of filler materials such as aluminum powder o: microballoons to improve
application and handling are optional.

Mixing and Curing Requirements

This section gives the mixing information. cure time. and working life of mixed materials. The
working life listed in table 4-3 represents typical time for small batch conditions. Mix only the
amount of material that can be used up within the specified time. In general the information given
represents typical conditions. Specific applications may require deviation from the given conditions.
In those situations. the manufacturers’ recommended mixing instructions. heat-up rate. cure time. and
pressure requirements should be followed.

Fihn adhesives are available in varied weights ranging from 0.03 to 0.20 lb/ft2 or thicknesses from 5
roils to 20 roils. Typically. the thicker films (10 to 20 roils) are used for sandwich panels in skin-to
core bond to improve fiilet formation and bond strength. The thinner films (5 to 7 roils) are used for
metal-t-metal bonds such as doublers, closeouts. or fittings. For repair in general, a 10 mil adhesive
fti is recommended for metal-t~metal applications and a 15 mil thick film is recommended for
metal-t o-core u=ge.

Cleaners and Comosion Protection Materials

This section lists cleaners and components to prepare corrosion protection solutions (table 4-4):

Observe the following precautions when handling or mixing the cleaners or solutions.

● Avoid skin contact

● Wear safety goggles

● Wear rubber gloves

● Mix and use in ventilated areas

Directions on the use of specific materials are contained in the ~pair procedures sections. 6.0 and
7.0. surface preparation section 5.0. and para 4.3.4 for application of promctive chromate
conversion coating.

Where MEK is called out as a sotvent for cleaning, Freon or other equivalent soivents may be used if
MEK is prohibited. CHECK LOCAL SAFETY REQUIREMENTS.

Exercise care when using solvents. atkaline cleaners, or acid on the aircraft structures. as these
materials can damage insulation materials, cause subsequent cofiosion. etc.

Additional information on dvents can be found in T.O. 4’A1-I -3.

4 i7



‘Table 4-4. –Cleaners and Corrosion Protection Materials

Manufacturer’s no. or
Material specification no. Manufacturer Mixing instructions GenQFQ! Fen’!arb

Alkaline cleaner MI L. C-26769 Any source Cleaning scratches

penetrated clad surfaces

Chromate conversion MI L-C-5541 For corrosion protection

coat ing MI L-C.81706

Alottine 1200 Am Chem Products 3 oz of Alodine 1200

Amber, Pa powder to each gallon

Iridite 1200 of water

Turco 4178

Chromicoat L25

Chromium triox icie 0.C-303 Any source Mix 50 g of chromium Neutralize caustic soda

triozide to 1 liter of solution

water

Cleaning solvent MI L.C-38736 Any source

Distillad water Any source Solution make-up

Gelled phosphoric acid PR 50(10%to 12%by Products Research Use as received Anodize aiuminum

weight) Glendiiie, Calif,

Hydrofluoric acid 2% aqueous soiution An~ source 2 perts HF by volume to Cleaning aluminum

98 parts water

Paste cleanar PasaJell 105 Products Reseerch Use as received Aluminum surfece

Giendale, Cailf, preparation

Paste cleaner PasaJeil 107 Products Research Use as received Titanium surface

Glendale, Caiif. preparation

,’ ?.
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Table 4-4. -(Concluded)

Manufacturer’s no, or
Mater[al specification no, Manufacturer MixingInstructions Gtrnerol remarks

Phosphoric acid Fed spec 0.04370, 76% Any source Make 10% to 12% solution Anodize eiuminum

concentration by weight;

mey be thickened by

eddlng CebO.Sil to form

paste (e.g., add 1/2 gallon
Cab.O.Sil to 200 ml acid)

Sodium hydroxide Any source Mix 1 oz of 60% sodium

solution hydroxide solution to 40Z

(caustic soda)
of water
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~.~.~ ~~~,TER]ALS NOT lNCORPOR,~TED i~l THE REpAIR

The materials listed in table 4-5 are inmncied to serve as guides and typical source callouts. Approved
equivalcn’rs may be substituted as alternates to those listed. The list is merely for use as a convenient
reference for sources of supply. 11is not memt to give favorable endorsement to the particular
suppliers ‘Iisttd.

4.3 MATERIALS PROCESSING

This section presents information concerning primer preparation and application. tllm adhesive
preparation and application. and paste or liquid/paste adhesive preparation and application. Only
guide infcmnation is provided in each of the areas. Specific information and data should “be obtained
from the :applicable specifications. manufacturer’s instructions, and related documents.

4.3.1 PREPARATION .4ND APPLICATION OF PRIMER

Depending on the availability of spray equipment and the size of the repair part, corrosion-inhibiting
or noncorTosion-inhibiting primers may be applied either by spraying or manual brush or wipe-on
applications. The use of primers is recommended to improve durability and prevent contamination
during handling and assembiy.

It is reconnmended that corrosion-inhibiting adhesive primers (CIAP) be used for the RT- and 250° F-
curing adhesive systems if equipment and skilled personnel are available. CLAP surfaces are generally
compatible with a wide variety of adhesive systems. Impro+ed bond durability is obtained with CIAP
primer compared to standard non-CI.AP primer. Another advantage of using CIAP primer is that
cured CLAP-primed skins or details may be stored for one to three years when protected from con-

tamination or exposure to sunlight (see section 1.2.5). IF IT IS NECESSARY TO REMOVE THE
PRIMER AFTER .4PPLiCATION THE NONTIAKED PRIMERS CAN BE REMOVED WITH A SOL-
VENT. THE BAKED PRIMERS MUST BE REMOVED BY MECHANICAL ABRADING.

Xonspray Method of primer Application

1. Condition the refrigerated primer by allowing it to come to room temperature prior to opening
the container.

~-. Do not use primer containing lumps or indication of gellation.

:-. Agitate or stir The primer to assure a homogeneous mixture. When applying CIAP primer by
a no:nspray manuai method (e.g. wiping). agitate prior to each application to restore suspension
of sc)iids.

4. Brush or gauze-wipe a’smooth. uniform tllm of primer on the cleaned surfaces.

5. Allow to air dry for 60 minutes and then bake as required by manufacturer’s instructions.

4-20



Table 4.5. -Mhcel1eneous and Nonincorporated Moterials

Manufacturer’s no. or Fetlaral

Materials spaclficatlon no. Supplier stock no. Generel remarks

\
Protective coating TEC 666P, TEC 556. TEC Chemical Co.

(temporary) 6625P, or TEC 755A 624 Monteray PISSSRd.

Monterey Park, CA, 91764

Dop Coat 6020/CA.S Deutsch AIC Products Co.

Catalyst

Dap Coet 1001 Daut8ch A/C Products Co, Provide temporery protection on panel skins

or details

Turco 622.66 Turco Product, Inc.

Cltem.Mill and Coatings Div.

24600 S. Mein St.

Wllmlngton, CA 90744

Organoceram 1.20S0 Hitco, Orgarroceram Div.

U.S. Polymerlc

P.0, BOSS2187

700 E. Dyer Rd.

Sante Anne, CA, 92707

Protex, Peper 50 Mask.Off Co.

345 W. Maple

Monrovia, Catif. 91016 )

Putty, noncuring MIL.S.1103O Presstlte Engr. Co. Vacuum sealing tape

zinc chromete Type I St. Louis, Mlsmuri

782,9 grey

787.9 red

G.S. 43 or 213 General Saalants Vecuum.sealinQ tape

Foster 9t32 Foster Co. For fil)argless parts only “

MIL.P.8116

t-
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Maturids
.. ———. -.. —.— .

Release agent

Release.film

. . ——— .——...-. . ..
Manufacturer’s no. w

sfmcilicatism no.
.- ..-.--— _—. —

Garan 225

Frekote 33

Release AII-1OO

Petrolatum VV.P.236

FEPor TFE

0.0015 or 0.002

in. thick

Tcrflon, perforated

0.0015 or 0.002

in. thick

Modified halocarbon

(TFE), solid and per-

forated, E3760 0.0015

or 0,002 in, thick

Coated fiberglass peel

ply, nylon style

113301-F68

Dacron peal ply

Table 4-5, -( Crwtinued)
-—. — .——- ...-. .. . . .

Supplier
—— -.——

lwn Chemical, Inc,

;ardtwir, Calif.

‘rekote, Inc,

ndianapolis, Ind,

iirTech International

lny Source

)uPont

.OS Angeles, Calif.

Jniversal Plastics

ieattle, Wash,

iir Tech. International

;oast Mfg. & Suppiy Co,

h.srlington ind. Fabric

dew York

Federal
stock 110.

..— —— ..--—

—

—.-.. . ..-...—-.-.—.. . ... . .. . . . . .

General remarks
.—— —— .—— ..___. _______

Use for mold or tool release

Use as parting film on catsl plate, tooiing

. ...



Msstoriols

Solvents, generol

purpostr

WARNING:

Note precautions

thet should be used

when hendling

solvents.

S00 soclion 1.3

Solvents (cont.)

. -- .....-..-=- .----- .... ..-. —.

Manufacturer’s no. or
speclflcotion no.

Acetone O-A-51

Meth@ethyl Ketone

TT.M-261

Tricholoroethane

O-T.620

Methylisobutyl Ketone

TT.M.266

Tohsone TT.T.548

Xylene TT-X.916,

fyasfe A or B

Allphsrtlc naptha

TT.N.95

Denoturecf alcohol

MIL.A-6091

Isopropyl alcohol

TT-I-735

Arometiti neptho

TT.N.97, tvI)O t

Ethyl rrcetrrlo

TT.E.761

. ..-. —.— ..- —.--.—

Table 4.5. -(Continued)

Supplier

Any source

Any source

Any sourco

Any source

Any source

Any source

Any sourco

Any sourco

Any source

Arty source

Any sourco

——--.—.

Federal
stock no.

?G681O.OO.

189.4796

IG661O.OO.

?81.2785

3G681O.OO.

226.3765

3G681O.OO

281.2002

9G681O.OO

257-2480

. —.

Gentrrel remerks

Use for Ueneral purpose cleaning not

for use in vapor dcgrcasing tenks)

May he used for general purpose cleaning or

vapor Sfeoreaslng. 00 NOT use to ckren

titanium because 01 hydrogen eml]rit tlement.

Use for general purpose cleanin~

(not for use in vepor degreasinct tenks)

Usc for general purpose churning

(not for MO in vtrpor dnflrerisin~ tanks)

-—-.. ——.. ... —-. —--. -...—-.....—-
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Manufacturer’s no. or Federal

Materials specification no. Supplier stock no. General remarks

Tapes Plestic tape, nylon (855) 3M \

Aluminum tape (P12) Permacel

MIL-A-148 L-T-80

Use for general purpose aid in surface

High temperature Borden Chemical Co. preparation, Iayup for bonding and

masking tape UU.T. 106 adhesive flash control

Mystic 6325

Double-back tape # P50 Permacel

Lead tape 3M !
Scotchbrand 420

Vacuum bag film PVA Reynolds Co.

Grottoes, Vir.
\

Mylar 2 Mil 106 in, DuPont

Nylon 2 or 3 Mil DuPont Plastic film used for vacuum bags over,
* bonding area during cure operation.

Nylon, VacPac Air Tech International

#8171 2or3Mil

Tedlar 200 DuPont

SG40TR (PVF)
I

Vacuum b~g scalar Zinc chromate sealing Schnaa Morehead Chemical Vacuum-sealing tape
compound, no. 5144 Irving, Texas

Butyl tape PTI Vacuum sealing tapa
Dayton, Oh

P

G
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Manufacturer’s no. or
specification no.

Miscellaneous

,.,.,----- .,,- ... . ... .. . ....

Clwesaclotl\e

oilfrea, Iintfree, CC-C-44

Cloth, rumple, purified,

polisflirrg fabric, Iintlew,

No. 301

Kraft paper

UU-P-268

Osnaburg cloth

CCC-C.429

Armalon 95.063

Teflon-coated glass fabrl

TFE impregnated

fiberglass STL & STM

typo

Glsrssfabric

181 Volan A

191 Volan

MI L-C.9084

Aluminum powder

typa II 1, grade F

MIL.A.512

Pumice

SS.P-821

FF grade or finer

...... ......- ........... ... ..... .. ..

Table 441-(Continued)

SIIpplier

Any sourco

Kendall Co.

14ny source

Any source

DuPont

CormHard Rubber Co.

Any source

Any source

Any source

. . .. ............ . .. ... ...... .. .. .

Federaf
stock no.

8305.00-262-
3321

.-. ... .,... ...... .....

.

General remarks

Use to apply acids, solvents;

for hand rinsing, etc.

Use to wrap detr!il parts after

claaning for temporary storago

Use to absorb excess resin

during cure

STL Is perforated

STfvl Is nonporforated

Uso as 0 rosin fifler

. ,.,,...,,.!.,. “.. .-,..... ,, ..., ,. . . . . .,, . .



Table 4.5.–(Concluded)f’
N
0s

, ..._-,-,-nrwmerwm

Miscellaneous (cent)

Manufacturer’s no. or
:4;..,. :.-...Sprrcll*uut!”, * rw.r
L

Dry ice

pH paper

Litmus paper

Cabot Corp.

125 High St.

Boston, Mass 02110

Any source

Any source

Zzir.--

6830.247-0619

General remarks

Use as filler to thicken resins or

acids

To check acid or alkaline conditions

To check acid or alkaline conditions

aChee$ec[oth, shall conform to the following analysis when tested per CCC-T-191, Method 2611 (extraction shall be made on ‘otvents

listed):

1, Grease and oil content ~ 1.0% of dry weight based on carbon tetrachloride extraction.

2. Acatona soluble content is 5,0% max. of dry weight,

3. PI-I of water extraction is 5.0 to 7,5.

4. Water soluble contant is 1.0% max. of dry weight; not applicable to gloves,

P
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6. The thickness of the primer is essential lo obtaining acceptable bond properties. Dried film
thickness may vary from 0.0001 to 0.001 inch or as specified by the supplier, depending on the
type of primer system used. Fiim thickness may be checked using an isometer (e.g., Foster
Isometer 2.082. West Germany) or similar instrument. e.g., Permascope, Dermatron.

7. If bonding is not completed immediately. protect the primed details by wrapping in wax-free
Kraft paper, black polyethylene fdm, or a comparable material.

Preparation and Application of Adhesive Primer-Spray Method

!. Condition primer as in section 4.3.1, NonsPraY Method of l%mer Application, steps 1,2, and 3.

7-. The type of primer, solids content, viscosity, $oIvents, etc., alJ affect the spray conditions to be
used.

Follow manufacturer’s recommendations for spray procedures, or use the following suggested
con~~tions.

Spnty gun
Air cap
Needlenozzle
Line pressure
FIuid flow
Pot pressure
Distance from panel
Primer thickness

DeVilbSs MBC
No. 78
AV-1 5$X
30 tO80 lb
Approx. 5 fluid ozlmin
i to 2 psi if applicable
9 to 14 inches
0.0001 to 0.001 inches (depending on primer type)

NOTE: Ressurized bottles such as the “PrwaJ” may be con-
veniently used to spray primer on small areas, $.ee
f@re 4-1.

3. Sprayprimer in a uniform coating to the cleaned faying surfaces.

4. Air dry or air dw/bake per manufactumr’s brochure.

5. Check thickness and protect surface as in section 4.3. I (Nonspray Method of primer Application),
steps 6 and 7.

4.3.2 .4PPLICATION OF FILM ADHESIV=

1. Condition to ambient room temperature before opening the wrapper. Record adhesive “out”
time and keep a cumulative record. Requalify or discard when the at[owable out-time specified
in the specification has been exceeded.

?-. Solvent-clean cutting tools, templates. and other equipment used for laying out the adhesive.

427
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-a

-.,

Figure 4- l.-?revai Pressurized Spray t%ttie tvApp{y Adhesive Primer

CAUTION: DO NOT Touch the Adhesive with Bare Hands or
O$he~ Parts of the Body. Clean WI&e Gloves MW
BeWorn When Handiin: Cleaned Details, Adhesives,
or Other Parts During Lay-up. .,, . .,

3.

4.

5’.

6.

7,.

$1b.

9.

For metal-to-metal md rnetai-to-core bonds, apply a layer of adhesive film to one of the
prt?psreci surfacts to be joined. A smali amount of heat may be applied to tack the
adhlesive to the metal part.

Do nol fold. stretch. or otherwise thin tht adhesive.

Leave the separator sheet on the W.t of the adhesive exposed to the atmosphere as a temporary
pw+tection cover.

Prtss the adhesive smoothly in place. Avoid air entrapment.

Trim the adhesive film to leave approximately 1j~-in. excess beyond the joirtt perimeter. The
adhesive film, mus~ not be iess than net (i.e.. not less than the size of the part?. Th~ details may
be used as templa~es for cutting tht fiim.

Remove the remaining sepaiator sheet just prior to assembly of the detaik.

f%pare for cure as specified in section 7.11. Vacuum Bagging.

.
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4.3.3 PREPARATIONAND APPLICATION OF LIQUID/PASTE ADHESIVES

1. Allow any adhesive removed from refrigerated storage to reach room temperature prior to opening
the container.

-1
-. Weigh amount per manufacturer’s instructions or as noted in table 4-3.

NOTE : lMixonly the amount of material that can be used with
the specified working life. A large quantityof mixed
material will shorten the working life (exothennic reaction)
and hasten the gel time.

3. With preweighed or premixed component mate~is, folIow manufacturer’s mixing and application
instructions

4. Mix to homogeneous mixture as to color change or uniform color. Mix slowly to minimize air
entrapment.

5. Apply uniform coating to each fayirtg surface by trowel, brush, roller, etc.

6. @mble the details.

7. Secure in place.

8. Bag or apply pressure per section 7.11, Vacuum Bagging

9. Cure as specif7ed by the manufacturer or as given in table +3.

43.4 PREPARATIONAND APPLICATIONOF PUTT’IIVGCOMPOUNDS
. .

1. Allow refrigeration-stored materials to reach room temperattuw before opening to prevent
moisture condensation.

2. Mix potting compound materiak per the mixing ratios in table 4-3 or as specified by the manw
facturer’s instructions.

3. Apply the mhed materials by injection, trowelbng, or other suitable method.

NOTE: Mix only the amount of material that can be used with
the specified working life. Large quantity of mixed
material will shorten the working life (exothermic reac-
tion) and hasten the gel time.

4- Cure potting materials per table 4-3 or as specif~d by the manufacturer’s instructions.

5. Do not handle potted assemblies until they have been cured.

4-29
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4.3.5 PREPARATION AND APPLICATION OF CHROiMATE CONVERSION COATING, M~LC-
5541, CLASS 1A (e.g., ALODINE 1200)

Any repair process which bares the originai structure requires a protective treatment. The treatment
acts as a paint base and corrosion inhibiter. Aluminum alloys oft he original structure require
subsequent conversion coating in cases where repair processes expose areas to possible corrosion.

NOTE :

CAUllON:

Instructions given in the following paragraphs apply
specitkdy to A.Iodine 1200, which is one of the more
commonly used conversion coatings. If another coating
listed in MIL-C-5541 is to be used, follow the manu-
facturer’s recommended application instructions or
your locally prepared specii7cation.

Cloths or other materials used to apply the conversion
coating should be rinsed out thoroughly in water
after use and deposited in an approved safeti con-
tainer. DEpose of chromate conversion and rinse
solutions per local safety and health regulations.
(Chromates plus organics constitutes a fire hazard.)

Preparationof Alodine 1200 Solution

1,. ?vlixby roiling the contents of each container of Alodine 1200 powder thoroughly on clean
paper prior to withdrawal of fraction to be used.

2. Add 3 oz of Alodine 1200 powder to each gallon of water used.

3. Mix in stainless steel or acid-resistant container. (Do not use lead or glass.)

4. Stir well until powder is dissolved.

NOTE: Compliance with mixing procedure is required for a
satisfactory solution. A small amount of material
that may settle out of solution can be disregarded.

5. Allow the solution to stand at least 1 hour before use.

NOTE: A dirty solution is unsatisfactory. Prepare in small
quantities and discard after use. If nondistilled water
is used, adjust pH range from’ 1.50 to 2.00 by addition
of nitric acid. Check range by the use of pHydrion.,
paper #6078 1. Add no wetting agents or other
materials to this solution.

Prepare the Surface For Alodme (Except Adhesive Bonding Surface*)

1. Mask aII surfaces Ii?cely to be contaminated by runn~g, dripping, ‘or splashing of ke tiiition.
. ]?ainted, anodized, or previously alodined surfaces need not be masked.
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.

2.

3.

4.

5.

6.

7.

CAUTION: Chromate convemion coatings must not be allowed to
come in contact with high strength steels as they may
cause hydrogen embrittlernent.

Seal or plug all holes. gaps. and inlets to assemblies containing honeycomb or foam plastic with
suitable sealing or caulking material or rubber plugs to prevent entry of any solution.

Clean area to be chromate conversion coated with a iiquid solvent degxeaser by using a clean
brush or oi}free gauze or cloth. Dry with warm air or wipe dry.

Remove ~he existing orggnic and inorganic finish from the repair area. Remove the hydratilic
fluid resistant finish atthe same time the inorganic coating is stripped- Strip the inorganic
coatings such as anodize or alodine mechanically with a nylon abmsive wheel or aiuminum
oxide paper. Clean all signs of organic and inorganic coatings until a uniform, bright, shinY

aluminum surface is obtained.

Vacuum or wipe the abraded area with dry. oil free cheesecloth to remove loose panicles and
residue.

Wipe with cheesecloth dampened (not satumted) with solven~ Repeat using ciean cheesecloth
until no Wlble residue transfem to the cheesecloth.

Allow to dry for a minimum of 15 minutes.

*Where the Ah&e 1200 is applied on a surface to be adhesively bonded, the surface shall be
prepared per instructions in section 5.0 prior to application of the aiodine.

Application of Aiodine 1200

1. Apply Alodine 1200 evenly and liberally with a fiber or nylon brush, clean cheesecloth, or a
cellulose sponge.

2. Allow the solution to remain for 3 to 4 minutes to forma bronze or golden brown coating.
Keep the treated area from drying by gently blotting with cheesecloth moistened with Alodine
1200.

3. Rinsewithclean water by gently contacting the treated surface with wet (not saturated) clean
cheesecloth. Contact (blot) for 1 to 2 minutes and repeat.

CAUTION: E.xercke care when rinsing and conwcti= treated
surface to avoid scratching or removing the freshly
formed coating.

4. Gently contact the surface with clean dry cheesecloth to absorb excess liquid. Repeat as
necessary.

5. Check crevices with blue litmus paper for possible acid contamination. If litmus paper turns
red, acid is still present and steps 3 to 5 should be repeated.
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0.25

-.

I

0.30
0.:!0

*0.1 O max (other dimensions of this seal

are typical of those shown for outside seal)

7
Fillet seal

1]

Brush coat liquid over rivets

G-Q,,..

p

See detaii 11

Q fastener (typ)

‘u’...:..
Flush edge sealing

Detail 1

0.25 ;:

!

i .....
‘-.,

r

Fillet confquration

for skin thickness of

0.061 and greater

Detail 1

Fillet configuration

for skin thicknesses

to 0.080

+ ~0.12to0.18

Ncme: The fillet seal configuration shown

is suitable for both bonded metal-

to-metal or honeycomb sandwich

construction.
‘+

0.12 to0.18

O.OB to 0.13

Detail of fillet seal

at stiffener (typ)

.,
.

.

Detail II

.
Figure 4-2. -Sealing of Bonded Repah
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6. Room temperature air dry or hot air ( 140° F maximum) dry.

LA UTION: Dispose of chromate conversion and rinse solutions
per local safety and health regulations.

4.3.6 PREPARATION AND APPLICATIONOF SEALANTSAND AERODYNAMIC SMOOTHERS

1.

9
A.

3.

4.

5.

6.

7.

8.

Allow refrigeration-stored materials to reach room temperature before opening to prevent
moisture condensation.

Prepare the applicable environmental sealant or aerodynamic smoother compound according
to manufacturer’s or specification instmctions.

Obsene safety precautions.

Remove adhesive flash at the edge of bonded joints as required. Leave approximately a 45°
fflet for sealing of edge,

Wipe clan with Sctlvent and raq until clean rag shows no sign of soil. Wipe

dry with clean towel or cloth.
Apply conversion coating (see sec. 4.3.4) to aluminum surfaces that will be finished with an
organic coating Do not treat aluminum surfaces that will not receive organic finish, titanium
surfaces, and fibaglass surfaces.

Apply sealant to or apply aerodynamic smoother to all repair adhesive bond lines (see fg. 4-2).

Cure the sezdantor smoother per applicable instructions or specifications.

1 member 1982

4.3.7 PREPAIL4TIONAND APPLICATIONOF FINISHCOATINGS

1. Clean the repair area in accordance with the applicable T.O., &IL T.O. 1-1-1.

2. Prime the surface with the applicable primer according to the specific-23 T.O. callout; a.iso
refer to T.O. 1-14 and T.O. 1-1-8.

3. Top coat with the applicable finish as required per the specific-23 T.O. callout; ako refer to
T.O. 1-1+ and T.O. 1-1-8.

4.4 MATERLAL COMPATTBIUTY

.

Some adhesive systems are more sensitive and less compatible with certain hand surfac=preparation
procedures than others For example, some adhesive systems provide poor bond durability with the
~% ~ me~od, section 5.3.2 whjle o~ers @ve sa~ fa~ory bon~ [f tie compatibility of the adhesive

system to surface preparation method is questionable, either physical and chernhl tests should be
conducted by laboratory personnel or another surface preparation method or adhesive selected. The
wedge test descriid in section 4.4.1 is a convenient and discriminating test for the 250° F-curing
epoxy adhesives. his test measures mack growth in a high humidity environment. If incompatibly
exisx the crack growth in one hour will be high (usually more than 1 inch) as compared to the
growth for a compatible Wstem (usually Iess than 0.20 inch). The climbing drum peel test described ~
in MIL-A-25463 is a discriminating test for RT- and 350° F-curing adhesives. Surface compatibility
is indicated by cohesive failure modes in contrast to adhesive failure modes for incompatible systems

I
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4.4.1 WEDGE PANELS, SPECIMENS, AND TEST PROCEDURE

The configuration of the wedge test specimen assembly and the specimen details are shown in figure
4-3. The laminated assembly is 6 by 6 inches. The metal adherends are nominally 0.125 inch thick.
A strip approximately 0.75 inch wide on one edge of the panel is left unbended. After bonding,
five I -in.-wide specime~s are machined or saw cut from the paneI. Sand one edge. The specimens
are then marked with an identification foir exposure. The testing procedure for the specimens consists
of the following:

1.

7
A.

3.

4,

5.

6.

Precrack the unbended end of the specimen by inserting a wedge as shown in figure 4-3. Insert
the wedge by using several I@t taps with a hammering device. Do not attempt to insert the
wedge with a single striking blow.

Position the wedge so that its end and sides are approximately flush with the specimen ends
and :sides.

Using 10- to 30-power magnification and adequate illumination, locate and mark the tip of the
initial crack with a fine st YIUSor scribe. * Looking closely, a change in the adhesive to a lighter
color can usually be seen ri?~t at the crack tip. Also locate and mark the reference point of
craclc initiation. This is the point at which the shoulder of the wedge’contacts the specimen
surfa~ce, i.e., approximately 0.75 inch from the specimen end. Measure and record the initial
craclc length.

Expose the wedged specimens to the selected environmental conditions (e.g., 12~0 * 5° F and
95’%to 100% relative humidity) for the specified time (e.g., 1 hour, 4 hours, 72 houm, 14 days,
or 30 days). The water used to maintain the humidity must not contain more than 200 pptn
total solids. For compatibility screening tests, exposure time of 4 hours is adequate.

Remove the specimens from the environment. Mark and measure the increase in crack length
to OXI1 inch within 2 hours after removal.

Failure modes may be determined by splitting the specimen open at the completion of the final
crack growth measurement and examining the surface. The percentage of adhesive versus cohesive
failure in the exposed crack growth region should be recorded.**

4.S MATERIAL PROPERTY DATA

Mechanical strength property data for facing, core, and adhesive materials are presented in various
military si~cifications. handbooks. and reports- The iocations of many of these data sources are
identified in the following paragraphs.

The data may be presented either as typical test values or as minimum properties. Minimum properties
should be used for design. [t may be appropriate to reduce the properties further to allow for such
factors as elevated service temperatures or progressive degradation due to the operating environment,

-.

.!

-

.

.-

.

*For salt SIX+y exposure of extended duration, use a triangular file to e-nIarge scribe mark for
easier rea~ding.

**For accept/reject criteria, see sect. 7.5.3.
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1.00*

Cut five l-in=
0.125

wide specimww

t
0.125 nominal
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f

Initial
crack length

wedged Crack E~ SpoCinlen

Dimensions in inches

— Adhesive

nominal

Dimensions in incttes

F@Ire 43.-Wedg? Test S~imen Configuration

I



kllL-tU2BK-337 1 December 1982

e.g.. the effects of long time exposure to cychc stress combined with high humidity or salt spray.
Design values should tw approved by the responsible engineering agen~v.

Facing material information is found in section 4.5.1. Section 4.5.2 gives the core materiak
information. Adhesive requirements and environmental effects on bond durability information are
found in section 4.5.3.

4.5.1 H0NEYCOMF3 SANDWICH FACING MATERIALS

Facing materials included in the following sections are aluminum, fiberglass (glass-fiber-reinforced),
and titanium. These represent the most commonly used sandwich facing materials in present tech-
nology aerospace structures.

In genera], facing ma[erials used for repai~mshould be the same as the original material (type, alloy,

thickness. etc.).

The use of fiberglass to repair aluminum is not generally recommended although it maybe used in
limited cases on compound curvature parts or on Darts initiallv having fiberglass edge closures or
inner skins. This type of repair will be defined or reviewed by the cognizant engineering
agency.

Aluminum

Aluminum facing data and design information can be found in MIL-HDBK-5B and Specification
QQ-A-2.50. Aluminum face sheets shall have nonclad surfjices in the bondlines.

Fmerglass

Resin-impregnated glass fabric materials are used for limited repair applications to compound
cumature parts. Both wet layup and prepregs may be used. Typical glass fabric style 181 and 120
information and data are found in MILZ-9084. Mechanical strength data and design information
are found in MIL-HDEK-I 7.

Use the following guide when using glass fabric overlay patches for the number of replacement piles
required.

~gfial aluminum Number of plies of
skin thickness (inches) 18 l-type glass fabric

0.010 or less 3
0.012 3
0.016 4
0.020 4

0.022 5
0.025 5
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Following the repair. the fiberglass surface should be finished as follows: Seal the repair patch surface
with sealer (e.g.. the repair resin mix). Scrape excess resin off before it gels. Cure the sealer and
apply chemical and solvent resistant primer and top coat per the applicable T.O.

Tltaniurn

Titanium facing information and data can be found in MIL-HDBK-5B and specification MIL-T-9046.

4.S.2 HONEYCOMB CORE MATERIALS

Core information can be obtained from MIL<-7438 for aluminum core, and MIL-C-8073 for fiber-
glass core. Fibrous nylon base (e.g., Nomex) core data can be found inSpecifkationAM$3711.

Aluminum Honeycomb Core

Aluminum core materials are available in various celi sizes, densities, and alloys. A few typical
callouts are given in table 4-1. Comosion-resistant-type core is recommended for replacement in ail
repairs regardless of original core type in aluminum panels.

Aluminum 5056 alloy core may be substituted for S052 core.

l%e replacement core should match the core cell sire and density of the originai. In situations where
the designated core density or cell size is not available, use of the next higher density core with the
same cell size is permissible.

Nonmetallic Honeycomb Cores

Both glass-fabric-reinforced and fibrous-nylon-base nonmetallic honeycomb cores may be used for
rep- In cases where nonmetallic core is substituted for original aluminum tom, it should equal or
exceed the original in stiffness and sttength-

4.!5.3 ADHESIVES

Mechanical property data for adhesive systems are available from several sources Examples of these
are the adhesive supplier, the airf-e manufacture that utilizes that particular mateti and
rniiitary specifkations such as MIL-A-25463 or MMM-A-l 32. Care must be taken that design values
adequately allow for degradation due to environment or the effect of elevated temperatures.

The particular surface preparation method is a vexy important parameter in determiningg the allowable
design strengtk Many of the commonly used adhesives were tested with various hand cleaning
methods in Air Force Contract F336 15-73-C-5171. These data are reported in AFML-TR-75-I 58.
The presented information gives typical strength plots for various bonded joint overlap lengths
These are typical test data The design values to be used should be approved by the responsible
engitieering authority.
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4.5.4 POTTING COMPOUNDS

Mechanical and physical properties of pc}tting compounds should be obtained from the material
supplier or from the airframe manufacturer using that particular material system.

4.6 ADHESIVE RECEIVING ACCEPTANCE TESTS

Where practical, it is recommended that the adhesives to be used for repair be tested by the user to
ensure specification compliance. The following is a guide to the number and types of tests that
should be used.

1. The acceptance tests of table 4-6 are recommended on each sample of each lot of adhesive.

2. LapI shear tests should be performed at RT and the highest use temp., e.g. 180° F for
25010F curing adhesive. Peel tests may be performed at R.T. or -65° F.

3. In addition to the tests specifically listed for quality assurance, any other test described in
the applicable specification may be used to ensure that shipments of adhesive conform to the
requirements of this specification and are comparable to material previously qualified.

4. The test specimen configurations am described and shown in the following sections.

Table 4-6.-Assemblies and Specimen Requirements

lest

(1) Lap shear

(2) Metal pee!

(3) Honeycomb P&i

(4) Film weight

BonQed
~emblies Specimens
per sample per sampie

1 5

1 3

1 3

2

“(a) Cut 2 specimensof material acrossthe width of the film.

Specimen configuration

Seefigure 4-5

See figure 4-7

See figure 49

●

cut specimensapproximately 6 x 6 inches. Determine the area

to the nearest 0.1 square inch.

(b) Remove separator sheets from the film and weigh film to nearest
0.1 grams.

(c) Repoti averageweights to nearest0.001 lbs/ft2.

.

‘-

.

.-- .

.

.
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hp Shear

1. Test panel blank

● Material and thickness for blanks shall be 0.063 inch thick 2024-T3 aluminum alloy
QQA.~5f) (b~e),

● The blanks shall be nominally 6 by 7 inches.

● The bianks shall be flat within 0.010 inch.

2. Test panel assembly

● Adhesive bonding material and processing instructions shall be as designated m the
applicable specifications

● Two test pane) blanks shall be bonded to the configuration shown in f~re 4-4.

3. Test specimen

● Cut the test panel assembly as shown in figure 4-5.

4. Metal-to-metal lap shear test

● Test the specimens to the procedures described in MMM-A-I 32.

T
~@6.03

5.97
r

U___
I I

Iw-miwe

All dimensio~ m inches
.-

Figure U.-T&t PaneJAssembly
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Li 90°t 10(typ)

,-.7.00;.&_,

Typ saw cut

~0.218 slot-mill to expose
Test panel ~y adhesive(but not through)

TVp edge finish

= =$

7 3.25 nom

.

~ These ends paralle{
\-/// I . . . within 0.005

‘ 0.53
0.50

0.47

All dimensions in inch=

D1 Optional pin griphoks. diame~ 0.25 &

-.

.

Figure 4-S-&p Shear Test Specimen Configuration
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1. Test panel Mink

● Except m otherwise specified. the material for all bIanks shall be 2024-T3 clad aluminum
alloy in accordance wilh QQ-A-250/5.

● Blank dimensions shall be as shown in figure 46.

-1
-. Test panel assembly

● Adhesive bonding material and instructions shall be as designated in the applicable
specification.

● Two test panel blanks shall be bonded together as shown in fwure 47.

● identify each test panel assembly and specimen as necessary.

3. Climbing drum peel test

● Test the specimens to the procedures described in MIL-A-25463.

● The curing temperature and time at temperature of the adhesive bond shall be as specified
and shall be measured by the use of a fme wire thermocouple (no. 30 maximum) embedded
in the adhesive flash immediately adjacent to the bondline.

4.25 *0.03

D
1 Holes, 4 places. 0.125 D anterd approximately 0.25 inch from edges.

Figure 4-6.-Metal- wMetal Peel T= Rmel Blank

I
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.—— .— ——— ——
sawcut

——— —— —— —— —

~ ‘4-0’003

I

D
1

B23

-i
App 2.0

1-

~..

unbended

Trim discard edges shall be 0.50 inch minimum. Cut three specimens
1.00 k 0.03 incheswide.

0.020 inch

0.040 inch

Figure 4-7.-Metal-to-Metal Peei Test Panel Assembly and Specimen

Honeycomb F&l

1. Test panel blank

● Except as otherwise specified, the material f or all blanks shall be 2024-T3 cIad aluminum
alloy in accordance with Q@A-250/5 and fi=we 4-8. The dimensions of the blanks shall
be as noted in figure 4-8.

● Except as otherwise specified, the honeycomb core shall be 5052 aluminum in type 4-40,
Class N. TRe dimensions of the core shall be as noted in figure 4-9.

2. Test panel assembly

● Adhesive bonding material arid instructions shall be as designated in the applicable
specification.

● Two test panel blanks and core shalI be bonded into an assembly as shown in figure 4-9.

● Identify each test panel assembly and specimen as necessary.

3. Honeycomb peel test

● Test the specimens to the procedures described in MIL-A-25463.
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5.0 SURFACE PREPARATION PROCEDURES

5.1 GENERAL

MU-HDBK-337 1 December :982

SURFACE PREPARATION IS THE MOST CRIT!CAL STEP IN THE ADHESIVE BONDING
PROCESS. THE ADEQUACY OF PREPARATION OF THE ADHEREND SURFACES WILL
LARGELY DETERMINE THE SUCCESS OR FAILURE OF THE BOSD. It is imperative that the
best surface treatment be used- In many cases, it will be necessary to use a nontank or hand procedure.
This is the case in which a repair is to be made on a component and the component canot be
immemed in a tank. In other cases. such as at field bases. surface preparation tanks may not be avail-
able. Where tanks can be used. however, they should be. Their use offers many advantages over
hand procedures. These include:

.
● Reduced possibility of contamination of parts from handling

● Better control of solution compositions

● Better control of solution temperatures. which incIudes the ability to use hot processes

● Closer control of timein solutions

● Precise control of the anodic process

● More effective cold or hot water rinsing by either spray .or dip processes

● Time and temperature control of drying o~ens

● Reduced cost due to more efficient multiple part proceming and improved repair durability

In order to oimin durable bonds under service environments. surface preparation procedures outlined
in Ibis section should be used. The procedures given are recommended guides and the preferred
method of surface preparation should be used whenever feasible. Use of marginal methods such as
abrading plus solvent cleaning gNes bonds with poor environmental durability.

The difference ‘between a marginally and a properly prepared bond surface is illustrated in figures 5-1
and 5-2. Flat strips of aluminum were cleaned using either abrasion and solvent wiping or were

prepared by phosphoric acid anodizing. Pairs of the strips were bonded together. The end of the
laminated strips were forced apart by inserting a small metal wedge. The strips were then placed in a
chamber and exposed 10 !40° F and a hi-gh humidity. The rate that the split or crack propagated
was measured. The strips were subsequently split aparI and the surfaces examined. The crack in

the solvent cleaned sp<cimens grew quite rapidly. The adhesive pulled away from the metal surface as
shown in figure 5-1. By contras~, the crack growth of the anodized strips was almost nil. When
pulled apart. the failure was in the center of the bond. Le., cohesive, rather than from the metal This
is shown in figure 5-2. The results of this type of test correlate well with satisfactory or unsatisfactory
setice performance. Admittedly. more time is required to prepare the bond surface properly. The
pay+ff. however. is in hat-ing a bond that will not fail. in a short time. after the repaired part has been
returned to semice.
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I Note how the adhesive wiled awayfrom*e meta!(adhesivefailure).

I Fi@.me5. l.—Atuminum Faiiure Surfaces-Solvent Cleaned
8ekwe i?onding

I
In cases where adequate surface preparation facilities are not available, prepared skins have been used
to an advantage. These skins are cleaned at a base facility in accordance with standard approved
methods. The clean skin is then primed and bonded to a layer of approvsd adhesive ftim with a nyion
peel ply on the other side of the adhesive. This prebonded skin is stored until required for use. It is
then cut to required size. the nylon peel ply removed, and the skin bonded in place. CM-site cleaning
of the part to be repaired is still required: However. the amount of on-site cieaning is minimized.

I Some mat~wials used in bonded structural repairs and surface preparation methods are toxic and
flamrnabie. Exercise care in using these materials. Follow the applicable government regulations, and
observe the foIlowing:

I * We explosionproof electrical equipment.

I * I&q repair ama weil ventilated.

9 Keep solvents and cleaners in safety containers.

,.

-.
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Avoid breati}in: a({hesive t]rc]e~nln:fltlitj futnes.

Wear rubber g!ovks and protective cloth ins when h~ndiingocidand c:)us~icdes~?in:sott]$iorw.

00 NOT diow acids to come in contacr with the surface of high s[ren:th steek.

5.2 CLEANING OF ALUMIh-L_MCORE FOR BO\DIXG

Ck3n UOr? SUrf3C~S tO h? bonded U$hlg YJ por c!e:rt2se, so!vtc? [1:.si:. O; ii..l:-~rdc cloth c:oijze;?:d
with tnchloroethme.

Dry the core at either room ternptrature or with warm (not hot) tir! dir {<.s.. 150° F maxj.

FIandk core only when wearing ckan lint-free cotton gloves.

If coro is not used immediately. prorec? by wrapping or covering with clean, wax-free Kraft
paper,

5.3 A.LWW?UJlf S?JRY.4CE PREPARATION

Aluminum surfaces to be bonded shall be prepared using irnme~ion tank cleaning or noncmk iutnd
ckmning. Where tank facilities are availoi-ik. immersion wnk cleaning methods are recommended. For
fixed structures, or facilities without tank equipment, use the preferred non[ank (acid) cleaning
methods. The alternate nonrank method (rto acid) is for use only with structures inrernaf to rf-te
honeycomh panei such as in areas where contamination is likely to occur during acid cIeaning.
Table 5-1 iilustrates the various preferred and alternate methods available for surface preparation.

5.3.1 TANK PROCESSES

Abbreviated tank processing steps are shown in table 5-2. A more detailed description o f these items
is given in the following sections. A dwxiprion of thr faciliriw require nwn[s is given in section $.3.1,

5.3.1.1 Vapor Decreasing (Solvent Cleaning)

Where loose adheting dirt. :rease, or oil is present. organic solvent decreasing should be smployed,
Simple surface cleaning is typically accomplished with trichloroelhane or perchloroethylene. The

solvent should be charged or cleaned on a regulm scheduk. The solvtnt is usua{ly heah!d to L n:ini-
mum of 150°7 for best resu(rs. Ch?anin~ bv Ibis method meets the requirements for so}ven [ vapor
cleaning a~’cording to TT-C490. rnetho&-ll. ”

C.4UTION: These Chlorinated Hydrocarbon Solvents are Toxic.

Anesthetic. and Present a Fire !-hard Unlex Properly
L%edand Nsintained. Avoid .AHowing Solvent to
Contact tfie Skin and Bresthing the Solvent ~’~pors.

The hte!?h and safely mpects of’vapor Jegresst irts{~lki~ionssnd operations sM;
industrial hygiene ~rrd safety person nei.

,.

.

5-4



● ✃

Table 5“ 1.-Surface Preparation) Methods

QTalk QNon
tank

SectIon Section Section SectIon !53ction Scctlon
6,3.1, 6.3.1. 6.3,1. 6.3.2. 6,3.2. 5.3.2.

Preferred Optional Optionel’ Preferred Optlonel Optlonel

t-

‘Preferred for 360° F curing edheslvea having nitrlle components, e.g., FM 61.
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Section

5.3.1.

6.3,1,

5.3.1.

4

Tabie 5.2.-Tank Processes,Alumtnum Surface Preparation

Process Steps

Phosphoric
acid
anodize

Section

Chromic
acid
anodize

Section

FPL
suifurlc
acid.
sodium
bichromate

Section

7 .

Hot Deoxidize Cold Anodize
Vapor Alkaline in

Cold

degrease - + water ~ - water -
in

* x
clean sulfuric

water +
rinse phosphoric

1:1 F

dlchromate
rinse rinse

acid
max

* b

5,3,1,1 5.3.1,2 5.3.1.3 5.3.1.4 5.3.145.1

D .-‘:“: - -‘“ - +Hot
Deoxidize Anodize

Vapor Aikaline in Cold
water

in
Coid Dry

d~grease clean sulfuric. weter water
chromic 160 F

rinse
bichromate “rise acid

rinse max

5.3.1.1 5.3.1.2 5.3.1.3

5.3.1.1 5.3.1.2 5.3.1.3

5.3.1.4 5.3.1 .5.2

*
5,3.1,4

P

.. . ,,
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General desmiption of procedure:

1. Place parts in rxks in a manner that prevents damage and that assures good vapor circulation

around all part surfaces and good condensate drainage. Do not allow parts to mmtact one

another.

-)
-. Lower work into the vapor slowly. The rate should not exceed 12 ft/min. For heavy soil the

procedure should involve vapor. flush. vapor. Remove insoluble soil by flushing with clean
liquid solvent.

NOTE: Always direct hand-held nozzles downward.

3. Hold the work in the vapor until the solvent stops condensing on the parts. Remove entrapped
solvent by tilting the parts in the rack.

4. Slowly remove the work from the decreasing vapor. A11ow time for the liquid to drain from the
parts. Allow the details to cool.

5. Recycle if necessary.

6. Keep parts clean.

NOTE: After vapor decreasing and prior to commencing alkaline
cleaning, parts should be thoroughly dried to prevent
contamination of alkaline cleaner solution with solvent.

5.3.1.2 Akaline cleaning

In high-strength applications. particularly when aluminum is to be bonded to iklf or to other metals.
chemical precleaning is usually mandatory prior to final surface preparation. Consult the engineering
authority or the applicable aircraft T-O. to determine which of the particular pretreatrnents is most
appropriate. Recommended alkaline cleaners for aluminum are listed in table 5-3.

CAUTION : Safety Precautions for Handling Caustic .Materials
Must be ObsemxlDuringAllOperations involving

Alkaline Gates. Caustic Cleaners ihlay Spatter
When Added to Water.

Prepamrion of Cleaning Solbtions. -Use the following procedures for making up alkaline cleaner
solutions. Perform operations listed below:

1. Fill the tank approximately I/2 full of water.

?-. Distribute the required quantity of cleaner uniformly over the water surface slowly and with
thorough mixing.

3. Add water to withrn 2 inches of the operating level.
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Table 5-3. -Recommended A Ikaline Cleaners

Aluminum cleaner

Oakite61A

~WCO :2623
WyandotteAltrex B

Cee Bee A4M

Pacific SP-112-LF

Pennsalt 2476

Turco 4090-I 4

lsoprep 44

Northwest LP3651

Oakite 61 B

Oakite WA

Pennsallt A-31

Turco 421 !5and 4215 Additive
Turco 4215 Special
Wyandotte Aldet

Turco 4215

Flagnotesin “Restrictions” column)

Restrictions
Control limits,

oz / gal

5/8
5/8
6/8
6/8
6/8
6/8
618
6/8
618
5/8
6/8
4/8
4/8 (Turco 4215)
4/8
4/8

0.75 / 2.25

Operating
temperature,

degreesF

160to 190
160to 175
13510190
135to 145
135to 145
135to 145

135to 190

t35to 145

135to 145

160to 190

135 to 145

135to 165

135to 185

135to 185

135to 185

145to 180

These cleanersare not acceptable when rinsewater is reprocessedby deionizing, except asnoted in ~.

These cleaners are acceptable when rinse water is repressed by deionizing.

Non-siIicated soak cleaners.

UseTurco 4215 additive with ?urco 4215 to improve ink removal.

Non-silicated spray cleaner.

Proportions: ~ pint to 1 quan of TIJrco 4215 additive per 1U) galIonsof cleaning solution.

These cleanersare ac=ptsibie when rinsewater is reprocessedby deionizing, provided activated charcoal
filters are usad and the concentration of wetting agents is maintained below 20 ppm after filtering.

.,.

...

:

5-8



KIL-HDEK-337 1 Ckcembex 1282

4. Heat the solution to the operating temperature. Add water to attain the operating level and mix
thorou~~ly.

Maintenance of Cleaning Solutions. -Use the following procedure to ensure effectiveness of cleaning
solutions for aluminum.

1. Maintain the alkaline cleaner solution per specification.

9-. Maintain the level of cleaner solutions within two inches of specified operating levels.

3. Skim the solutions as necessary to maintain clean solutions and parts.

4. Dump and make up the immersion alkaline cleaners when the accumulative total additions of
cleaner equal 100 percxmt of the maximum allowable initial charge.

5. The processing solutions and equipment (including air dryers) shall be kept clean at all times.
OPERATIONS SHALL BE SUSPENDED AND CORRECTIONS MADE WHEN:

● Surfaces of parts do not remain water-break-free after withdrawal from the processing
solution or the subsequent rinse.

● A nonremovable smut is formed or particles are deposited on the surface of the part.

● The solution temperature or composition is outside the control limits.

● The solution surface has become oily. or has squired a scum.

● Parts are pitted or excessively etched.

● The solution is not at the required operating leveL

● The solution is no longer effective.

6. A laboratory shall analyze the solutions and desaibe and record additions, purifications, or
withdrawals required to make the %Iution comply with the required control speafication.

7. Do not use metal cleaning facilities to clean nonmetals (e.g. plastics. reinforced plastics.
masking or stop-off materials. etc).

Cleaning fioceoiwe. -Use the following procedure to clean aluminum parts

1.” Parts shall be relatively free of grease and oil before alkaline cleaning to minimize the contamina-
tion in the cleaning tanks and to ensure maximum dkaliie cleaning effectiveness

1
-. Agitate all cleaning solutions after prolonged standing or after addition of chemicals or water to

ensure uniformity of concentration.
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.:. Completely immerse parts in clsaning solutions or rinse tanks. When possible. agitate cleaning
soiutions. rinse Walter.or parts during processing.

4. Parts may b? immersion rinsed foliowing aIkaline cleaning. Do not immersion rinse parts from
alktiline or neutr~l solutions in tanks used, for rinsing parts from a,cid solutions.

-,-?. Con trol the temperature of cleaning solutions within k5° F of those selected and maintain the
temptmture within the allowable ranges specitied.

6. Spray cleaning Cnd spray rinsing require that all parts be of such shape and racked in such a
manner rha t all surfaces are contacted by impinging sprays and are adequately drained.

7. The following are the requirements for parts after alkaline cleaning and rinsing:

o Parts shall be free of smut and soil including wax. pencil marks. and printing ink except
as noted in the following comment.

● All marking ink shall be removed

● Except for part areas containing permitted residual marking inks. parts shall show a
water-break-free surface. .%water-break-free surface is a surface which maintains a con-
tinuous water film for a period of at least 30 seconds after having been spray- or immersion-
nnsed in clean water at a temperature below 100° F.

5.3.1.3 l?insin~

in rinsing aluminum parts, observe the following:

1. Whenever possible. rinsing after processing iti a solution operated above 160° F should include
the use of a water-fog curtain above the processing tank to prevent the solution drying on the
parr.

‘)-. For spray rinsing, use a flow of 1.5 to 3.0 gallons of water per minute over each square foot of
tank opening. Parts sIM1lbe so positioned that 211surfaces are directly accessible to the spray.

3. Sufficient water shall be flowing into the rinse tank to maintain the contaminants below the
fol!owing IeveIs:

r Process

Alkaline cleaning

Aluminum etching

Anodizing

Restrictions on useof
rinse water

Must not be usedto rinse parts from acid
processes.

Must not be usedfor any other purpose,

Preferredfor metal bond only.

Maximum total solids
content in waver (ppm)

750

150

100

.
,
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5.3.1.4 Deoxidizing (FPL Etch)

Deoxidizing involves immersion of the aluminum in an active solution that accomplishes one of the
following:

● It replaces the weak residual oxide on the metal surface with a strong oxide layer that is more
suitable for bonding.

● It provides a suitable surface for the subsequent anodizing process.

All aluminum alloys require etching prior to adhesive application to obtain a suitable quality bond.
The parts are etched by immersion in a sulfuric bichromate solution made of sodium bichromate and
sulfuric acid. The solution make-up composition and control is indicated below. “

Deoxidizing Process -Immerse the parts in the sulfuncdichromate solution for the time indicated
for the particular process. Without dehy, co[d water spray rinse for 5 to 15 minutes. ”After etChin&

two rinses are commonly used, the fmt an ambient temperature water spray rinse followed by an
ambient or warm immersion rinse. All chemicals must be thoroughly rinsed immediately from the
ahuninum surface to ensure good bonding results. The quality of water used in the etch solution
and rinses must be controlled as indicated in previous section (AIkaline Cleaning).

Immediately after rinsing. the etched parts should be observed for a water-break-free surface. Such a
test does not indimte the presence of materials that absorb water. merely the absence of a greasy
surface. If a surfam is not water-break-free. the part must be recleaned immediately.

If the parts are not to be subsequently anodized prior to bonding, use the following procedure:

1. Etch for 12 to 15 minutes.

2. Rinse.

3. Dry at 130°= 10° F.

4. Protect treated parts from contamination.

5. Rime within 16 hours.

Sofution Make-LJp and Coniro[ -Crack+xtension or peel test panels (see sec. 4.4) shall have been tested
prior to processing parts throu.gA a new solution and shall be used with each load of parts processed.

5.11
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The deoxidizer solution shall be made up. replenished. and maintained to the following requirements:

1. Solution make-up compound Concentration limits

?+?cr~o~ 4. I to 12.0 oz/gal as Na2Cr207 “ 2H~0

HnSOq 66°BE’ 38.5 to 41.5 oz/ga! as H~S04

A1uminum* 0.20 oz/gal of dissolved aluminum minimum

7
A.. Operating temperature: 150° to 160° F

3. Metal removal rate: 0.00022 to 0.00034 in./surface/hr

NOTE : When chemical’ replenishment to maintain control
limits do not maintain the required removal rate, adjust
the temperature within the specified limits of item 2.
above. A temperature increase of 7.0° F will increase
the metal removal rate about 0.000 I in./surface/hr.

5.3.1.5 Anodizing

5.3.1.5.1 Phosphoric Acid Anodize

Solution composition and operating tempemture is as follows:

1. Maintain the total acid (id+ ion) concentration equivalent to 13-to 16-oz/gal phosphoric acid
(H3P04, primary H+ ion equiv~ent)-

~. Hydrogen ion (H+) concentration may be determined by any valid method not subject to
interference from the dissolved aluminum alloy.

3. The operating temperature of the anodizing solution should be 67° to 77” F.

4. Fungus that may develop in the anodizing solution shall be removed by filtering.

The process flow (see table 5-2) is as fcMows:

1. Vapor degrease (sec. 5-3.1.1) to remove surface contaminants if required by the condition of the
detail or part.

1
-. Alkaline clean (sec. 5.3. 1.2) for at least 10 minutes in an approved alkaline cleaner from

table 44. Without delay, rinse in hot water ( 110° F minimum) for 5 minutes (sec. 5.3.1 .3).

3. Deoxidize in sulfuncdichromate solution (sec. 5.3. 1.4) for 10- to 15 minutes.

,.

.-

J.

*Aluminum shall be 2~24 alloy. This alloy is required because of its particular alloy com-
position. Old solution shall not be used to make up dissolved aluminum.

512
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.

4.

5.

6.

7.

8.

9.

io.

Without del~y. rinse in cold wter for 5 minutes.

Anodize in the phosphoric acid solution for 20 to 25 minutes at 10 volts * 1 volt. The part is
connected as the anode (+).

Without dehy. cold water rinse for 10 to 15 minutes.

Dry at 160° F maximum.

NOTE : DO NOT TOUCH the anodized surface prior to priming.

Examine for anodic coating after parts are dried (step 7). TMs will be indicated by an inter-
ference color when viewed in daylight or through a PolariziIIg filter. as shown in figure 5-3.

Oxide film

Figure 53.-Polarized Li@t Test- Verifiwrion of Anodic Oxide Film

If no color is observed, repeat steps 3 throug@ 8.

Prime within ? 2 hours following drying.

5.3.1.5.2 Chromic Acid Anodke

Composition of chromic acid anodize solution is as folIows:

1. initial tnake-up: 30.0 lb chromic acid per 100 gallons. (3.5% by wei.tit)

9-. Control limits:

a. Total hexavaient chromate (as Cr03): 4.0 to 13,4 ozlgal (3 to 10% by weight)

b. Free chromic acid (as Cr03): 4.0 to 6.7 OZ/”gal(3 to 5% by wei@)

3. Maintain the solution by draw+ff and addition of Cr03. or by ion exchange purification.

513
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The process tlow (,sw ttihle 5-2) is w fOIIOWS:

1. vapor degrease (sec. 5.3. 1.1) as required to remove surface contaminants.

-i-- A1kaIine clean (sec. 5.3.1.2) for 5 to 10 minutes in an approved alkaline cleaner. Without delay,
rinse in hot water ( 110° F minimum) for 5 minutes (sec. 5.3. 1.3).

3. Deoxidize in the sulfunc-bichromate solution (sec. 5.3. 1.4) for 5 to 10 minutes. Without delay
rinse in cold water for 5 minutes.

CAUTION : Agitate the Anodizing Bath for 10 Minutes Minimum
Immediately Prior to Anodizing.

4. Lower the parts into the anodizing bath and apply current with the part as the anode within
5 seconds after immersion. (Time to totally immerse parts shall be 15 seconds.)

5. Raise the dc voltage at a uniform rate to 22 * 2 olts. over a 5-minute period. Maintain the
voltage at 22 t 2 volts for 25 minute>. /

6. Maintain the temperature of the bath at 95° k 3° F

7. Remove the current and then raise the parts from the tank and begin rinsing within 2 minutes
after the current has stopped. Spray rinse in cold water (95° F max. ) for a minimum of 5
minutes using water containing not more than 150 ppm total solids. When double counter-
current rinsing is used. the, time specified is for each rank.

NOTE : It is optional to use individual water-feed, double
immersion rinse in lieu of double counter-current
rinse.

CAUTION : DO NOT SEAL the Chromic Acid Anodized Surface
for Adhesive Bonding Applications.

8. Dry thoroug~ly at room temperature to 140° F maximum.

NOTE : DO NOT TOUCH the anodized surface prior to priming.

9, %imle within 72 hours foIlowing drying

5.3.2 WNTANK PROCESSES

Tle nontwtk cleaning methods for aluminum are given in the following sections. An abbreviation of
the processing steps is shown in table 5-4. Observe safety procedures and exercise caution in
handling lrhe processing solutions. The acid nontank cleaning methods are phosphoric acid nontank
anodize, PasaJeil 105. and 27c hydrofluoric acid (HF). These are described in the order of preference.
A solvent method is given as an alternate. This should only be used with appropriate approval since
this procc:dure gives bonds with greatly reduced durability.

.

-.
●
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Section

5.3.2.1

5.3.2,2

5.3,2.3

Table 5.4. –Nontank Aluminum Surface Preparation

Process steps

Nontank
phosphoric
acid
anodize WIWH ztZ:lSolvent

abrade

Ramove
screen,
gauze,
rinse

,

Solvent
Apply

PaseJell PeseJell

105
wipe, ~ 105 for
abrade

~ Rinse ~ Dry
10to16
minutes

&

2%

H
Apply

HF +
Solvent 2%
wipe,

chromate HF, “l@

conversion
ebrada 15t030

coathtg teconds I-
Rlnse, a~ply

chromate
conversion

coating
within

16 minutes

-uDry,
check
tor
color

l-nRlnsa Dry
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NOTE : Prior to the start of processing. be sure undamaged
areas. crevices, and fasteners are protected from acid
contamination by masking off these areas with suitable
tape and plastic film. Protect working bench tops and
surrounding areas by placing plastic film (e.g., Mylar)
between the part and the bench tops.

Precleaning for the non tank methods is as follows:

1. Sollvent wipe the surfaces surrounding the repair area to remove oil, dirt, grease, etc.

7. . Remove the organic finish with solvents and mechanica: means or with approved strippers.
The former is preferred.

NOTE : Prevent stripper from entering existing bondlines, as
stripper may have a deleterious effect on the bond.

5.3.2.1 Phosphoric Acid Nontank Anodize (Preferred Method)

1.

7-.

3.

4.

5.

6.

7.

8.

Solvent-wipe with MEK, trichlorethane or equivalent.

Abrade with nonwoven abrasive such as nylon abrasive pads or equivalent.

Dry wipe with clean gauze to remove dust and debris.

Apply a uniform coat of gelled ! 2% phosphoric acid (table 44) or PR 50* to aluminum surface.

Plalce 2 or 3 layers of gauze over top of coating; apply another coat of gelled phosphoric acid
to completely saturate and wet out the gauze (fig. 5-4).

Secure a piece’ of stainless steel screen over the coating. Apply another coating of the gelled
phosphoric acid.

NOTE: Be sure that the stainless screen DOES NOT CONTACT
any part of aluminum surface being anodized.

Ccmnect screen as cathode (-) and aluminum as anode (+) as shown in figure 5-5,

NOTE: Check this set-up before proceeding: Screen as cathode
(-) and aluminum as anode (+).

Alpply a dc potential of 6 voitsfor 10 minutes (4 to 6 VOltS for 10 to 12 minutes are satisfactory).

NOTE: A rectifier maybe used to supply the voitage and
current during anodizing.” Current density should be
in the range of 1 to 7 arnps/ft2. In an emergency, a
fresh or fully charged dry or wet cell battery may be
used to anodize small areas.

*Gelled phosphoric acid compound can be purchased from Products Research Corporation or
made Iby adding “cab-o-sil” to 12V0phosphoric acid until thickened.

.

“.
*
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/-
Sfxeea (-) r- ““’e

9.

11.

i 2.

13.

Acidvaste L Alwninum (+1

Ano&Ang in P?oces$

Figure $5. -Anodizing Aluminum Repair Details

The anodizing is shown being accomplished in figure 5-6.

At the end of the anodizing time. open the circuit, remove the screen and gauze.

Moisten clem gauze with water. Lightly wipe off the geIIed ~cid with moistened gauze without
delay (fig. S-7). The rinse delay time is limited to Iess than 5 minutes. Do riot rub the anodized
surface. Immersion or spray rinsi:ng shoukl be used if possibie.

Air dry a minimum of 30 minutes at room temperature or force-air oven dry at 140° to 160° F.

Check quality of prepared surface..4 properly anodized surface wiii show an interference color*
when viewed through a polarizing falter rotated 90° at a low angle of incidence to fluorescent
tight or daylight. An inspection being accomp~ished is shown in fii~ S-8.

If no color is observed, repeat steps 4 through 12.

NOTE: ~Machined surfaces or abraded surfaces sometimes are
difficult to inspect for color. Rotation of the polarizing
filter is required b$cause some paIe shades of yellow’ or
green are so close to white that without a cob-change
inspection, they might be considered “no color,” which
would t+aiselyindicate no anodic coa tirig.

CAUTION: DO NOT TOUCH the Dried .4nodized Surface. DO
NOT Apply Tqw $0 the Surface.

Anodizing Borfi Su@’ces.–In the case of patch doublers or skin details in which both surfaces are to
be anodized, a setup as shown in figure 5-9 may be med. In this procedure. both surfaces of the
a}urninurn axe coated with the ge!led phosphoric acid. covered with acid-coated gauze (2 layers),
and then covered with the stainless steei screen m the cathode. [t is important to eievate the part
slightlly to allow gases formed during anodizing to escape from the bottom surface. Trapped gases
wiil reSURin smut deptits cm the surface and poor surface preparation. .,, ,-..., .,, ”,,

*Original color changes to complementary color when polarizing fiiter is rorated 90°.

.

>:
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Figure S7. - Removing Acid by Gently Wiping With Wet Gauze

S.3.2.2 %@eil 105 ,Method (Optional)
.“.,,,

CAUTION: Pasdell 105 is Especially Notorious for Causing
%’e~ corrosion when itH= &~ A&jw@ to En~cr

Uk!ded .IOh’m and Rece$$e& M&k Those Areas
P’iior to Use of Pasahdl 105. Completely Flush the
Areas to Remove all Txaces of I%saJe81105 After
Using.

Sc)lvent clean with MEK. trichlor~tiane: or other approved solvent.

Abrade with a nylon abrasive pad or 4@-.g+t aluminum oxide abrasive paper,

Dry wipe with ciean gwze pads.

.4pply PasaJeIl 105 to surface with a spatula, brush, or gauze (fig. ‘5-10).

.

●
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Figvre 5-8.-inspecting the Phosphon”cAo”d Anodized
Surface With a Polarized Filter

Gelled acid

\ Y--- (-)

GauzeJ Aluminum (+) ~ - Wood or plasic block

Figure 59. -Set UP for Anodizing Both Sides of Aluminum Detail
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Aluminum foil tape tias been usad to make a barrier to contain the acid.

Figure 5 lQ.–PasaJeli ?05 Appiied to AIuminum Surface for Bonding

WARNING: WEAR RUBBER GLOVES ABIDGOGGLES
WHEN ~SllNG PASAJELL. IF SKIN OR EYES
COME IN CONTACT WITH ACID, IMMEDIATELY
FLUSH WITH WATER.

<-. Leave PasaJeH !05 on the surface for I O to !5 minutes.

6. Wipe off Pasa.YeIl. Do not wipe PasaJell onto adjacent areas or crevices or allow it to enter
honeycomb core.

~ Dampen a clean gauze pad with cltan wattr and wipe the treated area. Repeat as necessary and
check with litmus paper m be sure Ihat all trace of acid has been removed.

8. Mow to air dry before appiying primer or bonding.
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5.3.2.3 Two Percent Hydrofluoric (HF) Acid Method (Optional)

1 December 2332

1.

2.

3.

4.

5.

6.

Solvent clean with MEK, trichloroethane, or other approved solvent.

Abrade the surface thoroughly with nylon abrasive pads (ML-A-9962 type A) or
400-grit aluminum oxide abrasive paper to remove contaminants.

Dry wipe with clean gauze to remove abrasive residue.

Moisten (do not saturate) clean gauze with 2% hydrofluoric acid solution. Wipe
the abraded area briskly with the pad. Treat this procedure as though the HP
were a solvent.

WARNING: WEARRUBBERGLOVES AND GOGGLES
WHENIJSIt?G EP. IF SKIN CONTACTIs
MADE, IMMEDIATELYFLUSH WITHWATRR.

After the acid has worked for 15 to 30 seconds, dampen a clean gauze pad with
clean water and wipe the acid-treated areas. Do not drag gauze through

nontreated areas onto treated areas.

Within 15 minutes, apply chromate conversion coating @IL-C-5S41). Instructions

for preparation and application of the conversion coating are given in
Paragraph 4.3.5.

5.4 TITANIUMSURPACEPREPARATION

Titanium surfaces to be repaired shall be prepared with an approved tank method
or hand cleaned with PasaJell 107 as follows:

CAUTION: Pas~ell 107 is Notorious for Causing Severe Corrosion
When it Has Been Allowed to Enter Unsealed Joints
and Recesses. Carefully Mask These Areas Prior to
Use of PasaJell 107. Completely Flush the Areas to
Remove All Traces of PasaJell 107 After Using.
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1.

?
-!.

3.

4.

5.

6.

7.

8.

Scl]vent clean with MEK or equivalent solvent using clean cloth.

Sand surface with 320-grit nonsilicone wet or dv abrasive paper to remove foreign material
and surface finish.

Mask off area with lead foil or pol!{ester tape.

NOTE : DO NOT use a chlorinated solvent such as trichloroethane
to clean titanium because it may cause hydrogen
embrittlement. Note restrictions in MIL-F-5002.

Wipe sanded surface with a nonchlminated solvent. Change cloth frequently until all evidence
of sanded dust is removed.

Coat the cleaned area with PasaJell. 107. Allow PasaJell 107 to remain for 12 to 16 minutes.

Rinse coated area with distilled or demineralized water to remove PasaJell. Use blue litmus
paper to check for removal of all acid traces.*

Dry the treated area at room temperature or at 150° F with a heat lamp.

If repair is not completed immediately, protect cleaned surfaces by covering with clean wrapping
paper, or prime the area.

5.5 FIBERGLASS SURFACE PREPARATION

This hand clean method for glass-fabric-reinforced surfaces is acceptable for fiberglass repairs.

1. Lightly abrade with 180-grit abrasive paper or equivalent.
. . ..-.

-1-. R,emove debris wit’h vacuum.

3. Solvent wipe clean. Wipe surfaces before solvent evaporates.

‘4. Protect the surface with wax-free paper until the assembly is bonded.

5.6 STAINLESS STEEL SURFACE PREPARATION

Use any approved tank or nontank process for steel surface preparation. The following are suggested
guides :for 300-series, PH, and 400-series stainIess steel surfaces.

5.6.1 30@SERIES STAINLESS STEEL

Sulfuric Acid Pickle

1. Appearance–The surface of301 and 302 stainless steels shall be uniformly etched and smut
removal on the bonding surface shall be generally ,unifortn. Some alloys (316, 321, and “347)
are inert to the solutions and may not etch uniformly. These parts will etch heavier in scratches
and abraded areas. This shall not be cause for rejection.

*Blue changes to red in presence of acid.

!%24
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7-. Restrictions

a. Sulfuric Acid Pickle may be used on all 300 seriesstainless swd.s for structural and non-
structural bonding.

b. Parts shall be bonded or adhesive primed within 30 days after treatment.

c. Unpnmed parts that have exceeded the storage life shall be processed in accordance with

~Pk 4.5, and 6 only.

ProcxXhlre

.
1. ~g-0* ~d ~= shall be removed by vapor degreasimg or solvent cleaning. Vapor

decreasing shall be accomplished using tichloroethane at 188° to 193° F. Solvent cleaning
shall be accomplished at room temperature.

.

2. Alkaline Cleaning-Parts shall be cleaned for 5 to 10 minutes. Cleaning materials shall be used
in accordanm with the manufacturer’s recommendations. Repeat as necessary to remove soils.
The alkaline cleaning shall be followed by thorough rinsing

3. Etching

a. The parts shall be immersed in a solution of 25 to 35% by volume of sulfuric acid in water.

b. The parts shaU be processed for 4 to 8 minutes at 135° to 145° F.

c Tning shall not start until gassing is evident on the parts

& Parts shall be racked with stainless steel wire.

e. Parts may be immersed in the acid for about one minute, then raised above the acid for
approximately fwe minutes or until the acid starts to react with the steel, after which they
are lowered into the acid for the prescribed time.

f. ~ shall be rinsed or placed in the smut remover immediately after removal from the
etch solution.

4. Smut Remowd-Excess smut shall be removed by immersing the parts in a solution of sulfuxic
acid and sodium bichromate. The solution shall be maintained at 22 to 28% (by weight)
sulfuric acid and 2 to 3% (by weight) sodium bichromate. Immersion time shall be 1 to 5
minutes at 140° to 160° F. The smut removal shall be followed by a thorou@ rinse in water
at room temperature.

5. Final Rinse-Immerse the parts in the final rinse for I to 3 minutes at 140° to 160° F.

6. Dry-Parts shall be dried at room temperature to 160° F.
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5.6.2 CARBON STEELS AND 400-SERIES AND PH STAINLESS STEELS

Dry Abrasive Blasting

1. Appearance-The surface shall be completely blasted and there shall be no visible evidence of
stains or blasting residue.

a. Restrictions

● With the exception of extremely thin sections. Dry Abrasive Blast, may be used to
prepare all carbon and pH steels and 400 series stainless steels for bonding.

● Parts shall be bonded or adhesive primed within four hours after treatment-

Procedwe I

1. Decreasing–Oils and grease shall be removed by vapor decreasing or solvent cleaning.- Vapor
decreasing shalI be accomplished using’ trichloroethane at 188° F to 193° F. Solvent cleaning
shall be accomplished at room temperature.

2. Dry Blasting-lllast the surface to be bonded with 80 grit aluminum oxide. Blast uniformly using
50 to 80 psi blasting pressure. Adjust pressure to provide adequate cleaning without warping.

3. Vapor Degrease and Solvent ,Flush–Suspend the parts in the vapor degreaser and flush all
blasted surfaces with clean trichloroethyane. Repeat as necessary t? remove blasting residue.
Condensed solvent collected in a storage tank on the degreaser may be used.
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6.0 REPAIR METHODS, SMALL

This section provides instructions for making small repairs on bonded aircmft structure. -These are
typically used to repair damage caused by punctures, dents. scratches, minor edge crushing, or
deiaminations. These repairs are essentially the “patch type” and are comparable to those in the -3
T.O. manuals.

.

.

There are restrictions as to the extent to which this type of repair can be used. These are defined in
the -3 T.O. manual for the spetic aircraft model. These typically are dependent on the extent of
the damage or the additional weight that the repair adds to the component. Violation of these tilts
may jeopardize the safety of the aircraft or significantly affect the vehicle’s flight control
characteristics.

The repair methods that are included here are, in general, the best of those that have been reviewed
in the variousaircraft repair manuals. As such, substitution of these methods can usually be made
with either equal or improved properties. Certain practi&s in making metal bonded structure repairs
have been established in this handbook. These areas follows:

1. Minimum use should be made of fiberglass for metal repairs Fiberglass laminates maybe
pxous and provide for ingress of moisture to the panel interior.

Fiberglass laminates have low stiffness when compared to metal, and thus a much larger thickness
of material is required to pick up equal load with a comparable strain.

A fiberglass patchj in some ~ niay be economia desirable. An example is when there is
compound cumature and it is extremely difficult to form a metal patch. If a fiberglass patch is
used, it should be well sealed. It should have a minimum of three layers of 181 cloth or
equivalent (see sec. 4.5. L Fiberglass).

?-. Moisture leakage of honeycomb panels is a major cause of failure. All panels should have a
bonded metal-t-metal seal around the periphery of the repair area of 1 inch minimum width.
Patches over holes should have a minimum l-inch-wide overlap. Panels should be leak-tested
after the repair is complete.

3. The use of mechanical fasteners through honeycomb core areas is discouraged. The area around
the fastener is difficult to seal and corrosion commonly occurs. If fasteners through honeycomb
are required, they should be installed wet, i.e., in holes pretilIed with wet sedartt. htstailation
should be as specified in MIL-S-81 733.

4. The procedure recommended for repairing delamination, in general, is to remove and replace
the skin locally in the delaminated area. Dekiminations are quite commonly the result of
improper surface preparation o; surface contamination. If the delamination is at an edge, the
surfaces have undoubtedly become dirty or at least tightly corroded. Injecting an adhesive into
the area without properly preparing the surface is not recommended.
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5. It k preferred that a honeycomb core plug be used to replace removed core rather than potting.
Potting is heavier and may subseq uentIy cause failure to occur because of the local stiffness.
Potting of this type may be used in certain noncriticalareas for expediency. This should be

subject to review by cognizant engineering a,?ency.

6. Bare rather than clad aluminum should be used for the bonded repair details because of the
superior durability of the bare”bonded surface. The exterior of the metal should, subsequently,
be protected using approved coating procedures.

7. All detaii parts making up a repair assembly should be prefit prior to bonding to ensure proper
mating of the bond interfaces.

6.1.1 COMMON ERRORS AND PROBLEMS-CAUSES AND RESULTS

h the repair of bonded structure, there are often repeated errors that result in the majority of
difficulties. Some of these are listed be[ow. A special effort should be made to avoid these particular
problems.

1.

2.

3.

4.

5.

6.

Failure to precisely follow surface preparation instructions and subsequent contamination of
the surface prior to bonding-The results area weak bond and bond surfaces that are easily
corroded.

Mechanical damage to the surrounding structure during repair–Much of the honeycomb structure
is quite fragile and must be protected during the repair procedure. Common damage is caused
by clamping parts for machining o]?erations, by bumping with work stands, by dropped tools,
or by walking on the honeycomb panel surface.

Polor fit-up of details-A mismatch of detail parts carI result in inadequate pressure on the bond-
Iim? during cure. The result is a porous and weak bond. . ---- .-.

USEof outdated materiais-l%e results are weak metal-to-metal bonds and lack of fdlets on the
hone ycomb core.

Failure to bring refrigerated materials to room temperature before opening-The material
accumulates moisture due to condensation. The result is a weak and porous bond.

Poor repair design-The design must provide for an adequate peripheral seal. The use of
countersunk fasteners in thin skins presents a common source of skin cracking’ and corrosive
delamination.

6.1.2 FABRICATION OF SMALL HONEYCOMB CORE DETAILS

.

Thk section provides a description of cutting procedures t~at can be used to fabricate core details
for the smaIl repairs described throughout section 6.0. These procedures employ the use of “
portable table top routing equipment and accessories. These can be conveniently used to make
transverse cuts through the core such as are required for recesses, tapers, steps,,.or.thidcness changes.
Vertical cuts can be made with a core-cutting knife.

.6.2
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The equipment and procedures me briefly illustrated here. A more precise identification of the
equipment is given in section $.0. The fabrication of core details for large repairs are given in
section 7.0.

Flat Cutting

Doubler recesses. edge steps. or overall reduced thickness maybe accomplished with the slicing
equipment shown in figure 6-1.The tme is fed intothe rotrition of the cutter. A fence may be set
up to guide the edge of the core.

I a

Figure G 1.-HoneywmlKor&Slicing Equipment

Angle cutting

The cutting of angle edges on tapered wedges may be conveniently accomplished with a core-slicing
angle plate as shown in figure 6-2. The plate is shown being adjusted to the desired angle.

Honeycomb core being cut along the edge is shown in fwure 6-3. The core has been attached to the
angle plate with double-backed tape. Other methods may be used where greater attachment strength
is required (refer to sec. 7.6.2. Processin3 of Honeycomb Core).

6-3
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Figure 6-2. –Adjusting rhe Slo@ of Angle Plate

Figure G3. –Angie Plate in Use
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6.Z REPAIR OF SCRATCHES, SKfN SURF.ACE

Two types of repair are presented. The first type covets the repair of a Iisghtscratch where the scratch
depth and length do not significantly degrade the skin strength. For clad aluminum. the smatch does
nor penetrate through the protective cladding The repair procedure for this case involves smoothing
the surface and restoring the protective metal finish.

.

A second type ofrepair is provided for deep or clad-penetrating scratches. This requires the use of a
bonded metal patch to restore the skin strength and to more effectively protect the surface.

These methods should not normally be used to repair scratches that penetrate the skin. Repair of
Ibis type is accomplished by removing the damaged area- T%e panel interior is then inspected for
moisture and internal corrosion. The area is subsequently repaired by the method used for holes
{sec. 6.4 or 6.5). An exception is where the skin-penetrating scratch is repaired immediately and it
is known that no moisture has entered the panel interior. In this case, the method for deep smatches
(sec. 6.2.2) may be used.

During the repair activity, give special anention to the following items:

WARNINGS: OBSERVE ALL LOCAL SA.F’IXY PRECAUTIONS
AND THOSE DESIGNATED IN SECTION 1.3.

DO NOT ALLOW COIUCENTMTED MIXTURES
OR SOLUTIONS TO COME KNCONTA~ MTITl
SKIN OR CLOTHING. IN CASE Ok ACC’fDENTAL
CONTACT, IMMEDIATELY WASH OFF WITH
GENEROUS AMOUNTS OF CLEAN WATER .
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WARNING: ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND SOLUTIONS.

1 December 1982

The following lists indicate the types of material and equipment required. Refer to section 4.2 for
the specific identification and application instructions for materials. Refer to section 8.0 for more

detailed information concerning tools and equipment.

Mata-iais

Caustic soda
Cheesecloth. bleached, 4+Y pads
Chromate conversion coating solution
Cleaner, alkaline
Cloth, runnple, purified polishing fabric
Paint, finish
Solvent, nortchlorinated (for titanium)
Solvent, cieaning
Tape, aluminum foil 0.004 (for aluminum)
Tape, lead foil (for titanium)
Tape, masking, hi-temp
Tape, plastic film, nylon
Water, distiiied or demineralized

Tools or Equipment

Abrasive pads, nonwoven, nylon
Abrasive cloth or paper, wet or dry, 180, 220,320, and 400 grit, aluminum oxide
Brush, acid, 3/8- by l-inch
Bwnishmg tool, metal or plastic
Containers, mixing, polyethylene
Emery cloth, 150,320, and 500 grit, aluminum oxide (for titaNum)
GIoves, white cotton fiber
Gloves, m’bber or neoprene, surgeons’
Knife, pocket
Micrornetcr, depth
Rod, mixing, metal or plastic
Safety glasses or shield

Light scratches in Ahlnlinunl

1. Nfask the area around the scratch with aluminum foil or polyester tape to prevent further
damage and to contain the chemicals or acids used during the repair. Refer to figure 64.

.,.,..

6-6

--

.
!.

●

✌✎ ✍✎✌



MU-HDBK-337
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.

.

2.

3.

4.

5.

6.

Figure 6-4.-Application of Masking Tape Prior to Sudce C%aning

Place a drop of caustic soda, table 44, on the clad aluminum skim if the scratch has pene
txated the clad surface, the base material will appear black. lf the clad has been penetrated
proceed with the method described in section 6.2.2.

CAUTION: DO NOT AUow the Solution to Contact the
Previously Cured Adhesive

Remove soda with a cheesecloth moistened with alkaline cleaner. Rinse the area thoroughly
with water. Check area with red litmus paper to ensure that all caustic has been removed. R-
if necessary (red turns blue in presence of alkali).

Remove burrs from the skin surface along the scratch using 320 or 400-grit abrasive paper.
Take care not to penetrate the cladding during rework.

Using 50@@1 wet or dry abrasive paper, abrade scratch until scratch is completely removed
and a smooth transition exists from skin outer surface to the abraded depth of the smoothed area

Recheck for clad penetration and measure depth ud length of the smoothed area. Compare
with repair Imitations specified in the applicable aircraft -3 T.O. manual. if the removed
matetial exceeds the T.O. limitations. repair per the method in section 6.2.2 should be
.xmsidered. The presence of excessive scratches may require skin replacement.
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NOTE: OrYcethe cleaning procedure starts, DO NOT TOUCH
with bare hands or con taminale any surface to be
fiiled. CIated. or bonded.

8. Dry the area using cle~n. dry cheesecloth.

9. Finish surface per section 4.3.7 and the applicable aircraft T.O.

L@t Scratches in Titanium

1. lvlask the area around the scratch. using lead foil or polyester tape to prevent further damage
and to contain the chemicals or acids used during the repair. Refer to figure 6-4.

2. Using 150-.320-, and 500-.@t aluminum oxide emery clcth. remove any burrs from the skin
surface along the scratch area.

Smooth until scratch is completely removed arid a smooth transition exists from the skin
outer surface to the sanded depth of the smoothed area.

3. Measwe the maximum depth and length of the smoothed area.” Check scratch iimits for the
appropriate skin gage in the applicable aircraft -3 T.O. If limitations are exceeded. the damage
may be repaired by the method designated in section 6.2.2. The presence of excessive scratches,
however, may require skin replacement.

4. If the damage is within repairable limi~s for light scratches, clean smoothed area using cheesecloth
moist ened with nonchlorinated soIven t.

. If?oTE: Once the cleaning procedure starts, DO NOT touch
.. —..- . .. .. ... ..—.

with bare hands or contaminate any surface to be
filled. coated, or bonded.

5. Dry area using clean dry cheesecloth.

6. Finish, surfacx per section 4.3.7 and applicable aircraft T.O.

The following lists indicate the types of material and equipment that are required for the repair of
deep scratches. Refer to section 4.2 and 5.0 for the specific identification, preparation, and applica-
tion instructions for the materials. Refer to section 8.0 for more detailed information concerning
“tools and equipment.

6-8.
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Materials

Adhesive, film
Aluminum sheet
Aerodynamic smoother
Cheesecloth, bleached, 4-ply pads
Chromate convetion coating
Cleaner, alkaline
Caustic soda
Cloth, bleeder
Cloth, fiberglass, 181 fabric
Cloth, rumple, purified polishing fabric
Fti, release
F~, vacuum bagging
PainL ftih
primer, adhesive
Primer, aerodynamic smoother
Putty, vacuum seaI
Solution, surface preparation
solvent, Cleaning
Tape, aluminum foil 0.W4 (for ~uminum)
Tape, lead foil (for titanium)
Tape, masking, MtemP
Tape, plastic fdm. nylon
Titanium, sheet
Water, distilled or demineralized

Took or Equipment

Abrasive pad% nonwovem nylon,
Abrasive dot.h or paper, wet or dry, 180,220,320, and ~~t altim oxide “
Asperator, vacuum
Air supply, 90 to 100 psi (w/pr@suR regulator, falter, and oil trap)
Blanket, insulation
Blanket heater, electric
BruslL acid, 3/8-by I-inch
Brush, painL short bristle, l-1/2-inch
Clo@ emery, 150,320, and 400 grit aluminum oxide (for titanium)
Containe~ mixing, polyethylene
Controller, elec~cal, Variac or power staq adjustable, ac
Drills, assorted sizes
Drill motor, pneumatic or electric (explosionproof in fuel areas)
Fillet gun, sealant
Fly cutter
Gage, air pressure. 100 psi
Gage,vacuum, 32 in. Hg

6-9
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Gloves. heat insulating
Gioves, white cotton fiber
Gloves, rubber or neoprene, surgeons’
Fiose, vacuum w/fittings
Knife, pocket
Itficrometer, depth
Micro stop, drill
Pen, ink tmarking
Power suppIy, 115 volt, 60 cycle, ac
Pressure plate, 0.125- and 0.250-inch aluminum
Probes, vacuum, connector
Pyrometer, 0° to 400° F, automatic recording
Router motor, pneumatic or electric (explosionproof for fuel areas)
Router templates
Safety glasses or shield
Saw, reciprocating, pneumatic or electric (explosionproof for fuel areas)
Stibe
Tin snips, metal cutting
Vacuum source
Wire, thermocouple, type J or equivalent

Repair Procedure for Deep Scratches

1.

2.

3.

4.

5.

6.

7.

-

Locate center of scratch and with an ink pencil mark coordinate lines parallel and transverse to
the scmtch to index the scratch center (see fig. 6-5).

Mask the area around the scratch to contain chemicals and to prevent further damage during
rework. Use aiuminum foil or polyester tape for aluminum and lead foil or polyester tape for
titanium.

Remcwe burrs and blend with adjacent surface using 220-to 320-grit abrasive cloth or nylon
abrasive pads per MIL-A-9962 type A for aluminum and fme aluminum oxide emery cloth for
titanium.

Determine the “depth and size of the smoothed area.

Determine the size of the metal overlay patch as shown in tl~e 6-6. The thicknesS of the
patch should be equal to or slightly greater than the smoothed area depth. It should be of the
same alloy as the skin.

Prepare the metal overlay patch. Add coordinate lines.

Prepare the surface of the repair area and one surface (unbeveied side) of the overlay patch for
bonding per instructions outlined in section 5.3. Obsene special notes to keep the cleaned
surface free from contamination.

6-1o
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Figure G5.-Marked Coordinate Linm for Centering Patch Plate Over titch

NOTE: DO NOT allow tie stiace preparation solutions to
contact the previously cured adhesive.

Once the cleaning procedure starts, DO NOT TOUCH
with bare hands or contaminate any surface to be
filled, coated, or bonded.

Iftherepair is not continued within 2 hours
following cleanin~ the cleaned areas shall be covered
using ciean K.mft paper.

8. Select the appropriate primer and adhesive per instructions in section 4.2.1.

NOTE: White cotton lintless gloves shall be worn when
handling the adhesive.

1 December 1382

9. Apply primer to the repairareaand cleaned side of the overlay patch. Cure the primer per
instructions in section 4.3.1.

10. Cut a piece of adhesive film the same size as the metal overlay patch.
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r3.0213~ 0.005 in. J

P

0.010 in.
l--t l7tt3t* ‘

\

8eveiad Detail

-

qq
I

1. Length (1)equalsthe length
of scratchplus twice the required
overlap.

2. Width (w) equals twice the
required overiap.

3. Radius (R) equals one-half of
the width.

13.

14.

15.

16.

17.

MetalOvdap Patch
4. The overlap length should be a

minimum of 1.0 inch or as
speeified by the responsible
engineering authority.

Figure &6.-Detail of Bewled Metal OverYapPatch for Repair of Diwp Scmtt%es

Center the adhesive film over the repair area.

Piace the rnetaI overlay patch over the adhesive film. Secure in place with nylon or polyester
tape.

Locate thermocouples around the patch. Secure in place with nylon or polyester tape.

Remove the protective masking tape.

Prepare the Iayup for bonding in accordance with section 7.11

Bond the overlay patch per requirements for the selected adhesive system in table 4-3.

Remove the bonding equipment.

WARNING: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT PARTS OR EQUIPMENT.

.

,.-

*30t preferable for brittle adhesives.

6-12
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18.Apply aerodynamic smoother around the patch plate pcr section 4.

19 Finish the external surface per section 4.3.7 and the applicable aircraft T.0,

6.3DENTS. SKIN SURFACE

These methods apply to dents that do not con;ain cracks. Dents containing cracks should be repaired
by methods used for holes (see sec. 6.4 or 6.5). Other limitations apply that are desi-gmated in the
specific aircraft model’s T.O. manual. It is cautioned that dents that are not covered by T.O. repair
requirements may still significantly reduce structural capability. Additional guidante concerning
criteria for dent repair should be obtained from the cognizant engineering agency.

IXtring the repair activity. give special attention tothefollowing items:

WARNING : OBSERVE LOCAL SAFETY PRECAUTIONS
AND THOSEDESIGNATEDINSECITON1.3.

DO NOT ALLOW CONCENTRATED MIXES
OR SOLUTIONS TO COME KNCONTA~ WITH
SKINOR CLOTHING.INCASEOF ACCIDENTAL
CONTA~. IMMEDIATELYWASH OFF WITH
GENEROUS AMOUNT OF CLEAN WATER.

ALWAYS WEAR EYE PROTECTIONDEVICES
AND RUBBERGLOVESWHEN HANDLING
ACIDSAND SOLUTIONS.

&i3
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The following lists indicate the types of materials and equipment required. Refer to section 4.2 for
specific information and application instructions for materials. Refer to section 8.0 for more detailed

in form~ltion concerning tools and equipment.

MI terials

Aerodynamic smoother
Che-esec!oth, bleached. 4-ply pads
Chromate conversion coating
Cleaner, alkaline
Cloth, rumple, purified polistilng fabric
Paint, finish
Paper, k-aft, wrapping, wax-free
Potting compound, core and dent ffller
Primer, aerodynamic smoother
Solution, surface preparation
Solvent, cleaning
Tape, aluminum foil 0.004 (for aluminum)
Tape, Icad foil (for titanium)
Tape, masking, hi-temp
Tape, plastic film, nylon
Water, (distilled or demineralized

Tools cmEquipment

Abrasive pads, nonwoven, nylon
Abrasive cloth or paper, wet or dry, 180, 220, 320, and 400 grit, aluminum oxide
Air SUpIplY,90 to 100 psi (w/presswe ~g~ator, rdter7 ad oil tmP~
Brush, acid, 3/8- by l-inch.
Brush, paint, short bristIe, 1-1/2-inch
Containers, mixing. polyethylene
Emery cloth, 150,320, and 400 grit, aluminum oxide (for titanium)
Fillet gun, sealant
‘Gloves:,heat insulating
Gloves., white cotton fiber
Gloves, rubber or neoprene, surgeons’
Heat lamips, 200 to 350 watt (explosionproof)
Knife, putty
Knife, pocket
Micrometer, depth
Pen, ink marking
Power supply, 115 volt, 60 cycIe, ac
Pyrometer, 0° to 400° F, automatic recording
Safety glasses or shield
Spatula, wood or metal
Vacuum cleaner, industrial or hand-type
Wwe, thermocouple, type J or equivalent

6-14
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6.3.1REPAIRPROCEDURESFOR DENTS

1. Locate the center of the damaged area and with an ink pen mark coordinate lines which,
if extended, would pass through the center of the darnaged area.

?-. Mask off an area approximately 3 inches beyond the damaged area to prevent further damage
and to contain any chemical or acid used during the repair. Use aluminum foil or polyester tiipe
for aluminum skins or lead foil or polyester tape for titanium skins.

3. Using 220, 320-. or 400.grit abrasive paper or nylon abrasive pads for aluminum or 320-or
400-grit aluminum oxide emery cloth for titanium, abrade the dented area lightly until a high Iusze:
is obtained.

4. Clean the dented area per instructions for bonding in section 5.3.

CAUTION: Once the (Waning Procedure S-DO NOT
TOUCH With Bate Hands or Contaminate Any
Surfatx to Be FiIkd. Coate4 or Bonded.

DO NOT Allow Solution to Enter The Assembly
or Contact the ?%viously Cured Adhesive.

5. Apply primer if required, on the prepared surface, ~r section 4.3.1,

CAUTION: Rimer Should Be Applied Within 2 Hours After
the Dented Area is Cleaned

Primer Must Be Smoothed Pxior to Cure

6. Apply aerodynamic smoother to dent,(per sec 4.3.6) to twturn area to skin contour.

7. Remove protect ive tape from area around repair.

8. Locate thermocouples adjacent to the repair. Secure in place with nylon or polyester tape.

9. Cure aerodynamic smoother per instructions in table 4-3 or manufacturer’s instructions.

.
10. Sand smoothed area with 320- or 40Wt abrasive cloth or fine emery cloth to improve surface

contour and smoothness (refer to step 3 above).

.
11. Finish external surface per section 4.3.7 and applicable aircraft T.O.
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1“ 6.4 HOLE IN ONE SANDWICH SKIN OR SKIN DELA.MIN.ATION.
NO CORE D.4MACSE

I This procedure appiies to holes in one skin of a honeycomb sandwich where there is no core damage
{see fig. 6-’7). The holes may typically be caused by gouges or cracks.

I This proctdure should also be used for the repair of delamination. Delamination should not be
rep~ired simply by injecting adhesive since the delaminated surface has undoubtedly been contaminated
and must be cleaned prior to bonding.

I During the repair activity. give special attention to the following items:

I WARNING: OBSERVE ALL LOCAL SAFETY PRECAUTIONS
AND THOSE :DESIGNATED IN SECTION 1.3.

DO NOT ALLOW CONCENTRATED MIXES
OR SOLUTIONSTO COME INCONTACTWITH
SKINOR CLOTHING.INCASE,OFACCIDENTAL
CONTACT,IMMEDIATELYWASHOFF WITH
A GENEROU!SAMOUNTOF CLEW WATER.

ALWAYSWEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHENHANDLING
ACIDS AND SOLUTIONS.

IF THE REPAIR IS IN A FUEL TANKAREA
THE FUEL TANK PRESSURE SHALLBE
RELIEVED PRIOR TO STARTING THE REPAIR.
OBSERVE OTHER PRECAUTIONARYPRO-
CEDURES AS DESIGNATED BY THE SAFETY
OFFICER.

The following lists indicate the types of materials and equipment required. Refer to section 4.2 for
specific information and application instructions for materials. Refer to section 8.0 for more
detaiIed information concerning tools and equipment. Refer to section 10.0 for NDI requirements

Materials

Adhesive. film
Aluminum sheet
Cheesecloth, Meached, 4-ply pads
Chromate conversion coating
Cleaner, alkaline
Cloth. bIeeder
Cloth, rumple, purified polishing fabric
Film, release
Film. vacuum bag@ng

6-16
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ole or delamination

‘ Metal

f

fxmch doubler

.

Figure 67. -Schematic of Repair of Surface Puncture or Delamination
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PJiE[. finish
Puper. KNft. wrapping. wax-free

Primer. :wihesive
Putty. vmmum seal

seahnt
Solution. surfdce preparation
Solvent. chning

Tape. aluminum foil 0.004 (for aluminum)
Tape. double-backed
Tape. lead foil (for titanium)
Tape. masking. hi-ternp
Tape. piastic film, nyion
Titaniurm sheet
Water, dlistilied or demineralized

Tools or Equipment

Abrasive pads, nonwoven, nylon
Abrasivt cloth or paper, wet or dry, 180, 220, 320, and 400 grit, aluminum oxide
Air suppiy, 90 to 100 psi (w/pressure regulator, filter, and oil trap)
Blanket, instdation
Blanket,, heater, eiectnc
Brush, acid, 3/8- by i-inch
Brush. paint, short bristle. i-i /2-inch
Containers, mixing, polyethylene
Controi]kr, eiectricai, Variac or power stat, adjustable, ac
Drills, a“~orted sizes
Drill mc)tor, pneumatic or electric (explasionproof in fuel areas)
Emery cloth, 150,320, and 400 grit, aluminum oxide (for titanium)
Fillet gun, sealant
Fly cutter
Gage. air pressure. i 00 psi
Gage, vacuum, 32 in. ~g
Gloves, heat insulating
Gloves, white cotton fiber
Gloves, rubber or neoprene, surgeons’
Heat iarnps, 200 to 350 watt (expiosionproof)
Hole saw assembly
Hose. vacuum w/fittings
Knife, putty
Knife. pocket
Micro stop, drill

Pen, ink marking
Power supply, 115 volt, 60 cycle, ac
Probes, vacuum. connector
pyrome~er, 0° to 400° F, automatic recording

6-18
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Router bits. assorted sizes
Router motor. pneumatic or electric (explosionproof for fuel areas)
Routtr templates
Safety glasses or shieki
Spotula. wood or metal
Tin snips. metal cutting
Vacuum cleaner. industrial or hand-type

Vacuum source
Wire. therrnocoupk. type J or eqcivalenr

6.4.1 REPAIR PROCEDURES FOR A HOLE IN ONE SKIN OR DELAMINATION. NO CORE
i)AiiAGE

Use the followin$ repair procedures:

1. Locate the center of the damaged area and with an ink pencil. draw coordinates which. if

extended. would pass through the center of the damaged area (see fii 6-S).

7-. Nlask the area around the repair area to prevent further dam~ze during rework. Use aluminum
foil or polyester tape for aluminum and lead foil or polyester tape for titanium.

.

f skin-t-e
nation

. .

Figure 68. –Marked Cbordinare Lines for C2ntering Patch Over Hole or Delamination
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..>.

4.

5.

6.

Renllove tl~eskin ailliI~irtltitt~ ofO.25 inctllltyoIld theedge of theclanlaged ordelamjnated area.
Use J carbide-tipped uutter.for Iitaniurn. mild steel for aluminum. Note that J circular cut is
USWIIYthe easiest to m~ke where it ISappiiwble.

CAUTION: DO NOT Cut Through the Adhesive Layer Between
the Skin and Core.

Remove the damaged portion of the skin or the portion of the skin covering the delaminated
area. Cooling with dry ice may facilitate removing the circular piece. Be careful not to damage
the core.

if the edge of the skin patch comes cjff quite easily, indicating a poor bond, the hole size should
be enlarged. This can be done by reattaching the skin patch with double-backed tape and
selecting a larger diameter cutter. The maximum hole size limits are stipulated in the applicable
aircraft -3 T.O. manual. For larger areas. the entire skin should be removed and replaced per
section 7.0.

NOTE : After the skin is removed, and if there is core damage,
make the repair per section 6. S. If the core is not
damaged. continue with this procedure.

Inspect for moisture and corrosion. If moisture or
corrosion is present, its extent must be determined and
it must be removed. If the repair area is contaminated
with fuel or hydraulic fluid. use MEK or another
suitabie solvent, and a brush to clean. Be sure the area
is free from contamination and dry before proceeding
with the repair.

Fabricate the metal details. Make a plug and cover plate from aluminum or titanium sheet
stock. These shall be the same thickness and alloy as the sandwich skin.

a.

b.

c.

d.

e.

f.

Determine the alloy of the s&d.with skin from the -3 T.O. manual.

Determine the thickness of skin from the applicable aircraft -3 T.O. manual or by
“miking” the removed skin plug.

.

-.

Cut the plug to snugly fit into the skin hole.

Cut the cover plate of size to provide a sufficient bond overlap.
cover plate shall be a minimum of 2.0 inches greater than that of the hole or as specified
by the responsible engineering authority.

The diameter of the

-
,.

If the aluminum or titanium exceeds 0.025 inch in thickness, the cover pla:e edge shall
be beveied per figure 6-9.

Using an ink pencil. draw coordinate lines throu.ti the center of tapered side of cover
plate (fig. 6-1O).
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.

7.

8.

9.

10.

Figure 6-9. -Beveled Ed~ of Patch Plate

Coordinates Coverplate
\

/

Figure &10. -Beveled Parch Plate With Coordimte Liner

Mask the hole in the skin with tape to prevent contamination during cleaning of the skin
surface. Use aluminum foil or polyester tape on aluminum skins and lead foil or polyester tape
on titanium skins. When covering the core, OVeriapthe skin surface 0.060 A 0.020 inches. See
figure 6-11. Similarly mask around the cutout, leaving the area clear that will be cleaned for
bonding the patch plate.

Remove any organic finish from the surface of the repair area using 180-grit abrasive cloth.
Secondly, sand the area to a satin fiiish with a 400-grit abrasive cloth or fine emery cloth
Nylon abrasive pads may be used to polish the surface of the aluminum.

Prepare the surface of the core and the skin area to be bonded per instructions outlined in
section 5-0. Do not remove the coordinate lines.

CAUTION: Once the Cleaning Roceclum Starts. DO NOT
TOUCH With Bare Hands or Contaminate Any
Surface to Be Filled+ (hated. or Bonded.

DO NOT ALLOW the solutions to Enter the
Assembly or Contact the I%eviously Cured Adhesive.

Clean both sides of the metal plug and one side of the cover plate (opposite the bevel). Again
obseme special notes ~ing touching the cleaned surfams.
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r-M-
asking tape

Figure G 11.-Application of Masking Tape Prior to Surface Cieaning

NOTE: “ If the repair is not continued within 2 hours following
cleaning, the cleaned area shall be covered with clean
wax-free Kraf t paper.

11. Apply primer and adhesive. Position the skin plug and cover plate for bonding.

0.062 HL020 in.
tape overlap

b.

c.

d.

e.

Apply applicable primer to WI area, plug and cover plate per section 4.3.1. Cure as
required.

NOTE : W’bitecotton, lintless gloves shall be worn when
handling adhesive.

Remove tie required adhesive from storage and observe precautionary note (sec. 1.2.5).
Do not touch the adhesive with bare hands.

Cut two adhesive disks, the same diameter as the cover plate and plug. See sections 4.2
and 4.3.

Place exposed side of the larger adhesive disk on the clean side of the cover plate. Place the
other disk on either side of the plug.

Place the plug in the cutout with the adhesive side down. Align the cover plate coordinates

with repati area coordinates with the adhesive side down. Place the cover plate over the
plug and secure in position with nylon or polyester tape (fig. 6-12).

12.!Remove the protective masking tape sumounding the repair area.

6-22
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/ - 81eeder cloth

// ~ Heater blanket

Figure G 12.-Finished Layup
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13. Locate thermocouples around the repair area.

14. Prepare the repair for bonding in accordance with section 7.11.

15. Bond the repair per requirements for the selected adhesive system in table 4-3. ?.1.3.

16.Remove bonding equipment after cure cycle is complete.

WARNING: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT PARTS OR EQUIPMENT.

17. Remove excess adhesive flash (sec. ?. 12).

18. Inspect per section 10.1.7.

19.Sea!laround the edge of the patch plate with sealing compound (refer to sec. 4.2 and 4.3.6).

20. Apply finish per section 4.3.7 and the applicable aircraft T.O.

5.5 HOLE IN ONE SANDWICH SKIN, DAMAGED CORE

These methods apply to repair where a puncture or dent has damaged one skin and the immediate
core area. Two basic types of repair are covered in this section. The fiist utilizes a replacement core
plug to replace the damaged honeycomb. This method is generally preferred. A second method is
included which covers replacement of ’the core with potting material. This method may be less
expensive and more expedient. It should be used for small holes only. Its use is subject to approval
of the responsible engineering authority.

Other limitations apply that are designated in the specific aircraft model’s T.O. manuaI. hMruction
for the repair of more extensive damage is given in section 7.0. Inspection instructions are given
in section 10.0.

During the repair qctivity, give special attention to the following items:

WARNING: OBSERVEALL LOCAL SAFETY PRECAUTIONS
AND THOSE DESIGNATED IN SECI’ION 1.3.

DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLUTIONS TO COME IN CONTACI’ WITH
SKIN OR CLOTHING. IN CASE OF ACCIDENTAL
CONTA~, IMMEDIATELY WASH OFF WITH A
GENEROUS AMOUNT OF CLEANWATER

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND SOLUTIONS. .
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I
WARNING: IF THE REPAIR IS IN A FUEL TANK AREA

THE FUEL TANK PRESSURE SHALL BE
RELIEVEDPRIORTO nARTING THE REPAIR.
OBSERVEOTHER PRECAUTIONARYPRO-
CEDURESAS DESIGNATEDBY THE SAFETY
OMCER.

1 December 1382

The following lists indicate the types of materials and equipment required. Refer to section .4.2 for
specific information and application instructions for materials. Refer to section 8.o for more detailed
information concerning tools and equipment.

Materials

Adhesive, core splice foam
Adhesive, fh
Adhesive, paste
Aluminum honeycomb core
Aluminum sheet
Cheesecloth, bleached, 4-ply pads
Chromate conversion coating
Cleaner, alkaline
Cloth, bleeder
C30~ rumple, purified polishing fabric
Film, release
F@, vacuum bagging
Paint, ftih
Paper, Kraft, wrapprng, wax-free
Phenolic sheek O.125-inch
Potting compound, core and dent ffler
primer, adhesive
Primer, sealant, aerodynamic smoother
Putty, vacuum seal
SealanL aerodynamic smoother
Solution, surface preparation
solven~ nonch}orinated (for titanium)
Solvent, cleaning
Tape, aluminum foil 0.004 (for aluminum)
Tape, double-backed
Tape. masking, hi-temp
Tape, plastic fti, nylon
Titanium, sheet
Water. distilled or demineralized

Tools or Equipment

Abrasive pads. nonwoven, nylon
Abmsive cloth or paper. wet or dry, 180, 220, 320, and 400 grit, aluminum oxide
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Aspiral[or. vacuum
Air SUPPIY,90 to 100 psi (w/pressure regulator, filter, and oil trap)
Blanket, insulation
Blanket, heater, electric
Brush. acid, 3/8- by l-inch
Brush, paint, short bristle, l-1 /2-inch
ContaineH, mixing, polyethylene
ContrcNer, electrical, Variac or power btat, adjustable, ac
Drills, assorted sizes
D-N motor, pneumatic or electric (explosionproof in fuel areas)

, s,urgeons’

Emery clot~~ 150,320, and 500 grit, ahuninum oxide (for titanium)
Fiilet gun, sealant
Fly cutter
Gage, iiir pressure, 100 psi
Gage, vacuum, 32in. Hg
Gloves, heat insulating
Gloves, white cotton fiber
Gloves, rubber or neoprene,
Heat lamps, 200 to 350 watt (explosionproofl
Hole saw assembly
Hose, vacuum w/fittings
Knife, core cutting
Knife, putty
Knife, pocket
Micrometer, depth
Micro stop, drill
Pen, ink marking
Power supply, 115 volt, 60 cycle, ac
Pressure plate, 0.125- and O-250-inchaluminum
Pro&,, vacuum, connector
Pyrometer, 0° to 400° F, automatic recording
Rod, mixing, metal or plastic
Router bits, assorted sizes
Router motor, pneumatic or electric (exploaionproof for fuel areas)
Router templates
Safety glasses or shield
scribe
Spatula, wood or metal
Th3 snips, metal cutting
Vacuum cleaner, industrial or hand-type
Vacuum source
Wire, thermocouple, type J or equivalent

G26
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6.5.1 HONEYCOMB CORE PLUG REPAIR

Two types of repair are presented. One covers the situation for thick sandwich where the repair
extends cmly partially through the depth. The other is for a repair where the full depth of core is
replaced. These repairs are shown schematically in figure 6-i 3. The repair steps are as follows:

1. Apply masking around the repair area to prevent further damage during rework and to contain

chemicals or acids. Use aluminum foil or polyester tape for aluminum and lead foil or polyester
tape for titanium.

7-. Using an ink pencil. draw coordinates which. if extended, would pass throus~ the center of the
damaged area (fig. 6-14).

3. Determine if a hole saw or router is best suited for removing the damaged materiaL Roceed to
section 8.1.1 or 8.1.2 for instructions.

NOTE: Inspect for moisture or corrosion. If moisture or cor-
rosion is present its extent must be determined and it

must be removed. If the repair area is contaminated
with fuel or hydraulic fluid, use MEK or another suit-
able sotvent, and a brush to clean. Be sure the area is
free from contamination and dry before proceeding
with the repair.

4. When damage removal is complete per section 8.1, mount a mushroom-type sanding arbor in an
air motor. Attach a small diameter 22+ to 320-grit aluminum oxide disc. Remove the remaining
core ends and adhesive fiiets to a smooth finish. If bare skin is exposed through the adhesive
film, reclean per section 5.3. This is a faying surfam for rebonding later in the repair &quence.

5. Remove the sanding dust and debris with a vacuum cleaner.

6. Dry wipe with clean dry cheesecloth or rumple cloth pads-

7. If assembly cannot be continued for 30 minutes or more, cover with clean wax-free Kraft paper.

8. Core plug fabncat ion

a. Cut and fit a core plug. Select the core density, cell we ~d ~lOY to be the =me ~ that
used in the original construction. Instructions for cutting the core details are given in
section 6.1.2.

b. Trim the plug to a loose fit in the routed cavity. Trim the core surface to be flush with the
surface of the skin.

c. Carefully remove the trimmed core plug from the machined cavity.
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Full Depth Repair
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Figure 6-13. -Schemaric of Repair ~r Qamage ro one &ndWich Fa~ and Core
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~Damaged area’

Figure G 14.-Marked Coordimte Lines for G?ntering Patch Over&m Plug Repair

CL Clean the core plug per section 5.2.

● Use tnchloroethane or other approved degreasem-

CAUTION: Clean White Cotton Lmtks Gloves Shall Re Worn
When Handling Cleaned Details or the Adhesive.

● Use caution while cleaning the core plug.

● Heat the core plug in an oven at 150° F maximum.

e. Wrap the core plug in cIean. wax-free Kraft paper until needed for assembly.

9. Fabricate the patch plate:

a. Select the material to be the same as the sandwich face material that is being patched-
The gage should be the same as that of the face material or. if not available, the next
hea}ier gage.

b. Cut out the patch plate to be the diameter of the hole plus the allowance for overlap.
The overlap should be a minimum of 1.0 inch or as designated by the responsible
engineering authority.
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c. IF the patch plite exctwls 0.025 inches in thi~-kness. hew] the edge O( one side m shown in
fig~lre ().l j. Add ~oordin~[~ ]in~s.

kweled ed~

J@

/
~ ‘\ L

A

\
/

‘/ ~,02,+0.00!jin~=Tt
-0.010 in:

8eveled Detail

Coordinate lines

Patch Plate

Figure 6- 15.–Derail of Beveled Parch Piare and Coordinate Lines

i O. Prepare the adhesive and metal shim:

a. Selectthe appropriate adhesive film per section 4.2 or the applicable aircraft T.O.
Obseme precautionary notes ‘when removing refrigerated material from storage. Do not
10UCIIthe adhesive with bare hands.

b. Cut one disk of adhesive to the same size as the repair cut-out (cut out two disks if a
partiai-throu~ repair is being made (see fig 6-13).

c. If a partial-through repair is being made, also cut out a 0.0 10-inch-thick aluminum shim
the same size as the repair cut-out.

d. Preassemble details to ensure proper fit.

11. Prepare both surfaces of the metal shim (if used) for adhesive bonding per section S.3 or 5.4.
Wipe the bottom and sides of the cut-out area with solvent (see sec. 4.2). Allow the area to dry.

CAUTION: Once the Cleaning Procedure Starts, DO NOT TOUCH
With Bare I-Landsor Contaminate Any Surface To Be
Filled, Coated, or Bonded.

.
....

DO NOT Allow Solution to Enter the Assembly or
Contact the Previously Cured Adhesive.
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CAUTION : Observe Requirements for a Clean Environment.

1 December 2382

Wear Clean White Cotton Lktless Gloves When
Handling Clan Details or Adhesives.

12. Assemble the repair details for initial bonding:

a. Remove separator film from one of the adhesive disks and position the adhesive film in
the bottom of the cut~ut.

b. If a partial-through repair is being made, place the 0.010 inch metal shim on top of the
adhesive. Cover wit h the second adhesive disk. Be sure to remove the separator fti.

c. Position a layer of 0.050 or 0.100 inch core splice adhesive foam tape around the inside
edge of the cavity (see fig. &l 6).

d. Carefully insert the core plug into the cavity. Orient the ribbon direction of the core plug
foil to be the same as that of the sandwich core. Be careful not to push the adhesive tape
down the side of the cavity as the core is inserted. Fill any voida with additional adhesive
foam tape. The core plug should extend slightly above (approx 0.010 in.) the face surface.

Foaming mresptim adhesive
(cut in swim for installation)

I \ co.~in 0.010 in.

~~jlll Illllllmilmj
\

llnlllllllll~
I L Mhesive film

SacA-A

Figure 6 I&-Application of Clxi4pjice Adhesiw and Metal Shim Plug for a Partkd
Through-Repair
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Locate three thermocouples, equally spaced around the core plug. Fasten in place using nyIon
or polyester tape.

Prepare the repair area for initial bonding in accordance with section 7.11.

Bond the repair per requirements for the selected adhesive systems in table 4-3.

NOTE : Once the curing cycle has started. continue until the
cycle is complete.

Remove the bonding equipment after the cure cycle is complete.

WARNING: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HC)T PARTS OR TOOLS.

Visually inspect the core phIg for a homogeneous bond. If voids are present in the bondline,
fill with a core splice adhesive paste per section 4.2. Cure at the required temperature.

Sand the core flush with the skin surface using 320-grit abrasive paper. Remove sanding debris
from the core cells with vacuum. Use care not to damage the core cells.

After removing sanding dust, wipe surface of core with solvent. Dry with clean dry cheesecloth
and clean dry compressed air to remove all trace of solvent.

Mask the core plug surface to prevent contamination during cleaning of the skin surface. Use
aluminum foil or polyester tape for aluminum assemblies and lead foil or polyester tape for
titanium. Overlap the skin surface 0.060 t 0.020 inches. See figure 6-11. Similarly mask
arourtal the cut-out leaving the area clear that will be cleaned for bonding the patch plate.

Chemically prepare the skirt surface ancl the surface of the patch plate for bonding per section
5.3 or 5.4. Obsewe notes concerning safety and cleanliness noted previously under step 11.

After the surface preparation is complete, apply the appropriate adhesive prirrier per section 4.3.
Should, the primer or adhesive application be delayed for more than 30 minutes, cover with
clean wax-free Kraft paper.

Apply adhesive and install the patch plate as follows:

NOTE: Wear clean white cotton lintless gloves when handling
clean details or adhesives.

a. Remove the required adhesive from storage. Observe precautionary notes ‘when removing
refrigerated material from storage (sec. 1.2.5 ). Do not touch the adhesive with bare hands.

b. Using the patch plate as a template. cut an adhesive disk to the patch plate size.
.

,q,

,..
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c.

d.

e.

Remove the separator film from the adhesive disk.
core plug and that masking the surrounding area.

1 &C&X :982

Remove the masking tape covering the

Apply the adhesive disk and the patch plate (beveled side up) over the cut+ut area. Use
the coordinate lines for alignment.

Secure the patch plate with nylon or polyester film tape (see fig 6-1 7).

Pcdyester

Figure 617.-Patch Plate Secured With Polyester Tape

24. Repare the repair for bonding in accordance with section 7.11. See figure 6-18.

25. Bond the repair per requirements for the selected adhesive system in section 4.2.
*

.-: 26. Remove bonding equipment after cure cycle is complete.

WARNING: WEAR HEAT INSULATJIW GLOVES WHEN
HANDLING HOT PARTS OR EQUIPMENT.

27. Remove excess adhesive (sec. 7. 12).

tape

28. Sal around edge of patch plate with sealing compound (refer to sec. 4.2 and 4.and 4.3.6).

&33
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Insulation

\ “’;”07 /KTe’0:.’at.9B,anket
Nylon film

Air barrier

-,,.

Figure G 18.– Typical $k?tupof Single Hearing Blanket with Backup Pressure
for Thin Sandwich Reoair

29. Apply finish per section 4.3.7 and applicable aircraft T.O.

6.5.2 POTTED PLUG REPAIR, OPTIONAL METHOD (NEEDS ENGINEERING APPROVAL)

1. Preparation of the repair area prior to insertion of the potting compound is the same as that for
the honeycomb core plug repair described in 6.5.1. Start the repair by performing steps given
in section 6.5.1, steps 1 through 8.

2. Select and prepare the potting compound per instructions given in section 4.3.4.

3. W]pe the bottom and sides of the cut-out area with solvent. Allow the area to dry.

4. Fill the core cavity using the prepared potting compound. Pack the cavity until the compound
is approximate y 0.020 inches above the skin surface.

5. Remove excess compound from the panel surface using cheesecloth moistened with acetone.

WARNING: SPECIAL PRECAUTIONS TO BE USED WHILE
HANDLiNG SOLVENTS ARE NOTED IN
SECTION 1.3.

*,

..

Do :not remove the coordinate lines from the skin surface. Allow cleaned area to dry for
approximately 15 minutes.
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b. If a room-mnpersture-uuring potting compound is used. allow the msterial to cure for the time
period designated in table 4-3. ,kwkration of the cure with heat l~mps may be permitted. DO
N3T C)VE RHE.AT. After curing. proceed with step 12.

If a potting compound requiring an elewdted-temperature cure is used. proceed with step 7.

7. Apply two layers of nylon or polyester film tape over the routed hole and potting compound
m-s-hewn in figure 6-19.

‘i
Second tape layer

Repair area _

8. Locate

First tape tayer

I

Seared tape tayer

r

Routed hole filled with
potting -pound

First Tapelayer 7

section A-A

Figure &19. -Application of Masking Tape Over Pot-redPlug Repair

three thermocouples equally spaced around the potted area. Fasten in place with nylon
or polyester tape.

9. Prepare the potted area for curing by applying a release film. caul plate. heating blanket, vacuum
ba~jn8 fi~. etc. See section 7.] I and fi=~re 6-20, No~ally the patch plate can be used for

the caul plate unless it is quite thin. i.e.. less than 0.030 inch.

10. Cure the assembly per requirements for the selected potting compound as indicated in table 4-3.

11. Remove the bonding equipment and ma;erial after the cure cycle is complete.

WAR.NIN& WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT PARTS OR TOOLS.

6-35
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Bleeder Heatingblanket y Releasefilm q _ Insulation

Tw
pol

Figure S20.-Lay-Up for Heat Curing the Potted Core Plug

Viiiua]ly inspect the potted plug fc,r voids. If there are voids, fill with potting compound.
Cure at room temperature or with heat lamps.

Smooth the potted surface as foliows:

a. Sand the potted surface to 0.000 to 0.005 inch above the skin surface using 320-gnt
abrasive paper.

b. Remove sanding debris from the area with clean vacuum.

c. W]pe the area with ciean dry cheesecloth,

Continue the repair using steps 21 through 29 in section 6.5.1.

6.6 HOLE TMROUGH BOTH SANDWICH SKINS

These repair methods apply when both skins and the honeycomb core of a sandwich pan~ have been
damaged (fig. 6-2 1). Three types of repairs are presented. These include ( 1) a honeycomb core plug,
nonflush, (2) a potted plug, nonflush, optional, and (3) a honeycomb’ core plug, flush one side. The
use of potting to replace the damaged core should be considered only for very small areas and with
approval of the responsible maintenance engineer. Other limitations apply that are designated in
the specific aircraft model’s T.O. manual. Instruction for the repair of more extensive damage is
given in section 7.0.

wire

.

.

6-36



I

I

.

.

MsL+DBK-337 1 December :382

Damagedarea

Fi~re 621.-Damage Through Both Skins and Honeycomb C&e

During the repair activity, give special attention to the following items:

WARNING: OBSERVE ALL LOCAL SAFEIY PRECAUTIONS
AND THOSE DESIGNATED IN SECI’’ION 1.3. .

DO NOT ALLOW CONCENTRATED MIXTUR=
OR SOLUTIONS TO COME IN CONTACI’ WITH
SKIN OR CLO’IIIING. IN CASE OF ACCI-
DENTAL CONTA=, IMMEDIATELY WASH
OFF WITH A GENEROUS AMOUNT OF CLEAN
WATER.

ALWAYS WEAR EYE PROTECXTON DEViCES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND SOLUTIONS.

IF THE REPAIR IS IN AFUELT-=
THE FUEL TANK PRESSURE SHALL BE
RELIEVED PRIOR TO =ARTING THE REPAIR
OBSERVE OTHER PRECAUTIONARY PRO
CEDURES AS DESIGNATED BY THE SAFETY
OFFICER.

The following lists indicate the types of materials and equipment required. Refer to section 4.2
for specific information and application instructions for materials. Refer to section 8.0 for more
detailed information concerning tools and equipment.
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Materially

.Adhesive, core splice foam
Adhesive, film
Adhesive. paste
Aluminum honeycomb core
Aluminum sheet
Cheesecloth, bleached, 4-ply pads
Chromate conversion coating
Cleaner, alkaline
Cloth, bleeder
Cloth, rumple, purified polishing fabric
Fihn, rdease
Fdm, vacuum bagging
Paint, finish .
Paper, Kraft, wrapping, wax-free
Phenolic sheet, O.125-inch
Potting compound, core and dent filler
Primer, adhesive
Primer, sealant
Putty, vacuum seal
Sealant
Solution, surface preparation
Solvent, nonchlorinated (for titanium)
Solvent, cleaning
Tape, aluminum foil 0.004 (for aluminum)
Tape, dcmble-backed
Tape, lead foil (for titanium)
Tape, masking, hi-temp
Tape, plastic film, nylon
l%miurn, sheet
Water, distilled or demineralized

TOOISor Equipment

Abrasive pads, nonwoven, nylon
Abrasive cloth or paper, wet or dry, 180,, 220,320, and 400 grit, aluminum oxide
Aspirator, vacuum
AWsupply, 90 to 100 psi (w/pressure regu3ator, filter, and oil trap)
Blanket, instating
Blanket, heater, eiectnc
Brush, acid, 3/8- by 1-inch
Brush, paint, short bristle, 1-1/2-inch
Containers, mixing, polyethylene
Controlhw, electrical, Variac or power stat, adjustable, ac
Mlls, assorted sizes

G3%
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Drill motor. pneumatic or electric (explosionproof in fuel areas)
Emew cloth, 150,320, and 400 grit, aiuminum oxide (for titanium)
Fillet gun, sealant
Fly cutter
Gage, air pressure, 100 psi
Gage, vacuum, 32 in. Hg
Gloves, heat insulating
Gloves, white cotton fiber
Gloves, rubber or neoprene, surgeons’
Heat lamps, 200 to 350 watt (explosionproof)
Hole saw assembly
Hose, vacuum W/flttiIlgS

Knife, core cutting
Knife, putty
Knife, pocket
Micrometer, depth
MicrQ stop, dni
PerL ink marking
Power supply, 115 volt 60 cycle, ac
Pressure plate, 0.125- and 0.250iich aluminum
Probes, \acuum connector
Pyrometer, 0° to 400° F, automatic recording
Rod, mix- metal or plastic
Router bits, assotied sizes
Router motor, pneumatic or electric (explosionProof for fuel -)
Router templates

safety gkses or shield
Scrii
Spatu4 wood or metal
Tii sni~ metal cutting
Vacuum cleaner, industrial or hand-type
Vacuum source
Wm, thermocouple, type J or equivalent

6.6.1 HO-~MB CORE PLUG REPJ41R NONFLUSH

The repair is shown schematically in f- 6-22.

The repair steps are as foIIows:

1. Apply masking tape around the damaged area to prevent further damage from rework and to
contain cleaning chemicals or acids. Use aluminum foil or polyester tape for aluminum and lead
foil or polyester tape for titanium.



MXL-HDBK-337

z Adhesive _ Sriice dates

1 Decenber 1982

L @e pIUg =Core-splice adhesive

Figure 6-22.-Schematic of Repair Using Non flush Honeycomb Core Plug

Using an ink pencil, draw coordinates which, if extended, would pass through the center of the damaged
area (see fig. 6-23).

Figure 6-23. —Marked Coordinate Lines for Centering Patch Over Core Plug Repair

.-

?.,

. .

.
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3. Determine if a hole saw or router is most suitable. and remove the damaged material. For
instructions on use of a hole saw or router. refer to section 8.1.1 or 8.1.2.

4. Use a vacuum cleaner to remove dust or debris from the repair area. Inspect for internal uwro-
sion or moisture.

NOTE : If moisture or cofiosion is present, its extent must be
determined and it must be removed.

If the repair area is contaminated with fuel or
hydraulic fluid, use MEK or another suitable solvent
and a brush to clean. Be sure the area is free of
contamination and dry before proceeding with the
repair.

5. Fabricate the patch plates:

a Patch plates are required for both the outer and inner skins. Select the material to be
the same as the sandwich face material that is being patched. The gage should be the
same as that of the original face matetial or, if not available, the next higher gage.

b. Cut out the patch plate to be the diameter of the hole plus the allowance for overlap. The
overlap should be a minimum of 1.0 inch or as specified by the responsible engineeti
authority.

c. If the thickness of the patch plates exceeds 0.025 inch, bevel one side as shown in f-
624. Add coordinate lines for positioning.

w“
“nate lines

Ckrle

‘\

\ /
\

--f

t

L
0.0Zo+O@5in~~7

-0:010 in:

Bevded detail

~ Bevetededge

Figure G24.-Detail of Beveled Awch Plate and Coordinate Lines
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6. COre plug fabrirdtion:

1 December 1982

a. Cut and fit a core phg. Select the core density, cell size. and alloy to be the same as that
used in the original constructicm. Instructions for cutting the core details are given in
section 6.1.2. ‘

b. Trim the edges of the plug to a loose fit in the routed cavity. Trim the core surface to be
flush with the outer surface of the two skins.

c. Carefully remove the trimmed core plug from the machined cavity.

d. Clean the core plug per section 5.2.

● Use trich~oroethane or another suitable solvent for aluminum core.

● Use caution while cleaning the core plug.

* Play air over the plug unti! all odor of cleaning solvent is removed. Do not damage
the cell walls with an air Mast. Carefully shaking the core plug to remove the solvent
is acceptable.

NOTE: Wear clean white cotton gloves when handling the
clean core details or adhesives.

7. Repare the repair area for bonding in the core plug. Wipe the edges of the core in the cavity
with solvent. Dry with clean dry cheesecloth and clean dry compressed air to remove all trace
of solvent-

8. Install and bond the core plug as follows:

a.

b.

c.

d.

Obtain the core splice adhesive from storage. See table 4-1 for material selection.
Observe precautionary notes when removing refrigerated material from storage (sec. 1.2.5).

Slice the foam adhesive into strips the width of the core plus 1/8 inch for lining the cavity.

Position a layer of the core splice adhesive around the edge of the cavity. See figure 6-25.

Carefu[ly insert the core plug into the cavity. Orient the ribbon direction of the plug foils
to be the same as that of the core in the sandwich. Take care not to push the adhesive
down the side of the cavity when inserting the core plug. Fill any voids with extra core
splice adhesive.

Place a layer of release fihn over each end of the core plug. Using the patch plates as caul
plates, locate the patch plates over the release film. Secure in place with polyester or
nyion film tape.

. .

a
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Foaming corsxplice adhesive
(Cut in strim for installation)

Figure 6.25.-Application of Con?=Spli- Adhesiw? to Ctxe Plug Repair

e. Using the standard bonding procedure described in section 7.11, vacuum bag the repair
area and cure tAe core splice adhesive per instructions in section 4.2

f. After the cure has been completed, debag the assembly.

CAUTION: Wear Eeat Insulating Gloves When HansMingHot
\ Took or Parts.

9. Inspect the core plug for a homogeneous bond. If voids appear in the bondline, fill with addi-
tional core splice adhesive foam. Cure at the recommended temperature.

10. Sand the core surface flush with the skin surface. Remove the sanding debris with clean dry
compressed air or vacuum.

11. Wipe both surfaces of the core plug with cheesecloth moistened with cleaning solvent (refer to
sec 4.2). Dry to remove all trace of solvent.

1~. MA tie ~om plug ~~aces to prevent con~nation during preparation of the skh SurfacZS

for bonding the patch plates. Use aluminum foil or polyester tape for aluminum skins and
lead foil or polyester tape for titaanium. Overlap the sMn edges by approximately 0.060 t 0.020
inch. Similarly mask around the cut-out leaving the area clear that will be cleaned for bonding
the patch plate. See fgure 6-26.
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0.060 tape

Figure G26.-App1ication of Masking Tape Prior to S@%@ Ckaning

15. Prepare the adhesive:

a. %dect the appropriate adhesive :per section 4.2. ObSerVe precautionary notes when

removing refrigemted material from storage (sec. 1.2.5). Do not touch the adhesive
with bare hands.

b. Cut two disks of adhesive the same size as the patch plates. The patch piates may be used
as templates.

16. Chemically prepare the skin surfaces and the surfaces of the patch plates for bonding per
instructions in sections 5.3 or 5.4. obsel-ve notes regarding cleanliness and safety:

WARNING:

CAU’TION:

DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLUTIONS ?’0 COME IN CONTACX WITH
SICIN OR CLCITHING. IN CASE OF ACC~ENTAL
CONTACT, IMMEDIATELY WASH OFF WITH
GENEROUS AhfOUNTS OF CLEAN WATER.

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND CLEANING SOLUTIONS.

Once the Cleaning Ptocedure Starts, DO NOT TOUCH
Whh Bare Hands or Contaminate Any Surface to”Be’”‘“‘“
Filled, Coated, or Bonded.
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CAUTION: DO NOT Allow Solutions to Enter the .4ssembly
or Contact the Previously Cured Adhesive.

Obsewe Requirements for a CIean Environment.

17. After the surface preparation is complete. apply the appropriate adhesive primer per section 4.3.1.
Should the primer or adhesive application be delayed for more than 30 minutes, cover with
clean wax-free Kraft paper.

18. Apply adhesive and install the patch plates as follows:

a- Remove the separator film from the adhesive disk Remove the masking tape covering
the core plug and that masking the surrounding area.

.

b. Apply the adhesive disks and the patch plates (beveled side up) over the cut-out areas
Use the coordinate lines for alignment.

c. Secure the patch plate with polyester or nylon film tape (see fig. 6-27).

d- Attach a minimum of three thermocouples around the patch plate. Secure in place with
nylon or polyester film tape.

Figure 627. -Pazh Plate Secured Wirh Polyesrer or Nylon Tape
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19. Prepure the reptiir for bonding in accordance with section 7.1 I.

NOTE: For assurance of a quality bond. heat must be applied
to both surftiies of th- sandwich when the ussembIy
is thicker tlun 1/2 inch.

20. Boi~d the repair per requirements for the selected adhesive system in section 4.2.

21. Remove bonding equipment after cure cyck is complete.

WARNING: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT PARTS OR EQUIPMENT.

22. Remove excess adhesive flash (sec. 7.12).

23. Seal around edge of the patch plate with sealing compound, refer to section 4.3.6.

24. Appiy finish per section 4.3.7 and the applicable aircraft T.O.

6.6.2 POTTED PLUG REPAIR, OPTIONAL METHOD (NEEDS ENGINEERING APPROVAL)

The

1.

3.

1 Decembex 1982

compieted repair is shown in figure 6-28. Instructions for making the repair are as follows:

Preparation of the repair area prior to insertion of the potting compound is the same as that
for the honeycomb core plug repair described in section 6.6.1. Start the repair by performing
steps given in section 6.6.1 steps 1 through 6.

Select and prepare the potting corhpound per instructions given in section 4.2 and 4.3.4.

Wipe the sides of the cutmut ma with solvent (see sec. 5.2). Allow the area to dry.

- Potted core Ph.q

. .

,-

. .. . F@.we 6-28. -Schematic of Repair Using Pcwted Core P@J

8-+6
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4.

5.

6.

7.

8.

9.

Fill the core cavity using the prepared potting compound. To facilitate this. attach a layer of
release film and an aluminum plate over the hole opposite the fill side using nylon or polyester
tape. Pack the cavity until the compound is approximately 0.020 inch above the skin surface.

Remove excess compound from the panel surface using cheeseclorh moistened with acetone or
another suitable sotvent. Take care to keep excess solvent out of the potting+ompound-filkxi
area. Do not remove the coordinate lines from the skin surface. Allow cleaned area to dry for
approximately 15 minutes.

WARNING: SPECIAL PRECAUTIONS TO BE USED WHILE
HANDLING SOLVENTS ARE NOTED IN
SECTION 1.3.

If a room-temperature-curing potting compound is used, allow the material to cure for the
time period designated in section 4.2. Accelemtion of the cure with heat lamps may be permitted.

DO NOT OVERHEAT. After curing, proceed with step 11.

if a potting compound requiring an elevated-temperature cure is used, proceed with step 7.

Apply two layers of nylon or polyester fti tape over the routed hole and potting compound
as shown in figure 619.

Prepare the potted area for curing by applying a release film, caul plate, heating blanket, vacuum
Ix@ng fdm, et~ See section 7.1 I and f- &20. NormaIly the patch plates can be used for the
caul plates, Le, tooling plates to distribute the pressure flatly over the surface, unless they are
quite thin, Leq less than 0.030 inches See figure 629.

Cure the assembly per requirements for the selected potting compound as indicated in table 4-3.
,

-Matched aulpial13

& %tting compound

Figure G29-Patch Plaw Used a Cad Plates to tire Porting Cbmpound

6-47
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10.

il.

12.

13.

Remove t!w bonding equipment ~fter the cure cycle i: complete.

WARNING: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT PARTS OR TOOLS.

Inspect the potted plug for voids per section 10.0. If there are voids, fill with potting. Cure at
room temperature or by heating. See the applicable T.O. for limits and precautions.

Smooth the potted surface as follows:

a. Sand the potted surface to 0.000 to 0.005 inch above the skin surface using 320-grit abrasive
paper.

b. Remove sanding debris from the area with vacuum.

c. Wipe the area with clean dry cheesecloth.

Continue the repair using steps 14 through 24 in section 6.6.1.

6.6.3 HONEYCOMB CORE PLUG REPAIR. FLUSH ONE SURFACE

The sketch of the repair is shown in figure 6-30. Instructions for accomplishing the repair are as
follows:

1. AppllIymasking tape around the damaged area to prevent further damage during rework and to
contain cleaning chemicals. Use aluminum foil or polyester tape for aluminum and lead foil or
polyester tape for titanium.

2. Using an ink pencil, draw coordinates which, if extended, would pass through the center of the
damaged area (see flgure,6-31 ).

Core plug ~ - Outer patch pktte

co

-.,

.

..

.

~Adhesive film

figure~(X?O.-’&hematic of Repair, FfLIsh One Side, for Hole Through Both Sandwich Skins

.
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.

Figure 6-3 l.-&vity Cieaned for Installation of Honeywmb Core Plug Repair Details

3. Determine if a hole saw or router is more suitable and remove the damaged material. For
instructions on the use of a router or hole saw, refer to section 8.1.1 or 8.1.2.

4. Use a 320-grit aluminum oxide abrasive disk attached to an air motor to remove the remaining
honeycomb core and loose adhesive from the inner side of the sandwich skin. See figure 6-31.

NOTE: DO NOT SAND THROUGH the adhesive on the inner
side of the skin. If it is necessary to remove the adhesive
(for example because of corrosion) it will be necessary
to reprepare the surface prior to bonding as instructed
in section 5.0.

5. Use air pressure or vacuum to remove dust or debris from the repair area. Inspect for internal
corrosion or moisture.

Nix-E: If moisture or comosion is present, its extent must be
determined and it must be removed. If the repair area
is contaminated with fuel or hydraubc fluid, use kfEK
or other suitable solvent and a brush to clean. Be sure
the area is dry and free of contamination before pro-
teed-ing with the repair.

6. Fabricate the skin plug and patch plates:

a. Patch piates are required for both the outer and inner skins. and a skin phg is required for
the flush surface (see fg 630). Select the material to be the same as the sandwich face
material that is being patched. The izage should ~ tie same ~ that of the original face
material.

649
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h. \lark On(i cut the ski,n pIUg Und the two patch plates. The skin plug should fit snuggly in
the smali hole to give u tlush surface; The smaller of the two patch plates should be
slightly smaller than the large hole in the sandwich. The larger outer patch plate should
be the diameter of the larger hole plus an allowance for overlap. The overlap should be a
minimum of 1.0 inch or as specified by the responsible maintenance engineer.

c. If the thickness of the outer patch plate exceeds 0.025 inch, bevel one side as shown in
figure 6-32. Add coordinate lines for positioning.

Coordinate lines

b

Patch

r
plate

\ L
J

\ 1
/ ~*~*+0.00!5in ~=~’

0.010 in:

- 8eveied edge Bevel Detail

Figure 6-32. – Derail of Beveled Patch Plate and Coordinate Lines

7. Fabricate the core plug:

a. Cut and fit a core plug. Select the core density, cell size, and alloy to be the same as that
used in the original construction. Instructions for cutting the &re details are given in
section 6. 1.?.

b. Trim the edges of the plug to a loose fit in the routed cavity. PIace the smaller of the two
splice plates at the bottom of the cavity. Insert the core and trim the surface to be flush
with the outer surface of the skin.

c. Carefully remove the trimmed core plug from the machined cavity.

d. Clean the core plug per section 5.2.

.-

. .

● Use tnchloroethane or other suitable solvent for aluminum core.
..

● Use caution while cleaning the core plug.

● Heat the core plug in an oven at 150°F maximum.
. . .

6MI
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.

8.

9.

10.

11.

12.

CAUTION: Clean White Cotton Lintless Gloves Shall be worn
When Handling Clean Detaiis or Adhesive.

Prepare the adhesive:

a. Select the appropriate primer and adhesive film per section 4.2. Observe precautionary
notes when removing refrigemted material from storage (sec. 1.2.5). Do not touch the
~dhesive with bare hands.

b. Cut two disks of adhesive to the same size as the inner patch plate. Also cut one disk of
adhesive the same size as the large patch plate.

Clean the repair cavity area usin~ cheesecloth dampened with solvent. Do not use excess solvent.
Air dry the area for a minimum of 15 minutes at room temperature.

Prepare the surfaces of the skin plug and the inner patch plate for bonding per instructions in
section 5.3 or 5.4.

WARNING: DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLUTIONS TO COME IN CONTACT WITH
SKIN OR CLOTHING. lN CASE OF ACCIDENTAL
CONTA~. iMMEDIATELY WASH OFF WCTH
GENEROUS AMOUNTS OF CLEAN WATER

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND CLEANING SOLUTIONS.

CAUTION: Once the Cteaniqg Procedure Starts, DO NOT
TOUCH Wkh Bare Hands or Contaminate hy
Surface to Be Filled, Coated, or Bonded.

DO NOT Allow the Solution to Enter the &sembIy
or Contact the Previously Cuted Adhesive.

Obsme Requirements for a Clean Environment.

Apply an adhesive-compatible primer to the surfaces of the inner patch plate and skin plug

See section 4.1.1 for primer selection and section 4.3. I for application instructions. Air dry
or bake primer per instructions.

Assemble the details for the initial cure ~ycle. Figure 6-33 shows an exploded view of the
assembly components for the initial cure cycle.

a- Position panel with the small hole on the bottom side. Place the skin plug in the hole.
Cover with one of the smaller previously prepared disks of adhesive. Be sure to remove
the separator film. Place the inner patch plate over the adhesive and then cover with
a second adhesive disk (see fg 6-34). Secure the skin plug in position on the outer surface
with nylon or polyester film tape.
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Un Core plug
Inner patch piate

\
d

1’ I

Repair
component ~>A,,~~ivefil~~i~~

Y Flush surfaceskin
piug

Figure &33. -Sbhemistic of Repair Details for initial Cure Cycle

surface
L Skin plug

Figure 6-34.-Positioning Doubler and Skin Plug .

6-52



~L-HDBK-337 1 December 1382

b. Obtain the core splice adhesive from storage. See section 4.2 for material selection and
processing instructions. Observe precautiona~ notes when removing refrigerated material
from stomge (sec. 1.2.5).

c. Position a layer of core splice adhesive mound the edge of the cavity (see fig. 6-35).

.

.

Figure &35.-Strip of Foaming Core-Splice Adhesive Around Edge of Grvity

d. Carefully insert the core plug into the cavity. Orient the ribbon direction of the plug foils
to be the same as that of the core in the sandwich. Take care not to push the adhesive
down the side of the cavity when the core is i.nsefied. Fill any voids with extra core splice
adhesive.

e. Place a layer of release film over the end of the core plug. Cover with the outer patch
plate to act as a cad plate. Secure in place with plastic fti tape.

f. Similarly place a layer of release fti and a plate over the flush skin plug on the opposite
face. Tape in place.

g- Locate a minimum of three thermocouples around the patch.

13. Using the standard bonding procedure descxibed in section 7.11, vacuum bag the repair area and
cure per instructions in section 4.2.

NOTE : For ~Hce of a quality bond, heat must be applied
to both surfaces of the sandwich when the assembly is
thicker than 1/2 inch.
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14.

15.

16.

17.

18.

19.

After the cure has been completed, debag the assembly.

WARNING: WEAR HEAT insulating GLOVES WHEN
HANDLING HOT TOOLS OR PARTS.

Ins:pect the core plug for a homogeneous bond. If voids appear in the bondline. fill with addi-
tional core splice adhesive foam. Cure at the recommended temperature using heat lamps. See
the applicable aircraft T.O. for limitations and precautions.

Sand the core surface flush with the skin surface. Remove the sanding debris with clean dry
compressed air or vacuum.

Wipe the surface of the core plug with cheesecloth moistened with cleaning solvent (refer to

sec. 5.2)-

Dry to remove all tmce of solvent. Mask the core plug surface to prevent contamination during
preparation of the skin surface for bonding the patch plate. Use aluminum foil or polyester tape
for ahunirmm skins and lead foil or polyester tape for titanium. Overlap the k]n edges by
approximately 0.060 inch. Siiilarly mask around the cut-out leaving the area clear that will be
cleaned for bonding the patch plate. See figure 6-36.

Chemically prepare the skin surface and the surfaces of the patch plate for bonding per
instructions in section 5.3 or 5.4. Observe notes regarding cleanliness and safety as noted
previously in step 10.

,W3skingtape

t 0.020 in. tape overlap

.

. .

.

.

. . .. .

Figure G=. +@cation ‘of Masking Tape Prior to Surface Claiming
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After the surface preparation is complete. apply the appropriate adhesive primer per section
4.3.1. Should the primer or adhesive application be delayed for more than 30 minutes. cover
with clean wax-free Kraft paper.

Apply adhesive and install the patch plates as follows:

a. Remove the separator fdm from the previously prepared adhesive disk. Remove the masking
tape covering the core plug and that masking the surrounding area.

b. Apply the adhesive disk and the patch plate (beveled side up) over the cut~ut area Use
the coordinate lines for alignment.

c. Secure the patch plate with nylon or polyester film tape.

Prepare the repair for bonding as described in section 7.11.

NOTE: For assurance of a quality bond, heat must be applied
to BOTH surfaces of the sandwich when the assembly
is thicker than 1/2 inch.

Bond the repair per requirements for the selected adhesive system in section 4.2.

Remove bonding equipment after the cure cycle is complete.

WARNTNG: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT PARTS OR EQUIPMENT.

Remove excess adhesive flash (sec. 7.12).

Seal around edge of patch plate with sealing compound (refer to sec. 4.2 and 4.3.6).

Apply ftih per section 4.3.7 and applicable aircraft T.O.

6.7 PANEL ZEE EDGE CLOSE4XJT’ DAMAGE

These methods apply to the repair of panel edge closure members that are fabricated from either
metal or fiberglass cloth and are a 45° or 90° conf~tion. Typical damage of this type is shown
in f~re &37.

When the extent of damage is beyond the scope of the smaIl area repairs. the repairs will be made per
the large area repair techniques outlined in section 7.0. Nondestmctive inspection procedures to
determine the damage extent are described in section 10.0.

The edge of a panel is typically a metal Iamimte that fits against some internal member. This is
usually the structural member to which the panel is mechanically attached. In such a case, it is
desirable to maintain the intemal thickness level and the patch must be added on the external side of
the panel.
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Figure 6-37. - Typical Edge Clos*Out Damage

L December 1982

.

During the repair procedures, give special attention to the following safety and operating precautions.

WARNING: OBSERVE SM’ETY PRECAUTIONS DESIGNATED
IN SECITON 1.3.

DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLI.TEIONS TO COME IN. CONTACT WITH
SKIN OR CLOTHING. IN CASE OF ACCI-
DENTAL CONTACT, IMMEDIATELY WASH
OFF WITH GENEROUS AMOUNTS OF CLEAN
WATER.

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER. GLOVES WHEN HANDLING
ACIDS AND CLEANING SOLUTIONS.

IF THE REPAIR IS IN A FUEL TANK AREA
THE FUEL TANK PRESSURE SHALL BE
RELIEVED PRIOR TO STARTING THE REPAIR.
OBSERVE OTHER PRECAUTIONARY
PROCEDURES AS DESIGNATED BY THE
SAFETY OFFICER.

.
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The following tist identifies the assorted materials and miscellaneous equipment that are required to
repair typical edge closure damage on honeycomb sandwich panel assemblies. Refer to section 4.2
for specific materials identification. Refer to section 8.0 for more detailed information concerning
tools and equipment.

Materials

Adhesive, core splice foam
Adhesive, film
Adhesive, paste
Aluminum honeycomb core
Aluminum sheet
Cheesecloth, bkachecl, 4-ply pads
Chromate conversion coating
Cleaner, alkaline
Cloth, bleeder
Cloth, fiberglass, 181 fabric
Clo@ rumple, purified polishing fabric
Film, release
Film, vacuum bagging
Paint, finish
Paper, wrapping, wax-free
Phenoiic sheeh O.125-inctI
Potting compound, core and dent filler
Primer, adhesive
Primer, sealant, aerodynamic smoother
Putty, vacuum seal
Sealant, aerodynamic smoother
Solution, surface preparation
SOlvenL nonchlorinated (for titanium)
Solvent, cleaning
Tape, aluminum foil 0.004 (for aluminum)
Tape, doubl-backed
Tape, lead foil (for titanium)
Tape, masking, hi-temp
Tape, plastic film, nylon
Titanium, sheet
Water, distilled or demineralized

Took or Equipment

Abrasive pads, nonwoven, nylon
Abrasive cloth or paper, wet or dry, 180,220, 320, and 400 grit, aluminum oxide
Aspirator. vacuum
Air supply, 90 to 200 psi (w/pressure regulator, fflter, and oil trap)
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Blanket, insulation
Blanket, heater, electric
Brusti, acid, 3/8-by 1-inch
Brush, paint, short bristle, 1-1/2-inch
Clamps, C-type
Containers, mixing, polyethylene
Controller, electrical, Variac or power stat, adjustable, ac
Drill motor, pneumatic or electric (expiotionproof in fuel areas)
Emery cloth, 150, 320, and 400 grit, aluminum oxide (for titanium)
Fillet gun, sealant
Gage, air pressure, 100 psi
Gage, vacuum, 32 in. Hg
Gloves, heat insulating
Gloves, white, cotton fiber
Gloves, rubber or neoprene, surgeons’
Heat lamps, 200 to 350 watt (explosionproof)
Hose, vacuum w/fittings
Knife, am cutting
Knife, putty
tilfe, pocket
Micrometer, depth
h&CrO stop, drill
Pen, ink marking
Power supply, 115 volt, 60 cycle, ac
Pressure plate, 0.125- and 0.2S@inch aluminum
Probes, vacuum, connector
pyrometer, 0° to 400° F, automatic reccrding
Router bits, assorted ties
Router motor, pneumatic or electric (explosionproof for fuel areas)
Router templates
Safety glasses or shield
Saw, reciprocating, pneumatic or electric (explosionproof for fuel areas)
Scribe
Spatula, wood or metal
Tim sn@s, metal cutting
Vacuum, cleaner, industrial or hand-type
Vacuum source
Wire, thermocouple, type J or equivalent

.*

. .

.

.
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6.7.1 EDGE CLOSURE REPAIR PROCEDURE

This repair method is applicable to the type of panel edge treatment shown in figure 6-38. The
doubler against the exterior skin may be bonded. machined. or have a them-milled step. In either of
the latter cases. an equivalent build-up of the area with bonded doublers for the repair is usually
expedient and adequate.

#iorwy~b
core

skin
Figure G38.- Typical Edge Close-Out

The steps for the repair of this type edge configuration are as follows:

1.

9-.

3.

4.

Inspect the damaged area closely to determine the damage boundary. Damage assessment
methods are discussed in section 2.0.

Lay out a cutting pattern for the area where the damaged material is to be removed. The
material removal pattern and the general repair sequence is shown in figure 639.

Remove material to a minimum of 0.250 inch beyond the edge of the damage to ensure that
all the damage has been included. Allowances should be made for adequate splice overlap%
This should be a minimum of 1.0 inch or as specified by the responsible maintenance engineer.

If a standard size router template is not available and it is necessary to fabricate special templates
(see instructions outlined in sec. 8.1.1)-

Position the router template on the pane! and hold in place with double-backed tape as shown
m figurt 640.

NOTE: C-clamps may be used at the panel laminated outer
edge. Protect the aluminum sutface by inserting an
aluminum strip between the C+lamp anvil and the
panel surface.
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a. Damaged Panel Edge

1 December 1982

c. Remove Damageon
Exterior Side

4?ZA

&
%

d. ExPIoded View Of
Repair Details

Figure 6-39.-E@e Repair With External Non flush Patch Plate
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●

.

Template sizing
(noted in section 8.1.1)

Figun? 6-40. -Application of Router Template to Rewir Area

5. Using a suitable elecrnc or air-operated routing tool and cutter, remove the material from the
damaged area. Necessary precautions should be taken to avoid extending the darnage during
this operation. This is especially a problem when the panel is bonded with a high temperature
adhesive system that has low delamination resistance. Do not remove the previously cured
adhesive from the metal surface. The adhesive, if it has not been damaged by moisture,
provides an excellent surface for bonding the replacement material.

WARNING: WEAR AN EYE PROTECTION DEVICE DURING
ANY METAL CUITING OR ROUTING
OPERATION.

6. Remove the routing tool and prepare the router template for rework for next router cut.
Figge 641 shows the finished primary cutout.

7. Reposition the reworked router template, centering it over the primary cutout (see fig. Mz).
Hold in place with double-backed tape and C clamps- Obsenfe the note for eye protection-

8. Reset the router bit to the outer skin thickness to cut the skin only-DO NOT cut into edge
doubler.
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Figure 6-41. -Primary Router Cut to Remove Damage

1 December 1982

●

.

Figur@6-42. -Secondary Router Cut to Remove Outer Skin
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9. Reposition the router motor on the template. follow the pattern. and cut through the outer
skin. Remove skin (see note).

NOTE : It may be necessary to lower the adhesive peel strength
by application of carbon dioxide (dry ice).

10. Fabricate two pieces of 1/8- x l-inch aluminum strips to act as spacers and locate them next
to the router edge. See figure 643. Use double-backed tape to hold the spacers in position.

.

11.

1~.

13.

14.

1/8- by l-in. atuminum

Route skh opening
expose core surface

J

% Expclseddoubtels
to be removed

Figun? 643. -tiyout for Router Removal of Ed~ Doublers

Reset the router depth to the skin-plusdoubler thickness. Setting the router bit next to the
spacers, route a cut through the doubler width in two places.

Remove the routing tool and template.

Using a thin blade puny knife. remove the two short ends of the edge doubler, exposing the
skin surface. When core material is removed, leave the two smtdl tips under the remaining edge
doubler (see fug. 6-44).

Use a 220 and 3X3-grit aluminum oxide. mechanical-locking sanding disk and an air motor to
remove the remaining hone ycomb core and loose adhesive from the inner side of the sandwich
skins. Smooth the metal surfaces having residuaI adhesive with fine abrasive paper (400-grit,
wet or dry. aluminum oxide) or nylon abrasive pads.

643
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Figure 6-44. -Dama@? Removed and Area Ready for Prefit of Repair Derails

NOTE: DO NOT SAND THROUGH the adhesive on the inner
side of the skin. If it is necessary to remove the
adhesive, for example because of corrosion, it will be
necessary to reprepare the surface prior to bonding
as instructed in section 5.0.

15. Use air pressure or vacuum to remove dust or debris from the repair area. Inspect for internal
corrc~sion or moisture.

NOTE : IF MOISTURE OF. CORROSION IS PRESENT,
ITS EXTENT MUST BE DETERMINED AND IT
MUST BE REMOVED.

IF THE REPAIR AREA IS CONTAMINATED WITH
FUEL OR HYDRAULIC FLUID, USE MEK OR
ANOTHER SUITABLE SOLVENT AND A BRUSH TO
CLEAN. BE SURE THE AREA IS FREE OF CON-
TAMINATION AND DRY BEFORE PROCEEDING
WITH THE REPA:iR.

16. Fabxicate the patch plates:

a. Select the material to be the sa]me as the sandwich face and doubler material that is being
replaced. The gage of each detail should be equivalent to the gage of the piece that is being
patched or spliced.

.

.

&64



.

.

.

.

~L-HDBK-337 1 Decembez L382

b. Cut the patch or splice details to be of sufficient size to allow for adequate splice overiap.
This should be a minimum of 1.0 inch or as specified in the applicable aircraft T.O. Form
patch plates to the necessary contour as required.

c. If the nonflush patch plate on the panel interior or exterior exceeds 0.025 inch in tNckness.
bevel the edge of one side as shown in figure 645.

r-t

17.

18.

19.

20.

Figure 6-45. -Beveled Ed~ of Patch Plate

Fabricate the core plug:

a. Select the core density, cell size, and alloy to be the same as that used in the original
construction. Alumrnum honeycomb core shall be a corrosion-resistant nonperforated
type. Instructions for cutting the core details are given in section 6.1.2.

b. Cut the core details with the ribbon direction oriented in the same direction as the core
in the paneL Trim the edges of the core to fit loosely in the core cavity.

Assemble the details and check for proper fit.

Clean the core details per section 5.2.
. .

● Use trichloroetharte or another suitable solvent for aluminum core.

● Use caution while handling the core plug.

● Dry in an oven at 150° F maximum.

CAUTION: (km White Cotton Lintkss Gloves ShaIl Be worn
When Handling (km Detaib or Adhesive-

Prepare the adhesive:

a. Select the appropriate adhesive film per section 4.2. Observe precautionary notes when
removing refngeratd material from storage (sec. 1.2.5). Do not touch the. adhesive with
bare hands
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I b. Cut the required zdhesive patches to size. The metal patch details may be used as cutting
templates.

I
21. Cle,an the repair cavity using cheesecloth dampened with solvent. Do not use excess solvent.

Air dry the area for a minimum of 15 minutes at room temperature.

I
22. Bec:luse of the number of details involved in this repair, it is recommended that the bond be

accc}mplished in two stages. The first stage involves bonding of the bottom metal details and
the core. The interior of the repair can then be inspected and the core surface sanded flush
befc~re bonding the final cover patches. The details to be bonded in the first stage cure are
shown in figure ,6-39.

a.

I
b.

c.

d.

Identify the bare metal surfaces on the component that will be adhesively bonded during
the first bond cycle. Use polyester or a~uminum foil tape for aluminum or lead foil or
polyester tape for titanium to mask around these areas. Take special care in masking all
existing adhesive bondlines and the core area to prevent contamination from the surface
preparation solutions or gels.

WARNING: DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLUTIC)NS TO COME IN CONTACT WITH
SKIN OR CLOTHING. IN CASE OF ACCIDENTAL
CONTACT, IMMEDIATELY WASH OFF WITH
GENEROUS AMOUNTS OF CLEAN WATER.

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND !30LUTIONS.

CAUTION: Once the cleaning Procedure Starts, DO NOT Touch
With Bare I-1andsor Contaminate Any Surface to Be
FNed, Coated, or Bonded.

DO NOT Allow the Surface Preparation Solution
to Enter the Assembly or Contact Any Previously
Cured Adhesive.

Observe Requirements for a Clean Environment.

Prepare the bond surfaces of the panel and the sheet metal details per instruction in
section 5.0.

Rinse the surfaces thoroughly with clean water. Litmus paper should be used to ensure
that all trace of acid has been removed. Air dry the surface.

Remove masking tape.

.

●

✎
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.

.

Apply an adhesive-compatible primer to the bond surfaces. See section 4.2 for primer
selection and section 4.3.1 for application instructions. Air dv or bake the primer as instructed.

Assemble tht details for the initial cure cycle. Figure 6-39 shows an exploded view of the
repair ddtails.

3.

b.

c.

d.

e.

Obtain the previously cut adhesive film pieces from storagt. Obswe precautionary notes
re~rdin~ ~ondi[ioning of refrigerated materials. (sec. l.~.j).

Axemtde the lower metal details with interleaving adhesive !Ilm.

Obtain the core splice adhesive from storage. See section 4.2 for material selection and
section 4.3 for processing instructions.

Position a layer of core splice adhesive a.@.nst the edge of the existing core.

Fit the nontapered piece of core in place. Position a layer of core splict adhesive against
its exposed edge. Position the second piece of core in place.

The assembIy- should now be ready for the fmt stage cure.

Place a layer of rele= film over the pa. The metal details that are not being bonded in the
first stage cure may be used as caul plates to hold the assembly in position. Using the standard
bonding procedure described in section 7.11.1, vacuum bag the repair area and cure per
requirements in table 4-3.

26. After the cure has been completed. deba~ the assembly.

WARNING: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT TOOLS OR PARTS.

27. inspect the core edges for a homogeneous bond. If voids appear in the bondline, fill with
additional core splice foam adhesive. This may be cured at the recommended temperature
using heat lamps.

~8. ~d the core su~ace fl~ wi~ the sk~ surface. Remove the -ding debris with clean dry

compressed air or vacuum.

29. Wipe the surface of the core with cheesecloth moistened with cleaning solvent (refer to

section 5.2. DIY to remove all trace of solvent.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mask the core und bondlines to prevent contamination during preparation of the skin surface
for bonding the cover plates. Use polyest<r or aluminum foil tape for aluminum or polyester
or leod foil tape for titanium. The skin edges may be overlapped by 0.060 ~ 0.020 inch in the
area adjacent to the core. Refer to figure 6-36.

Chemically prepare the skin surfiace and the surfaces of the cover patch plates for bonding per
instructions in section 5.3. Observe notes regarding cleanliness and safety as noted previously
in step 22.

After the surface preparation is comp!,ete. apply the appropriate adhesive primer per section
4.3.1.

Apply adhesive per section 4.3.2 and install the cover patch plates as follows:

a. iRemove the previously cut pieces of adhesive film from storage. Observe precautionary
notes regarding conditioning of refrigerated material (sec. 1.2.5).

b. IRemove the separator film from the adhesive and apply adhesive and cover plates.

c. Secure the cover plates in positicm with polyester or nylon film tape.

d. ILocate and secure a minimum of these thermocouples around the repair area.

Prepare the repair for bonding in accordance with section 7.11.

Cure the repair assembiy per requirements for the selected adhesive system in section 4.2.

Remcwe the bonding equipment after the cure cycle is complete.

lW-ARN~G: WEAR HEAT insulating GLOVES WHEN
HANDLING HOT PARTS OR EQUIPMENT.

Remove excess adhesive flash per section 7.12.

Inspect the panel per section 10. to ensure that the repair quality is adequate.

Seal mound the edge of the cover plates with sealing compound (refer to sec. 4.3.6).

Apply finish per section 4.3.7 and applicable aircraft T.O.
.

.
.
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6.8 WEDGE SEmION TRAILIIWEDGE DAMAGE

These methods apply to the repair of wedge-shaped sandwich construction that is typical at the trailing
edges of wing or empennages truct ure. The repairs are for relatively minor damage and are subject to
size and weight restrictions imposed by the specific aircraft model’s technical orders. Special care
should be taken to define the damage boundaW. Damage assessment procedures are covered in section
2.0 and nondestructive inspection methods in section 10.0. When the extent of damu=e is beyond the
scope of the small area repair. repair or rebuilding shall be per the techniques outlined in section 7.0.

Repair procedures are presented for three design configurations. These are ( 1) arrowhead cIos=ut,

(~) ~mbated edge clo=out. and (3) the Wraparound skin close-out. The procedures are for alumi-
num or titanium assemblies. Refer to the applicable aircraft T.O. for repair of fiberglass components.

During the repair activity, give special attention to the following items:

WARNING: OBSERVE ALL LOCAL SAFETY PRECAUTIONS
AND THOSE DESIGNATED ENSECI’ION 1.3.

DO NOT ALLOW CONCENTRATED MIXTWUS
OR SOLUTIONS TO COME lN CONTACT
WITH SKIN OR CLOTHING. IN CASE OF
ACCIDENTAL CONTA~, IMMEDIATELY
WASH OFF WfIT? GENEROUS AMOUNTS OF
CLEAN WATER.

ALWAYS WEAR EYE PROTECTION DMCES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND CLEANING SOLUTIONS.

IF THE REPAIR IS IN AFUELTANKARE&
THE FUEL TANK PRESSURE SHALL BE
RELIEVED PRfOR TO STARTING REPAIR.
OBSERVE OTHER PRECAUTIONARY
PROCEDURES AS DESIGNATED BY THE
SAFETY OFFK’ER.

CAUTION: once the Cleaning Procedure Starts, DO NOT TOUCH
or Contaminate Any Surface to Be Ftied, Coated,
or Bonded.

DO NOT Allow Solutions to Enter the Assembly
or Contact the Previously Cured Adhesive.

Obseme Requirements for a Clean Environmerk
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The foIlowing iists identify the assorted expendable materials and miscellaneous equipment that are
required to repair voriou$ types of waiiin: edge damage. Refer to sections 4.0 and 5.0, respectively,
for sp~cific materials identification and surface preparation procedures. Refer to section 8.0 for more
detailed information concerning tools and equipmtmt.

IUateriia]s

Adhesive, core splice foam
Adhesive. film
Adhesive paste
Aluminum honeycomb core
Aluminum sheet
Cheesecloth, bleached, 4-PIY pads
Chromate conversion coating
Cleaner, alkaline
Cloth, bleeder
Cloth, rumple, purified poIishirtg fabric
Film, release
Film, vacuum bagging
Paint, finish
Paper, wrapping, wax-free
Phenolic sheet, O.125-inch
Potting compound, core and dent filler
Primer, adhesive
Primer, sealant, aerodynamic smoother
Putty, vacuum seal
Sealant, aerodynamic smoother
Solution, surface preparation
Solvent, nonchlorinated (for titanium)
SoIvent, cleaning
Tape, aluminum foil 0.004 (for aluminum)
Tape, cloubie-backed
Tape, lead foil (for titanium)
Tape, masking, hi-temp
Tape, pIastic film, nylon
Titanium, sheet
Water, distilled or demineralized

Took amequipment

Abrasive pads, nonwoven, nylon
Abrasive cloth or paper, wet or dry, 180,220,320, and 400 grit, aluminum oxide
Aspirator, vacuum
Ah supply, 90 to 100 psi (w/pressure regulator, filter, and oil trap)
Blanket, insulation
Blanket, heater. electric

6-70

..

.



.

l!lI&lxDBK-337

Brush, acid, 318- by 1-inch
Brush, paint, short bristle, 1-1/2-inch

Clamps, C-type
Containers, mixing. polyethylene
Controller, electrical, Variac or power staL adjustable, ac
DrilI motor, pneumatic or electric (explosionproof in fuel areas)
Emery cloth, 150,320, and 400 grit, aluminum oxide (for titanium)
Fillet gun, s&iant
Gage, air prsure, 100 psi
Gage, vacuum, 32 in. Hg
G]oves, heat insulating
Gloves, white cotton fiber
Gloves, robber or neoprene, surgeons’
H=t lamps, 200 to 350 watt (exphsionproof)
Hole saw assembly
Hose, vacuum w/fittings
Knife, core cutting
Knife, putty
Knife, pocket
Micrometer, depth
Micro stop, drill
Pe% ink marking
Power supply, 115 volt, 60 cycle, ac
Pressure plate, 0.125- and 0.25(Mnch aluminum
Proh vacuum, comector
Pyrometer, 0° to 400° F, automatic recording
Router bits, assotied sizes
Router motor, pneumatic or electric (explosionproof fOr fuel areas)
Router templates
Safety glasses or shield
Saw, reciprocating pneumatic or electric (explosionproof for fiel areas)
scribe
Spatula, wood or metal
T3msni~ metal cutting
Vacuum cleaner, industrial or hand-type
Vacuum source
Wm, thermocouple, type J or quivalent

6.8.1 ARROWHEAD TRAILING-EDGE REPAIR

The method outlined below covers minor repairs to tiling-edge structure having an arrowhead-type
c30seouL Typical damage of this type is shown in f- 6-46.

The repair steps are as foUows:

1. Apply masking around the repair area to prevent further damage during rework and to contain
surface preparation chemicals. Use aluminum foil or polyester tape for aluminum and lead
foil or polyester tape for titanium.
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2.

3.

4.
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Figure 6-46. – Typical Dan7~ to Arrowhead-Type Tmiling-Edge CJose-(3ut

Define the boundary of the damaged area. Layout a reguiar-shaped cutting pattern that extends
a minimum of 0.25 inch beyond the damage edge. See figure 6-47.

Removal of the damaged area may be facilitated by the use of a router template. If a standard
template is not available, fabricate a template from O.125-inch-thick phenolic or aluminum
sheet as instructed in section 8.1.1.

Attach the router template over, the damaged area with doubie-backed tape. Allow for the set-
back distance required for the router collar.
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5. Using the router per instructions in section 8.1.1. set the router tit to the skin depth and remove
the section of damaged skin.

CAUTION : Care Must Be Taken While Removing the
Damaged Material to Prevent Skin Dekimination
In the Adjacent Area.

6. Remove the template and attach it to the opposite side of the panel. Repeat the previoti opera-
tion to remove the opposing skin section.

7. Using a reciprocating saw or other suitable cutting device, remove the damaged section of the
arrowhead. See figure 6-48.

Figu~ 6-4& -Trailing Ed~ With Oatna@ Area R~ov&

NOTE: Padded wedge blocks and C-clamps may be used to
apply pressure to the skin adjacent to the cut-out area
to prevent delamination. Cam must be taken to prevent
darnage to the sandwich core from excess clamping
pressure.

8. Remove the core from the cut+ut area with a core+mtting knife.

NOTE: Steps S, 6, 7, and 8 can be completed in one operation
by using a hand-held router and extended router bit
per instructions in section 8.1.

9. Using the reciprocating saw (or alternate device), cut notches in the edges of the arrowhead
fitting. These should be approximately 0.50 inch deep by 0.25 inch wide and 5° off the fo-
and-aft cut line. See figure 649.

I

I
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Figure 6-49. -Notches Cut in Arrowhead Fitting to Receive Replacement Pafl

10. Use air pressure or a vacuum cleaning device to remove metal chips and debris from the cut-out
area. Wear eye protective goggles or a face shield. Inspect for evidence of internal corrosion or
moisture-

NOTE : If moisture or corrosion is present, its extent must be
determined and it must be removed.

11. Fabricate the repair details. A schematic of the details is shown in figure 6-50. Note that the
arrowhead replacement insert does not have the undercuts for the skin.

a. Select the material for the patch pktes to be the same gage, alloy, and temper as that being
repaired.

b. Lay out and cut the two patch plates. The plates must be of suffkient size to allow for a
minimum overlap of 1.0 inch or as specified in the applicable aircraft T.O.

c. If the thickness of the patch plates exceeds 0.025 inch, bevel the edge of one side per the
sketch.

.

&74



MZL-ESDBK-337 1 Decezrtbe: 382

r-t

.

12.

13.

14.

15.

16.

17.

L ~A
()~z()+().t)t)s in. r~.l,t. ~

-0.010 in.

BevelDetail Sketch

Fabricate the core plug. Select the core density. cell size. and alloy to be the same as that used
in the original construction. Aluminum hope ycomb shall be a corrosion-resktm t non perforated

Wpe.

a. Instructions for cutting the core detaik are given in section 6.1.2. Cut the core details
with the foil ribbon direction oriented in the same direction as the core in the paneL The
core depth should be such that the core surface is flush with the outer surface of the
component skin. Trim the edges of the core to fit loosely in the core cavity.

NOTE: Use care in handling the core plug to prevent damage.

Fabricate the arrowhead replacement insert. Machinea replacement section from a suitable
extrusion or bar stock. Match the 5° angle that was cut in the component arrowhead to produce
a net fit.

Assemble the details and make alterations as required to obtain proper fit.

Remove the organic finish around the cavity on both surfaces using 22@ to 320-grit aluminum
oxide paper or emery cloth. Polish with nylon abrasNe pads.

Clean the repair cavity using cheesecloth dampened with solvent. Do not use excess solvent.

CAUTION : If the Repair Area is Contaminated With Fuel
or Hydraulic Fluid. Use 31EK or Other Suitable
Solvent and a Brush to Clean. Be Sure the .Ama
is Free of Contamination and Dry Before Pm
ceding WMt the Repair.

Air dry the area for a minimum of 15 minutes at room temperature.

CAUTION: Cam Should Be Taken Not to Touch the Cleaned
- Except with White Lin tiess Cotton Glovs

Identify the bare metal surfaces on each side of the component that will be adhesively bonded
duting the repair. Use aluminum foil tape{ lead foil for titanium) to mask around these areas.
as shown in figure 651. Take special precautions to protect the bondlines and the core area
to prevent contamination from the cleaning solutions or gek Edges of the cavity and the bond-
Iines may be overlapped 0.060 inch by the tape as illustrated in the figure.
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Upper patch
plate

18.

19.

6-76

Figure 6-60. -Schematic of Repair for Arrowhead-Typ TrailingEdW Damage

Prepare the bond surfaces of the component, the sheet metal patch plates, and the arrowhead
replacement part as instructed in section 5.0. Rinse the surfaces thoroughly with clean water.
Litmus paper should be used to ensure that all acid has been removed. Air dry the surface.

Clean the core detail per section 5.2.

● LJsetrichloroethane or other suitable solvents for aluminum core.

● ~Jse cauticn while handling the core phxg.

Q Dry in an oven at 150°F.
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Masking tape

* the corearea

~ Gtiver the bon$line
with I/&in. wide
strip of tape

Figure S5?. -Appliwtion of Masking Tape Prior to Surface Cleaning

20. %epare the adhesive:

a. Select the appropriate adhesive fdm and core splice adhesive per section 4.2. Observe pre
cautionary notes when removing refrigerated material from storage (see 1.2.5). Do not
touch the adhesive with bare hands

b. Cut the required adhesive film patches to size. The metal patch plates maybe used as
cut ting templates.

21. Remove masking tape from the repair area.

22. Apply an adhesive-compatible primer to the bond surfaces See section 4.2 for the primer
selection and section 4.3.1 for application instmctions. Air dry or bake the primer as instructed-

z3. ~emb]e the repair details for bonding:

a. Obtain the core splice adhesive from storage. See section 4.2 for material selection.
Obseme precautions concerning preconditioning of refrigerated materials prior to
opening (sec. 1.2.5).

b. Position a strip of core splice adhesive against the edge of the existing core.
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c. Fi( the tapered piece of core in place. Position a piece of core splice adhesive against the
~CI:eof the core p)u: to mate \vitt-i the machined tip section.

(i. Place pieces of tape adhesive againsT the ends of the arrowhead fitting and press the
machined tip section into ploce. See tlgure 6-52.

NOTE: The machined tip section may be heat tacked in place
using a hot air gun. DO NOT overheat the adhesive.

around

.

‘?4-.

Figure 6-52 -Assembly” With Core Plug and Tip Fitting in Pla~

e. Install the previously cut adhesive fiIm patches and the two metal splice plates. Take special
care not to touch the especially prepared bond surfaces. Secure the patch plates in place
with nyion tape. The assembly should now be ready for cure.

Prepare the assembly for bonding in accordance with section 7.11.

NOTE : Special precautions must be taken to prevent crushing
of wedge sections during cure. Use support blocks
and caul plates as clescribed in section 9.0.

Cure the repair assembly per requirements for the selected adhesive system as noted in section 4.2.

Remove the bonding equipment after the cure cycle is complete.

.

.

WARNING: WEAR HEAT INSULATING GLOVES WHEN ‘-”
HANDLING HOT PARTS OR EQUIPMENT.
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28.

Remove excess adhesive flash (sec. 7. 12).

Nondestmctively inspect the component per instructions in section 10.0 to ensure that the
repair quality is satisfactory.

Seal around the edges of the cover plates with sealing compound (refer to sec. 4.2 and 4.3.6).

Apply finish per section 4.3.7 and the applicable aircraft T.O. The completed repair is’shown in
figure 6-53.

F@ure G53-Cbmplen?d Re~ir of Arrowhea&Typ Tmiling E@e

6.8.2 LAMINATED ~LINCEDGE CLOSEOUT REPAIR

This method covers the repair of minor damage of the type shown in f@re 654. The edge closure
design is laminated metal. The method provides for either a flush repair on one surface or a repair
with two nonflush patch plates.

●

The repair steps are as follows:

1. Apply masking tape around the repair area to prevent further damage during rework and to
contain surface preparation chemicals. Use aluminum foil or polyester tape for aluminum and
lead foil or polyester tape for titanium.

7-. Defiie the boundary of the damaged area. Lay out a regular-shaped cutting pattern that
extends a minimum of 0.25 inch beyond the damage edge. See figure 6-55.

6-79
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.-

Figure 6-54. - Typical Damage to Laminated Trailing Ed~

,

.
,.

Figure 6+35. -Layout of Damaged Trailing-Ed~ &ea To Be Removed

6-80
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NOTE : The type of cut used to remove the damage is dependent
on whether IWOnonflush patch plates or a nonflush and
a flush patch plate are to be used. Sketches showing the
two damage removal schemes are shown in figures 6-56,
a and b.

1 December L982

a. Da- Removal for TW Nonftush Patch Ptatas

~ Rounded internal

‘71.0 in. min width
7

Y
undercut required
for interior PattiT4
date overtap

h. Damage Removalfor flush %tch Plate on One Side
.

Figure G56.-Oa~ Remoual Schemes for Lamimred Tmiling Edge

6-81
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6.

7.

8.

!lemoval of the damaged area may be facilitated by the use of a router template. If a standard
templute is not available. a template may be fabricated from 0.1 25-inch-thick phenoiic sheet
m instructed in section 8.1. t.

Attach the router template over the damaged area with double-backed tape. Allow for the set-
b~dk distance required for the router collar.

L?singthe router, per instructions in section 8.1.1, set the router bit to the skin depth and
remove the section of damaged skin..

CAUTION: Extreme Care Must Be Taken While Removing the
Damaged Material to Prevent Skin Delamination
in the Adjacent Area.

Padded Wedge 1310ck and C-Clamps Should Be
Used To Apply Li@ Pressure To the Skin
Adjacent To the Cut-Out Area to Prevent De-
lamination. tire Must Be Taken To Prevent
Damage To the Sandwich Core From Excess
Clamping Pressure.

operation to remove the opposing skirt section and edge doubler. Note that if a flush patch
is desired on one surface, a larger size cut must be made on the opposite surface to allow for
overlap of the internal splice plate.

R&move the core from the cut-out area with a core-cutting knife. Use a 320-grit sanding dkk
to remove the remaining honeycomb core and loose adhesive from the inner side of the sandwich
skin (for the flush-one-side repair). :Smooth the meta~ surfaces having residual adhesive with
fiie abrasive paper.

?JOTE: DO NOT sand through the adhesive on the inner side
of the skin. If it is neces~ry to remove the adhesive,

for example because of corrosion, it will be necessary
to reprepare the surface prior to bonding as instructed
in section 5.3.

Use a vacuum to remove dust or debris from the repair area. Inspect for internal corrosion or
moisture.

NOTE : If moisture or corrosion is present, its extent must be
determined and it must be removed.

If the repair area is contaminated with fuel or
hydraulic oil, use MEK or another suitable solvent
and a brush to clean. Be sure the area is free of con-
tamination and dr” before proceeding with the repair.

Remove the template and attach it to the opposite side of the panel. Repeat the previous

.
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9.

10.

11.

]~-

13.

14.

15.

Exploded views showing the detailed parts required for the repair are shown in figure 6-57.
Fabricate the sheet metal details as follows:

a. Select the material to be the same as the sandwich face and doubler material that is being
replaced. The .~ge of each detail should be equivalent to the gage of the piece that is being
patched or spliced.

b. Cut the patch or splice details to be of sufficient size to allow for adequate splice overlap.
This should be a minimum of 1.0 inch or as specified by the responsible engineering
authority. Form patch plates to the necessa~ contour as required.

c. If the nonflush patch plate on the panel exterior exceeds 0.025 inch in thickness. bevel the
ed~e of one side as shown in figure 6-58.

Fabricate the core plug:

a- Select the core density. cell size, and alloy to be the same as that used in the original con-
struction. Aiuminum honeycomb core shall be a corrosion+esistant nonperforated type.
Instructions for cutting the core details are given in section 6.1.2.

b. Cut the core details with the ribbon direction oriented in the same direction as the core in
the panel. Trim the edges of the core to fit loosely in the core cavity.

Assemble the details and check for proper fit.

Identify the metal surfaces on each side of the component that will be adhesively bonded during
the repair. Remove the organic fiiish from these surfaces using 220-to 320-gtit abrasive paper.
Polish with nylon abrasive pads.

ClearI the repair cavity using cheesecloth dampened with solvent- Do not use excess soivent.
Air dry the area for a minimum of 15 minutes at room temperature.

CAUTION : Care Should Be Taken Not To Touch the Cleaned
Ama Excqt With White Links Gloves.

Use aluminum foil or polyester tape for aluminum or lead foil or polyester tape for titanium to
mask around the metal areas to be cleaned as shown in fi=we 6-59. Take special precautions to
protect the existing bondlines and the core area to prevent contamination from the cleaning
soiutions or gels. Edges of the cavity and the bondlines may be overlapped 0.060 inch by the
tape.

Prepare the bond surfaces of the component and the sheet metal repair details as instructed in
section 5.3. Rinse the surfaces thoroughly with clean water. Litmus paper shall be used to
ensure that all acid has been removed. Air dry the surface.
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.
/ by 0.060 in.

Figure 6-%.-Beveled Edge of Patch Plate

Coverbondline
--. -— —-.. -.

.

Figure G59.-Appfication of Masking Tape Prior to Surface Ueaning

16. Clean the core detail per section S.2.

Use rnchloroethane or other suitable solvens for aluminum core. Adhere to local
safety requirements.

Use caution while handling the core plug

Dry in an oven at 150°F maximum.

NOTE: clean white cotton lind= @ov=s~ be worn when
handling clean details or adhesive.

. ..
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I7.

18.

19.

“20.

21.

??---

23.

Prcp:Llrethe mihesive:

a. Select the appropritite tidhesive film and core splice adhesive per section 4.2. Observe
precautionary notes when removing refrigerated material from storage (sec. 1.2.5 ). Do
not touch the adhesive with bare hands.

b. Cut the required ad ivesive fi im patches to size. The metal patch plates may be used as
cutling tempitiles.

Rtmove mtisking tape from the repair area.

Apply an adhesive-compatible primer to the bond surfaces. See section 4.2 for material and
4.3.:1 for application instructions. Ah dry or bake the primer as instructed.

.Assemble the repair details for bonding:

,-.

a.

b.

c.

d.

e.

f.

lnsta}l the lower metal patch plates with the appropriate previously cut adhesive film
patches. Take care not to touch the espe6ia11y prepared bond surfaces.

Position a strip of core splice adhesive against the edge of the existing core.

Fit the tapered piece of core in place. Position a piece of core splice adhesive against the
edge of the core plug to mate with the edge doubler strip.

Fit the edge doubler in place. The surface of the core plug and the doubler should be
level with the outer skin surface. See figure 6-60.

Install the covering adhesive fihn and patch plate. Secure the patch plates in place with
nylon tape. The assembly should now be ready for cure.

Locate a minimum of three thermocouples around the repair area and fix in place with
nylon or polyester tape.

Prepare the assembly for bonding in accordance with section 7.11.

NOTE: Special precautions must be taken to prevent crushing
of wedge sections during cure. Use support blocks and
cad plates as described in section 9.0.

.

Cure the repair assembly per requirements for the selected adhesive system as noted in section
~.~,,

Remove the bonding equipment after the cure cycle is complete.

WJHUWFJG: WEAR HEAT INSULATING GLOVES WHEN
HANDLING HOT PARTS OR EQUIPMENT.
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25.

26.

.
.

Remove excess adhesive flash (sec. ?. 12).

Nondestructively inspect the component to ensure that the repair quality is satisfactory.

Seal around the edges of the cover plates with sealing compound (refer to sec. 4.2 and 4.3.6
for material and application instructions).

AppIy finish per section 4,3.7 and the applicable aircraft T.O. The completed repair is shown
in figure 6-61.

cor~ia! adwfve
, around PW@Wmof

Fi~re 64M-Assembly With Lower Splice Plate, COE!Plug, and Ed@ Doubler in Platx?

Figure 6-61. -Competed Repair of Laminared Tmiling Edgs

@-&7
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6.8.3 WRAP-AROUND TRAILING-ED(;E REPAIR

This section provides instruction for the repair of minor damage to wrap-around-type trailing edge
structure such as is shown in figure 6-62. General notes regarding this repair method-are given at
the beginning of this section (6.8). Additionally refer to the beginning of this section for precaution-
ary notes and the listing of required repair materials, tools and equipment.

Figure 6-62-Typical Damage to Wrap-Around-Type Trailing Edge CloseOut

The. repair steps are as follows:

L

2.

3.

4.

Defiie the boundary of the damaged area (applying coordinate lines maybe helpful during
assembly).

Lay out a regular-shaped cutting pattern that extends a minimum of 0.25 inch beyond the
damage edge. See figure 6-48 or 6-56.

Removal of the damaged area maybe facilitated by the use of a router tempkate. If a standard
template is not available, a template may be fabricated from O.125-inch-thick phenolic or
aluminum sheet as instructed in section 8.1.1.

Attach the router template over the damaged area with double-backed tape. Allow for the
set-back distance required for the router collar.

,.
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5. Using the router, per instructions in section 8.1.1, set the router bit to the skin depth and
remove the section of damaged skin.

CAUTION: Extreme Care Must Be Taken While Removing
the Damaged Mmerial To Prevent Skin Delam-mation
In the Adjacent Area.

Padded Wedge Blocks and C-Clamps Should Be Used
To Apply Light Pressure To the Skin Adjacent To
the Cut-Out Area To Prevent Delamination. Care
Must Be Taken To Prevent Dama& To the Sand-
wich Core From Excess clamping Pressure.

6. Remove the template and attach it to the opposite side of the panei Repeat the previous
operation to remove the opposing skh section and edge doubler. Note that if a flush patch
is desired on one surface, a larger size cut must be made on the opposite surface to allow for
overlap of the internal splice plate.

7. Remove the core from the cutaut area with a core-cutting knife.

NOTE: Steps 5,6, and 7 can be completed in one operation
by using a hand-held router and an extended bit.

8. Use a vacuum to remove dust or debris from the repair area. Inspect for internal comosion or
moisture.

NOTE: If moisture or corrosion is present, its extent must
be determined and it must be removed. (See sec. 7.3.5
for instructions.)

If the repair area is contaminated with fuel or hydraulic
fluid, use MEK or another suitable solvent, and a brush
to clean. Be sure the area is free from contamination
and dry before proceeding wit h the repair.

9. An exploded view of the detailed parts required for repair is shown in f~gre &63. Fabricate
the sheet metal patch plate as follows:

●

x Select the material to be the same as the sandwich face material that is being patched.
The gage of the patch plate should be the same as that of the skin.

.

b. Lay out and cut the patch to be of sufficient size to allow for adequate edge overlap.
Ths should be a minimum of 1.0 inch or as specified by the responsible engineering
authority.

c. [f the patch plate exceeds 0.025 inch in thickness. bevel the edge of one side as shown
in f~ure 6-64.
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Figure 6-63. -Trailing-Edge Damage Removed and Repair Details Prepared

Figure 6-64.-Beveled Edga of Patch Plare

d. Form the patch plate to a radius and angle to match the outer surface trailing-edge contour.
Be sure the edge bevel is on th~soutside.

10. Fabricate the honeycomb core plug:

a. Select the core density, cell size, and alloy to be the same as that used in the original
construction. Aluminum hone ycomb shall be a corrosion-resistant nonperforated type.

b. Instructions for cut ting the core details are given in section 6.1.2 Cut the core details
with the foil ribbon direction oriented in the same direction as the core in the panel. The
core depth should be such that the core surface is flush with the outer surface of the
component skin. Trim the edges of the core to fit loosely in the core cavity.

NOTE : Use care in handling the core plug to prevent damage.

c. Select and prepare a potting cc)mpound as noted in section 4.3.4.

d. Fill the core plug trading edge cells for a width of one inch with the prepared potting
material. Cure per the requirements in section 4.2.

G90
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c’. After the curt is complete. sand the surfaces smooth and r~dius the trailing edge to match
the oukr mdius of the damaged component.

f. Use a vacuum cleaning device to remove the sanding debris.

1 I. Assemble the details and check for proper fit.

12. Continue the repair sequence for the laminated trailing-edge repair in section 6.8-2, “
items 14 throu.ti 27. The detail assembly, after installation of the core, is shown in fi=-e 6-65.
The completed repair is shown in figure 6-66.

rSptict?adhesivearound
core periphery

\ Rs’mre‘ai’im

Figure 6-66. -TrailinpEd~ Repair With tire Plug in Place

..

Figure 6-66. -Cbmp/eted Repair of WmpAround-Typ? Trailing Ed~
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6.9 METAL-TO-METAL LAMiNATED REPAIRS

These repairs are for relatively minor damage unci are subject to size and weight restrictions imposed
by the aplplicable aircraft technical orders. Special care should be taken to define the damage
boundary. especially if corrosion is the cause of damage to the laminate. Damage assessment
procedures are covered in section 2.0 and nondestructive inspection methods in section 10.0. When
the extmt of damage is major and beyonci the scope of small area repairs, consideration shouid be
given to repiacing the laminate with a new one.

Procedures are outiined to repair damage infiicted on a two- three-. or four-layered laminate and to
either edge or midpanel damage.

Sectional views in figures 6-67.6-68, and 6-69 indicate types of repairs that may be used at the edge
of a iaminate or in the midpaneI panel a~a.

flDelamination in one layer

patch
plate

Figure 6-6Z-Delamination of Double. or Triple-Layered Laminate and Typical Repair Schame

r Dented Area

[ 1 $
(singleor multilayer)

Patch
CIIate /

.

Figure 6-68.-ilented Skin and Typical Repair $cheme With Non flush Patch Plates
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r Dented Area

f Parch plate

Aerodynamic suti

Fijwre 6-69.-Schematic of Repair for Dented Skin With Typiwl Repair for Aerodynamic
Smoothness

During the repair activity, give special attention to the following items:

WARMNG: OBSERVE SAFEIY PRECAUTIONS DESIGNATED
BY LOCAL REGULATIONS AND THOSE
NOTED IN SE(XION 1.3.

DO NOT ALLOW CONCENTRATED ~
OR SOLUTIONS TO COME IN CONTA~
WITH SKIN OR CLOTKING. IN CASE OF
ACCIDENTAL CONTA~, IMMEDIATELY
WASH OFF WITH GENEROUS AMOUNTS OF
CLEAN WATER

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WEEN HANDLING
ACIDS AND SOLUTIONS.

IF THE REPAIR IS IN AFUELTANK~
THE FUEL TANK PRESSURE SHALL BE
RELIEVED PRIOR TO STARTING REPAIR.
OBSERVE OTHER PRECAUTIONARY
PROCEDURES AS DESIGNATED BY THE
sAFrrY OMCER

CAUTION: Once the Cleaning Procedxre Sums DO NOT
TOUCH or Contaminate Any Surface To Be
FiUed, Coated, or Bonded.

693

.
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CAUTION : DO NOT Allow Solutions To Enter the .Assembly
or Contact the Previously Cured ,Adhesive.

Observe Requirements For Clean Environment.

The following lists include the identification of materials. tools, and equipment needed for accomplish-
ing the repairs described in this section.

Materials

Adhesive, film
Adhesive, paste
Aluminum sheet
Cheesecloth, bleached, 4-ply pads
Chromate conversion coating
Cleaner, alkaline
Cloth, bleeder
Cloth, rumple, purified polishing fabric
Film, release
Film, vacuum bagging
Paint,, finish
Paper, wrapping. wax-free
Phenolic sheet, O.125-inch
Primer, adhesive
Primer, sealant, aerodynamic smoother
Putty, vacuum seal
Sealant, aerodynamic smoother
Solution. surface preparation
Solvent, nonchlorinated (for titanium)
Solvent, cleaning
Tape, aluminum foil 0.004 (for aluminum)
Tape, double-backed
Tape, lead foil (for titanium)
Tape, masK~ng, hi-temp
Tape, plastic film, nylon
Titanium, sheet
Water, distilled or demineralized

Tools or Equipment

Abrasive pads, nonwoven, nyion
Abrasive cloth or paper, wet or dry, “180, 220,320, and 400 grit, aluminum oxide
Aspirator, vacuum
Air supply, 90 to 100 psi (w/Pressur~: reguIator, filter, and oil t~p)
Blanket, insulation
Blanket, heater, electric

.. .—--
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Brush, acid, 3/8- by 1-inch
Brush, paint, short bristle. 1-1/2-inch
Burnishing too~ metal or plastic
Clamps, C-type
Containers, mixing, polyethylene
Controller, electrical, Variac or power stat, adjustable, ac
Drill motor, pneumatic or electric (explosionproof in fuel areas)
Emery cloth, 150,320, and 400 grit, aluminum oxide (for titanium)
Fillet gun, sealant
Fly cutter
Gage, air pressure, 100 psi .
Gage, vacuum, 32 in. Hg
Gloves, heat insulating
Gloves, white cotton fiber
Gloves, rubber or neoprene, surgeons’
Heat lamps, 200 to 350 watt (explosionproof)
Hole saw assembly
Hose, vacuum w/fittings
Knife, putty
Knif% pocket
Micrometer, depth
Micrometer, gap type
Micro stop, drill
Pen, ink marking
Power supply, 115 volt, 60 cycle. ac
Pressure plate, 0.125- and 0.250iich aluminum
Pro* vacuum, connector
Pyrometer, 0° to 400° F, automatic recording
Router bi% assorted sizes
Router motor, pneumatic or elecrnc (explosionproof for fuel areas)
Router templates
Safety glasses or shield
Saw, reciprocating, pneumatic or electric (explosionproof for fuel areas)
scribe
Spatula, wood or metal
Tin sni~ metal cutting
Vacuum cleaner, industrial or hand-type
Vacuum source
Wire, thermocouple, type J or equivalent

6.9.1 DAMAGE TO ONE OR MORE LAYERS OF LAMINATES

This type repair can be used for midpanel repair and when corrosion between layers of the laminate
is a problem.

1. Locate the center of the damage area. Using a marking pen, mark coordinate lines at the edge
of the damage which, if extended, would pass through the damage area center.
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3.

4.

5.

6.

7.

8.

9.

10.

Mask off around the damage area to prevent further surface damage. Use aluminum foil or
polyester tape for aluminum surfaces or lead foil or polyester tape for titanium surfaces.

Lay out a router-cutting pattern that extends a minimum of 0.25 inch beyond ~he damaged area
(see fig. 6-70. If ~ standard stock router template is nonexistent, make a tempiate per
instructions in section 8.1.1.

Tape the router template in place over the damage area using double-backed tape. Align with
panel edge and coordinate lines for position.

Select a router assembly and router bit. Adjust the bit to the proper cutting depth. Make the
router cut.

NOTE : If the damage extends to all the laminate layers
the firstrouted cut may be a through-cut as shown
in figures 6-68 and 6-69.

Restt the router depth for the second cut if required as shown in figure 6-70. This requires
that the frst router templates be removed and replaced with a new tempiate that includes
allo~wancefor the overlap dimensions. Position the router assembly and make the second
router cut.

Remove the pieces of damaged skin. If the skin does not lift up by finger pressure, pry loose
with a sharp chisel or knife. Dry ice may be used to embrittle the adhesive for easier removal
(see sec. 7.3.2).

Remove any organic finish remaining around the cut+mt where the patch plate will be bonded
using abrasive paper (180- or 220-grit). Finish the surface with 400-grit abrasive paper or nylon
abrasive pads. Substitute emery cloth for abrasive paper on titanium assemblies.

Remove all sanding dust and debris with a vacuum cleaner.

Fabricate the sheet metal details:

a.

b.

c.

Select the material to be the same as that being repaired. The thicknesses shall be the same
as that of the original material. If a single plug is to be used to replace more than
one skin layer allow for the eliminated bondline thickness.

Lay out the skin plug(s) and patch plate(s). Add the required overlap dimensions. Allow
for a minimum overlap of 1.0 inch or as specified by the responsible engineering authority.
If the patch plate is at the edge of a panel, add two overlap dimensions in length and only
one to the width. If the patch plate is for a midpanel repair, add fie overlap dimension
to all sides or the periphery of the plates.

Cut the skin plug(s) and patch plate(s) to size.

CAUTION: Catting of Titanium Detaik Requires Special Took. ~
Consult the Proper Document For Proper Tools,
Speeds, Feeds, IEtc.

.4

.
&
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Figure 6-7t2-Repair of a Delaminated Skin Arw
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d. Bevei one side of all exterior patch plates per sketch.

MIL- 5DBK-337

-f

t

L
,020+*~~~i* -T~r7

-0.010 in:
Sketch of Bavel Detail

11. Preitit all details to the assembly. Trim as necessary.

12. Prepare the surface of the details and the assembly for bonding. Refer to instructions in
section 5.3 for aluminum and 5.4 for titanium.

WARNING: DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLUTIONS TO COME IN CONTACT’ WITH
THE SKIN OR CLOTHING. IN CASE OF ACCI-
DENTAL CONTACT, IMMEDIATELY WASH
OFF WITH (GENEROUS AMOUNTS OF CLEAN
WATER.

ALWAYS WEAR AN EYE PROTECTION DEVICE
AND RUBBER GLOVES WHEN HANDLING
ACIDS OR CLEANING SOLUTIONS.

CAUTION : Once the Cleaning procedure Starts, DO NOT TOUCH
With Ike Hands or Contaminate Any Surface That
Is To Be FIlkd, Coated, Or Bonded.

DO NOT Allow Solutions to Enter the Assembly
Or Contact Any previously Cured Adhesive.

Observe Requhements For a Clean Environment.

13. Prepare and apply the adhesive primer, film, or paste:

a. Select the primer for the chosen adhesive system from section 4.2 and apply per
instructions in section 4.3.1. !5elect the adhesive fti, sheet, or paste required to withstand
the particular service temperature and specified in the applicable T.O. Observe the
precautionary notes when removing refrigerated materials from storage (sec. 1.2.5).

b. Unroll the adhesive that has been conditioned to room temperature. Cut and shape the
film using the details as templates and the instructions in section 4.3.2.

c. Assemble the metal details and adhesive layers for bonding.
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14.

15.

I6.

I 7.

18.

19.

20.

21.

?-!---

Locate u minimum of three thermocouples around the patch plate(s). Hold in place with nylon
or polyester masking tape.

Remove the tape ustd for protective masking.

Apply bagging materials per instructions in section 7.1 I.

Cure as instructed for the particular material systems in section 4.2.

Debag the assembly after the cure cycle.

WARNING: WEAl? HEAT Insulating GLOVES WHEN
HANDLING HOT TOOLS OR EQUIPiMEhT.

Inspect the bonded repair per instructions in section 10.0.

Clean the adhesive flash areas per section 7.12. Wipe with clean, dry cheesecloth.

Repare and apply aerodynamic sealant per section 4.3.6 or the applicable aircraft T.O.

Apply a replacement finish per section 4.3.7 or the applicable aircraft T-O.
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7.0 LARGE AREA REPAIRS

7.1 INTRODUCTION

The procedures presented in this section are in[ended to senw as a guide for making sizable permanent
repairs to bonded structure. A description of standard operations is provided that will have application
regardless of the particular aircraft model.

There may be limitations as to the size or type of repair that can be made by a particular maintenance
facility. These. to a large extent. are determined by the availability of equipment such as surface
preparation tanks. autoclaves. or bonding tools. These limitations primarily apply to operational
bases and are specifically defined by the responsible ALC or other maintenance authority.

]n gene~l. if large a~a repairsaretobe satisfactorily accomp~ihed. cleaning tanks, corrosion resistant

primer application equipment, controlled atmosphere assembly are~, autoclaves for pressure cum
and trained and certified pemonnel are considered absolutely essential

Emphasis should be placed on making the repair in a good workmanship manner. Repair part details
should be preassembled prior to bonding to ensure proper fit. The bonding took must be carefully
designed to hold the part in proper contour and prevent slippage or crushing of the detaik dt&ng cure.
Special care must be taken in preparing the metal surface for bonding. The quality of the bond surface
to a large extent determines the adhesive bond strength and resistance of the bond to environmental
exposure.

During the repair activity, give special attention to the following items:

WARNING: OBSERVE ALL LOCAL SA.FEIY PRECAUTIONS
AND THOSE DESIGNATED IN SECTION 1.3

DO NOT ALLOW CONCENTTL4TED MIxruREs
OR SOLUTIONS TO COME IN CONTA(X WITH
SKIN OR CLOTHING. IN CASE OF ACCI-
DENTAL CONTA~, IMMEDIATELY WASH
OFF WXTHGENEROUS AMOUNTS OF CLEAN
WATER

ALWAYS WEAR EYE PROTECI’ION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND CLEANING SOLUTIONS.

7.2 DAMAGE EVALUATION

A careful assessment of the extent of damage is an impofiant part of the repair procedure. Fhst, it

allows a definition of the damage boundary. It is not an uncommon occurrence to make a repair and
then fmd that the damage has extended beyond the repaired area. Secondly, the damage evaluation
allows an accurate estimate of the repair COS1to be used as a basis for the fepair-r-replace decision.
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Procedures for damage assessment are covered in section 2.0. Nondestructive inspection methods are
covered in section 10.0.

7.3 DAMAGE REMOVAL METHODS

This section describes methods that havt been effectively used to remove the damaged bonded
material. If the material is removed properly. the subsequent repair can be made more easily. Care
should be taken so as not to extend the clamage. Proper tools must be used to cleanly cut the core.
Some adhesives. especially those used for high temperature applications, may peel quite easily.
This is an asset to removing damaged skin or doubler material. Special care must be taken, however,
to prevent the peeling from causing delamination beyond the repair boundary.

It is recommended that paint strippers not be used unIess all adjacent areas that might become con-
taminated are carefully masked. e.g., adhesive bondlines. open core areas, etc.

Normally adhesives should be left on surfaces that will be rebonded if the original adhesive appears to
be in goc~d condition and is firmly bonded. This will provide an excellent surface for the repair bond.

7.3.1 REMOVAL OF SKIN AND DOUBLER MATERIAL

Numerous types of mechanical equipment are available to cut, slit. rout, or saw the aluminum or
titanium material. Equipment commonly used includes the high speed router, jitter or saber saw, or
the slotting saw. These are described in section 8.1.3.

The high-speed router shown in figure 7-1 is both convenient and versatiie. The depth of cut can be
easily adjusted. It can be used against a tempIate to define the cut outline.

Typical router cuts to remove damaged material are shown in figure 7-2. The cuts in the figure were
made to repair damage to the edge of art F-5 landing gear door. A flush replacement skirt section is
to be installed on the flatexterior surface, thus a wider, cut is made on the interior surface to allow
for installation of an interior patch plate.

The router template is made of either 1/[l-inch-thick aluminum or plastic. It is attached to the part
surface with double-backed tape. In making the template, appropriate allowances must be made for
the diameter of the cutter and the thickness of the guide bushing as shown in figure 7-3. The width
of the step cut for this particular case is the width of the template plus the cutter diameter plus
twice the set-back distance for the guide bushing.

After routing the template and double-backed tape are removed. A beveled edge putty knife may be
used to lift the edge of the skin. It may then be gripped with a pliers or vise grips to peel (see fig. 7-4).

WARIYIBIG: PULL SLOWLY. BE AWARE OF THE SUDDEN
RELEASE AT THE END OF THE PULL.

.,.

.

!.,

z
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Figure 7-I. -Using High Sp?ed Rourer to Remove Oamaged Material

Where it is necessary to remove a large section of skin, again a beveled edge putty knife or chisel may
be used to start the face separation. Thii is illustrated in figure 7-5a. The skin is shown being peeled
from the surface in figure 7-5 b. If the adhesive has high peel swength. it may be helpful to slit the
skin in sttips with a slotting saw as shown in figure 7-6. It may then be possible to $gripand peel the
strips with a pfiers. or the slotted sardine-can-opener-type tool may be used.

7.3.2 USE OF DRY ICE

When d~ ice (solid carbon dioxide) is applied to [he bonded skin surface. it tends to embrit tle the
adhesive and lower its peel strength. An effective procedure is to cover the skin with chunks of the
dry ice and then cover this with an insulating blanket for a few minutes. Usually an otherwise tough
adhesive can then be peeled quite easify.

WARNING: DRY ICE SHOULD BE HANDLEI) WITH IiX-
SULATED GLOWS AIID WHILE WEARING
SAFEIY GOGGLES. FROSTBITE 31AY RESULT
W DRY ICE COMES IN CONTACT WITH THE
SKIN OR EYES. IN CASE OF COXTACT, OB-
TAIN MEDICAL .ASSIST.AiNCEIMMEDIATELY.
PROVIDE VENTILATION FOR CARBON DIOXIDE
PER LOCAL SAFEIY REGULATIONS.

7-3



.,

1 Lwcember 1962

7-4



1-

.

Templaze
n Lb-’”i’bu’’in’

~ VKdthof <In strip to be
removed

Figure 7-3. -Use of High Speed Router to Remove Srrio of Sandwich Skin

Y
Skin removal

skin

Figure 7-4. -Peeling Skin Strip From rhe Honeycomb Core
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a. Starting Skin I?wnovaiWith Air-Powered Chiwtl

b. Peeling Sandwich Skin With ‘*CarI opener” Type Tool

Figure 7- 5.– Removal of Large Skin sections

~ *Cenlher 1982
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%nded assembly

stoned tool

>Honeycomb core

Strip Removal

~Lock rirg

Taa Bar S!ottad Tool

Figure 7-6. -Honeycomb Panel Skin cut in stri~ to Facilitate Removal

In some cases it may be advantageous to construct a special insulated enclosure to surround the entire
assembly. A typical retort is shown in figure 7-7. The damaged assembly is loaded into the retort
which is then flooded with bottled carbon dioxide gas. The emitted.= is chilled to a dry ice condition
by its expansion to atmospheric pressure.

After approximately 30 minutes the assembly is removed and the skin peeled. Care should be taken
in handlin~ the cold assembly to prevent frostbite (see the previous warning note). Other methods
that may be considered are the use of liquid nitrogen or. in some cases, the application of heat

7-7
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[

CO*retort

mQ
for skin removal

L
Damaged
part

.

,.

Figure 7-7.-C02 Retort to Facilitate Skin Removal

7.3.3 ‘ RE340VAL OF CORE MATERL4L

Removal of light density core may be accomplished using a sharp pocket knife or putty knife. The
procedure is illustrated in figure 7-8.

For the condition shown in the figure. vertical cuts are made through the core proceeding along the
edge of t~~eroil[ed skin- The knife is then, slid along the inner skin surface [o make the ho~zonta]

cut. The core is removed dew-n to the adhesive bondline.
.

In the case of denstr core it will be necessary to use machining techniques. A core removal operation
is shown in figure 7-9. .An abrasive disk is being used with a portable high-speed air motor. A valve
stem cutter may also be effectively used for this operation.

Followinj; removal of the core. the adhesive surface may be smoothed using a portable high speed
motor and u sanding disk [see fig. 7-10). Care should be taken not [o penetrate the adhesive layer to
expose the base metal. After this smoothing procedure use a vacuum cleaner to clean up the sanding
dust und (debris. Dry wipe with clean chcwsecioth.

7-8



.

Figure 74. -Removal of Core With Sharpened Putzy Knife

Figure 7-9. -Dama@ Core Being Removed With Abrasive Disk Mounted in High Speed Air Motor
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7.3.4 REMOVAI, OF SURFACE CORROSION

The exi$tence of corrosion on any ptirt or surface is considered the same as physical damage and
must be removed or {he pwt repiaced. 1:~general. !ighr corrosion on skins, doublers. or stiffeners cars

be removed and the surface refinished. Wm?n [he corrosion has advanced to the stage of pitting and
scale, the parts shouid be repiaced. Whe:n honeycomb core is 3ff’ecteci by corrosion, it ioses its luster
and apptars white or grey in, coior. In more advanced stages, it becomes brittle and tends to flake
away. Core corrodctd to any exttmt should be replaced. Skins having Iigtt{ corrosion may be treated
as follows:

1. Abrade the corroded surface wirh nyion abrasive pads until the corrosion residue is removed and
th~ surface polished.

\OTE : Pm aluminum oxide abrasive wheel may be used prior
to rht abrasive pads.

7-. Use a vacuum ciearter to remove al! corrosion dust and debris.

~. Wipe the abraded ;rea with chmn. dry cheesecloth.

7.3.5 REM(?VAL OF ORG.ANIC SURF,4CE FINISHES

in genera{. it is recommended that Ihe finishes be removed mechanically with evaporative solvents.
Strippers are difficult to contain :nd can cause serious damage if they penetrate into crevices or
adhesive bond lines.

1. Removal of po!yurethme coa[ings:

a. Sand the suxface with nylon abrasive mal (?4IL-A-9962) or 1$0-, to 200-grit alwnjnum
oxide paper. Finish with 380- to 400-grit paper.

7-10
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Figure 7.10. –Smoothing Adhesive Surface With Abrasiw? Disk
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b. Wipe d~ with clean cheesecloth.

-1=. Removal of other organic coatings:

a. Moisten clean cheesecloth with solvent and wipe surface until finish is dissolved.

b. Dry wipe with clean cheesecloth.

7.3.6 REMOVAL OF MOISIIJRE

lN GENERAL, IT IS RECOMMENDED THAT WHERE MOISTURE IS DETE~ED IN A SAND-
WICH COMPONE~, THE AREA BE OPENED. INSPECTED FOR CORROSION, AND REPAIRED.
In some cases. however, if no internal damage is indicated, Le., if it is known that the moisture has
just entered the panel, it may be elected to simply find the entrance point. remove the moisture and
reseal. The following procedures are included to accomplish water removal.

Procedure No. 1

1. h each area where water is found, drill a 1/8-inch-dia hole in the bottom surface at the lowest
point. Drill a 1/8-inch-dia hole in the upper surface at the opposite extreme edge of the water
accumulation area.

2. Install a heat blanket* of suitable size and vacuum bag at the lower extreme end of the water
accumulation area: heat to 170° * 10° F for 2 or 3 hours

3. CoVer the opposite l/8-inchdia hole with masking tape.

4. Apply vacuum of up to 15 or 20 inches of mercury.

5. Allow pump to operate for approximately 3 to 5 minutes with the top hole closed. Remove
tape from the top hole and allow air to enter for approximately 3 minutes. Replace the tape
to close off the upper hole.

CAUTION: Damage to the Core WI Occur If the Upper Hole Is
Left Open For More Than 5 Mrnutes With a Vacuum

Applied.

6. Repeat steps 3,4. and 5 for approximately ~ hou.

7. Stop heat and vacuum. Remove heati~e method and vacuum bag-

*A options, the part may be placed in an automatically controlled autoclave or an air-circulating
oven.
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s,. Reinspect. If water is completely removed. proceed to next step. If water remains in the area
but is less than when previous 5 steps were last started. repeat those steps. If no change after
third try, proceed with “Procedure No. 2.”

9. Sean !Ioles that were drilled in previous steps. Seal with sealant from section 4.3.6 which lists
mixing and handling instructions.

Procedure No. 2

If water cannot be removed by the first procedure then resort to the following as illustrated in
fi:Llre 7-:! 1.

1. Cut a hole approximately in the center of the affected area, using the following hole-size to
water-diameter as a guide:

Water
accumulation

dia (inches)

2.0
3.0
4;0

5.0

6.0

III
VtiewThmugtr Moiiure Area

rPuncturing tool of 0.05 in.
piano wire or similar material

Hole size
required
(inches)

0.75
1.00
1.50
1.75
2.00

-1 ;::n.1+
Hole Cut in Lower Skin and Core

{ \

Heat m bag

Puncturing of Core Cells Vacuum Bagand Heat
Btarsketin Position

,.

.-

Figure 7-1 I.-Procedure for Removal of Moisture From Honeycomb Sandwich Assemblies
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?-. Manufacture a puncturing tool of 50 mil piano wire, or similar material (see fig. 7-1 I ).

3. Locally puncture the honeycomb core cell walls containing water. Puncture at the lowest point
possible without affecring the bond line.

4. Install the heat blanket and vacuum bag over the affected area (see sec. 7.1 I). The part can also
be heated in an air-circulating oven or an automatically controlled autoclave.

5. Apply 3 vacuum of 15 to 20 inches of mercury and heat to 170° k \ 0° F until all the water is
removed. This may take from 2 to 4 hours.

6. SIop heat and vacuum. Remove heat source and vacuum bag.

7. Reinspect to make sure all the water has been removed. If water is not all removed. repeat
previous 4 steps until water is removed.

8. Repair the hole or core area as necessary per instructions included in the procedure section 6.0.

9. Reseal the edges if the panel is damaged per instructions in section 4.3.6 or the applicable airc-
raft T.O.

7.4 REPAIR MATERIAL SELECITON

Refer to section 4.0.

7.5 IN-PROCESS QUALITY ASSURANCE

It must be emphasized that postrepair inspection methods are not sufficient to ensure that a quality
repair has been accomplished. These methods may be used to detect gross defects. Such properties
as a high level of bond strength or environmental dumbility, however; can only be confidently
obtained through careful stepby-step processing and the use of adequate in-process controk The
following is a guide to in-process quality mntrol steps thatshould be taken. These steps are particu-
larly applicable to the processing of aluminum.

7.5.1 GENER4L

● Control test assemblies for aluminum should be associated with processing steps rather than
individual parts.

● ControI should be based on the following processing steps:

a. Tank clean-line process

b. Primer process

c. Cure process .
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Tank Cle~ln-Line Process Control:

1. Process one weilge or peel test assembly with each cleaning load. Use 2024-T3 clad or nonclad
details. For a description of the wedge test procedure. see section 4.4.1. The wedge testis
pref!:ned for ~~o” F ~L1ringepoxy ~(ihesives. The peel test may be used for 350° F curing

systems. The peel test is described in MIL-A-25463.

9
-. Prepare and identify a process control data sheet to accompany the test panel through the test

eva!ua~ion. Include the following information in this form:

● Clean-1ine load date and time

● Primer and adhesive lot and container or roll validation date

● Primer and adhesive application date and time application is completed

Q Primer drying identification

● Cure identification

9 Test results and disposition of load

3. Locate the test assembly details in a central location in the cleaning load with the production
details distributed uniformly.

4. The process control test details should accompany the production parts through all stages of the
surface preparation.

7.5.2 BAKE OR CURE CYCLE PROCE!SSCONTROL

1. Identify the temperature and pressure charts with the assemblies, subassemblies, ~d ‘process
control test details processed in each particular bake or cure cycle.

?-. Verify the acceptability of the bake or cure cycle.

7.5.3 EVALUATION OF PROCESS CONTROL RESULTS

1. Clean line acceptance and rejection criteria: If any one of the wedge specimens, using a standard
2500 F curing adhesive, shows crack growth greater than 0.75 inch, or if the average of 5
specimens exceeds 0.25 inch, after 1 hour exposure to 120* F/100% relative humidity condi-
tions, recycle the corresponding parts and take corrective action. The peel specimens should
show 1007c cohesive failure to be acceptable.

Reject the parts and take corrective action if any of the new specimens fail above the limits.

-?
b. Record the results and disposition on the process control form.
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7.6 F.4BRIC.ATJO.Y OF DETAILS

7.6. I SHEET }1ET.-\L

Where the met~l detuils are cleaned ~nd primed but no{ immediuteiy bonded in un assembly. they
shall be wrapped ond stored us noted in section 1.2.5.
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Figure 7-12. - Ro to-Peen Being Used to Form Small Sheer Meral Derail
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Before use. core’ dtt~ils should h’ inspecld for corrosion. ewhins. or contamination.

AII eqLli~me~[ coming in contucl with honq’:omb core should bc free of oils. igreases. dirt. waxes.
talc. or other contumintinw.

Morr specific guides concerning core handiir?g. shop processing. and custom purchasing are inciuded
in the foilowing sections.

%fachining Core Iktails

Small tort dt:~i!s ma} be n~~:hiritd u$im: portobie tobltto? rou:ing equiprntnt. This tquipmer?t and
the machining ~e~hniqu~s Qre described in section 0.1.2.

Typical ,jq~ipmen[ for surfa~e-m~chinin~ iar~e pieces of core is shown in fi~ure 7-1~., The machine

shown hts both longitudinal and cross rails. it uses a multipie speed (7000, 14000. and 21 000 r-pm)
precision electric mo[or. This allows the operator to Meet a rmge of curter diameters ( i ~2 103
inches) whiie maint~inirrs Qsatisfactory cutter peripheral speed. The [eed rate is maintained at 50 [o
200 ftwt per minute. The (u~ter is IIR ‘“~:Jivtstern’” or .“boio~na siicer.- type shown in figure 7-i4.

A v3iLukI[e accessory for use with the core-cuttiny machine is the sine or angle plate (0° to 20° angle)
shown ]r; figurt ‘-l 5. Th& p!oie has o vocuum fa(t und is used for machining wedge-shaped dt?taiis.

Several mt’[irods !xiw iwt?n LIsed [or >.-‘,.,bjli~i~~g:he thin ~.ore foiis ;’or mc~’hinirry. Among th&X M

been 10 t’retzt the cells iilied $vith wtiter.
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Figure 7-13. -Surface Machining Honeycomb Core

Using proper cutting techniques, the core can be satisfactorily machined without being filled. The
main problem becomes one of holding the core in position. This may be accomplished by bonding

nylon cloth to one honeycomb surface. The core c3n then be held COthe machint base by vacuum.

The method for bonding the cloth typically uses a fla{ aluminum plate as a base. This plate should
be a minimum of 6 inches larger than the core piece to be bonded. The materials are stacked as

shown in figure 7-16 for cure. The curing procedure is the same as thar for nomnal bonding except
the cure time and pressure ( !O psi) is reduced.

After curing. the ba=~ing material is removed and the core is ready for machining. After machining.
the nylon cloth is peeled from the surface. This is made easier by placing the core in 3 decreasing

tank. nylon side up. to soften the adhesive. Peel off the nylon cloth. then bake the core to remove

the de-greasing solution.

Another method of holding the core is by using a two-stage bonding operatiort. In the case of a
typical wailing-edge mb. this is accomplished by making a first cure by bonding the rectangular core
block to one skin. the front spar. and end ribs. This assembly is attached to rhe work bed for
machining by vacuum chuckirrg. The end ribs are used 3s a ternplat$ LO taper the core to proper
contour (fig. 7-! 7).
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Figure 7- 14.-Assorted Cutters for Machining Honeycomb Core

Honeycomb Core Forming

The best and most versatile equipment to form core details is gensmliy of speciai design and only
available at the core fabricator’s facilities Limited core-forming can. however. be done with selected
sheet-metal-forming machines. provided proper procedures are used. Examples of usable machines
are the Farnharn pyramid roli {fig 7- 18) or the *“pinch” type plate roll (fig. 7-19) having a sufficient
gap (opening) ro receive the core thickness. Accessorks needed to accomplish this procedure include
heal-treated aium.inwn sheers (caul plates’): one heavy (0.063-inch) sheet for the lower surface and
one thin (0.020-inch) sheet for the upper surface. Dapcoat 5020 is applied to the core side of each
aluminum sheet to an t3.020-inch thickness. The following is a guide for core-forming iimits:

Core density Radius (inches)

up to 3.1 N times thickness
3.{ rotii 30 times thickness
6.1 to 8.1 40 tirnts thickness

Tilt ro~ farming proces$ is accomp[ls~ed by ~ nu~,ber of fore am.i aft (back and forth) passes {hrough

tiw rolls. Dtpttr is changed after each PMS. This minimizes the roll pressure applied by the ““top”
or forming ro~l Tht core density and core thickness determine the depth change for each pass.
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Vacuum seal

Figure 7-15. -Sine Plate for Making Angle Cuts on Honeycomb Core

r Nylon bag film

/ /--Bleeder cloth

//
~ PVA-seated fiberg!ast cloth

:

pmy~ z-Aluminum base plate

Figure 7-16. –Stack-Up of Materials ro Bond Nylon Stabilizing
Honeycomb Core

Honeycomb core

5 Mil adltesive film

Nylon cloth

5 Mil adhesiti film

Release film

Cloth on Surface of
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Figure 7- 17.--Second Stage t%fachining af Core

When a core demii rcachtw the limit of a straight line element parallel 10 the roll. a phenomenon
occurs that creates a syrdastk reaction ciiusing the detail to fcmn an elliptical or dished shape. If
the assembly bting wp~ired his a sha}iow compound contour, this yntclastic reaction may be
a&~n[3g~cs.

Custorni~.ed Purchasing of Honeycomb Core

I%rchMrg honeycomb core may provide a Iess expensive method of obtairring finished core details.
Tlw mantifucturers of honeycomb core have th~ capability to produce complex compound contoured
details. When procurement time permits snd design drawings or contour templates are available. it is
recornrnrnd~d th~: customized purchasing tw considered.

Prior to t!txming and asstmbiy for bonding. [he d~tail parts. less the adhesive, should be preassembled
in the bcwdin~ tori to <h~(k for proper fit. (.%dwcription of the bonding tool design w-id use is given
in SCL’.‘1,0.1
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or dimples. Any uneven surface shoul~ not exceed 0.003 inch. includicg bums. Details IO be bonded
should noi be ofstee! stamped for iderriity.

Sheer metal de[aik should mate to the adjoining surface using 3 light pressure ( I to 2 psi)- Extwded
or machined spar chords. fittings. and;or closures should match the part contour when 5 psi pr?~uie
is applied. The maximum gap should no; exceed 0.005 inch.

Detail parts that do not fit properly must be reworked or refabncated prior to assembly.

Verifbtion Film and its Application

In some cases, especially when thick pieces are being bonded or where major size repairs are being
made, it may be difficult to determine if the bonding surfaces are mating with proper fit. in these

instances. the use of verification film (verifilrn) is necessary. The technique involves making a pre-
cure writh the adhesive film sandwiched between two thin layers of release film. After cure the
assembly is taken apart and the film examined for to-thin or too-thick area& This allows discrepan-
cies to be correcxed before the cure. The verifilm can be retained as a permanent record of the mating
surface fit.

V/A

Plastic.coaWd
caul ptate

?////A rali guide

i2ZZZZZA — Lcwwrframe

Pkae-coared
G3ulme

Coredetail

Figure 7-18. –Farnham Roll Being Used to Form Honeycomb Core
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/ ~’ Core detail

Flastic-coatedcaul sheet

Gap ro{l

Form roif

Figure 7- 19. –Pyrarnid- Type Pinch l?oi/ Used to Form Honeycomb Gxe

I
Figure 7-20. -Prefit Inspection Prior ro Bonding

7-22



1-

1
,-

.

Y! L-XDX<-337 ~ ~ce=bez :3s2

?.S SURFACE PREP.4R.4TION FOR BONDING

Prepar~tion of the metal surface for bonding is one of the critical operations in obtairting a bond that
is st ron: and durable. Surface preparation methods are described in section 5.0. Special care must
be taken to prevent the cleaning soiutions from contacting surrounding surfaces. especially the
surface of high s[ren$th steel. or from entering crevices.

.

Figure 7-21. -Di~ecrion of s-ping Air From Release Film
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WAR%IYG: OBSERVE ALL LQC.4.L S.~FETY PREC.4LTIONS
AND TIiOSE DESIGX.4TED lx SECTION 1.3.

W) NOT .ALLO\*”CONCENTRATED MIXTURES
OR SOLLJTIONS TO COME IN CONTACT WITH
SKIN OR CLOTHING. lx CASE Oi? ACCi-
DENTAL CONT.4CT. IMMEDIATELY WASH
OFF W!TH G!;XEROUS AMOUNTS OF CLEAN
WATER.

AL.W’.%YSWEAR EYE PROTECTION DEVICES
AND RUB3E:R GLOVES WHEN HANDLING
ACIDS AND SOLUTIONS.

,.

.
CAUTION: DO NOT .A11owthe k-face Preparation Soiutions

To Contact the Reviousiy Cured Adhesive.

Once the Cleaning Procedure Starts. DO NOT
TOUCH With ‘B3reHands or Contaminate Any
Surface To Be Filied. Coated. or Borsded.

If the Repair b Not Contirrued %$7thin 2 Hours
Following ~e:ming. the Cleaned Areas Shall Be
Covered Using Cle3n Kraft Paper.

Clean White Cotton Lintle= Gloves SIXMBe
Worn When Handling the .Adhesive Or
Cleaned Details.

7.9 .APPLIC.4TIOX OF BONDING MATERIALS

7.10 ASSEMBLY OF COMPONENTS FOR CURE

Tiw opprcuciws describtd here for membiing of the part being repaired may be applied to either
!arg~ ~MZr~p~irsor t~~Smaj]repa]rsJw,uibed in section 6.0.

.
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Figure 7-Z2-Wed~Shaped Panel That Collapsed in Autoclave Duetolnadwuare Tooling Support

An otit!ine of the adhesive ]ayup.and assembly of the details for cure is x follows:

i. Assemble all details in orw Iowtion. This should be in u clean controlled area room per MIL-A-
8.3377 especially constructed [or Eheupp!ication of m!hesives and dewil lay-up.

7
-. Remove ih adhesive /TOmlotv ~em~eroturc storage. Record [he time removal. .Allow the

adhesive [o reach room tectperu[ttre beiore Unseuling the pack3ging. ThLs conditioning eliminates
tht condeawtion of moisture onto the ;I!m. Be sure the proper adhesive is selected.

CAUTION: Handle the Adhesive and Cleaned Core Details W“ith
clean Lintfree White Gloves Only. Handle the

C&ewwd Metal Details By the Edys. DO NOT
Touch the Chxmed Bond Surfxes. Ccmmmimted
Surfaces Must Be Recleaned Prior to Bonding.
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NOTE: Observe Whiih Lit:lail fayiny surface is best to receive
the udhesive application. Use those surfaces ~nd details
M cutting templates for the adhesive film.

After the adhmhw has been cut an<. ready [or assembly. repack+$e the adhesive rol!. WMlthe
psckagt COciirnirutt tiir. and rerurn to low temperature storagb. Record [he total out tin-x and
subtrwx from the adhesi~e life.

I&e a similar hand Ung procedur~ for thecore-splice adhesive. Cut the foam adhesive 118 inch
wider than $he core shickrxss to be spliced. Use a straight edge to hokl down the adhesive and
to :guide the cut. Cut enough strips to cover the exposed core edge.

After the details art positioned against Iht tape, press the 1/8 inch of extra foam down into the
core. spiice gap until it is flush with the core surface. Take care so that the adhesive foam does
nol “roil down” into the splice gap as the details are sIid into place. H this occurs, fill the gap
with additional adhesive. AkvJ be sure that this excess adhesive has not prwented the details
from seating properly.

After positioning each detail. inspw:t for improper fit and surface height. Thts.e are common
causes of bondline voids and porosity (see fig. 7-2S).

~ $kin patch

he CkM?
re dug

Figure 7-23. – Voids LMder Mezai Patch Plate Due To /mproper Fit of Details

Compiet& the wsernb!y by adding the &ppropriate layers of !%n adhesive and metal detaiis.

Stcurt in pkw with nylon film rape.

irIsr311sufficient dvmnocoupie wires to enable adequate monitoring of the oswmbly”s cure
[emperamre, Secure in place with nykm film We similar [0 above.

.
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7.11 VACUUM BAGGING TECHNIQUES IN PREPARATION FOR THE CURE CYCLE

‘-Bagging.’ is standard terminology referring to the sealing of the repaired area by encapsulating it in
an impewious plastic film. Consolidation pressure may then be effectively applied to the assembly
either by pulling a vacuum on the sealed area or by pressurizing the part in an autoclave and venting
the sealed artw to the external atmosphere. For the vacuum cure. heating may be obtained with
heating blankets or by placing the assembly in m oven. In the case of the autoclave. heating is
inte~gal with the system.

Where the equipment is availab[e. the autoclave cure is recommended- The hi$@eravailable pressures
nominally provide a superior qualit y bond line. Pressures obtained by the vacuum method are in the
mnge of 8 to 12 psi. As a comparison. honeycomb assemblies are typically cured at 35 psi in an auto-
clave. Laminates may be cured at much hjgher pressures. This vties depending upon the particular
adhesive system and the part design.

.
Where an autoclave is not available. a satisfactory bond can usually be made using a vacuum pro
cedure. ( Some adhesives do not give satisfactory results with a reduced pressure cure.) Certain pre-
cautions need to be taken. however. The detail parts should fit well. Also. the tendency of the
vacuum to laterally move the honeycomb cell walls must be recognized. In generai, the following
rules apply:

● LIMIT THE VACUUM PRESSURE ON PARTIALLY BAGGED HONZYCOMB COMPONENTS
OR ON ASSEMBLIES HAVING LIGHT CORE AND SKINS TO 8 TO 9 PSI.

● A full vacuum may be used for envelope (i.e., fully) bagged assemblies that have thick skins and
heavy density core.

● When the asembiy is to be left under vacuum for an extended period of time, for example
over night. red uce the pressure to 5 to 6 psi.

● When vamurn is applied to an assembly to be cured in autociave. &“the autoclave pressure is
raised to 5 to 10 psi. release the vacuum on the assembly by venting it to the exterior atmosphere.

There are several approaches that may be taken to bag the part. If tie area being repaired is small
and the part quite large, it may be easiest to seal only the area around the repair. In other instances
itmay be necessary to envelope bag the entire part. This may or may not be done in conjunction
with a bonding tool. .Approaches to the bagging process are described in pan-graphs following a
description of nomenclature. The following terminology is generic to the bond cure process and will
be used in the subsequent discussion.

Bagging: The application of a specific group of materials necessary to seal off a repair area
from ambient environment Thk procedure is essential to obtain a bonding
pressure. This is achieved by drawing a vacuum or pressurizing the assembly in an
autoclave.

Bagging film: An impervious plastic film (e.g., nylon. PVC, Mylar. PVF, etc.) that covers ,the
repaired area or completely envelopes the entire assembly. It is uswdly 2 to 4
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I rnilsin thickness and isdiscarded after each cure cycle because the plasticizers
in the film are affected by heat. causing cracking and leaks.

I
Bl&eder cloth: A porous cloth usec[ to allow passage of air or gases and to absorb excess adhesive

flash. Air and gases flow over or around the assembly or repair to any provided
outlet. such as vacuum, probes or vacuum bayonets, which may be open to the
atmosphere (as used in autoclave curing).

I Bond assembly jig: This is the tooling used to support the detail parts in proper contour during the
bonding process. Commonly termed ‘.BAJ.”

I
Bridging: A condition in which bagging materials, bleeder cloths, or plastic films are un-

supported because c)f fit, gaps, or spaces. These areas should be plugged, filled,
or covered with sheet metal, aluminum tape, or caul plates to eliminate any
possible situation in which a “bag break” might occur.

Caul plate:

Fairing:

I
A support plate that is used to distribute pressure. It may be used over a thin
skin that otherwise might dimple into the core cells. It may be used to bridge
over an area where pressure is not desired. It may also be used with the assembly
tool to fix the part details in place.

I
The matching of tool and part to eliminate misalignment that can cause cracks,
gaps, or openings instead of a smooth transition from one surface to another.
Each layer or ply of release fiIm, bleeder cloth, plastic film, etc., should be rolled
or stretched to a flat, smooth surface.

I
Extrusions, protrusions, or fittings should be protected by fairing bars, metal
blocks. or channel filler bars. End closure ribs should contain filler blocks of the
same configuration to reduce pressure and to create a smooth transition to the
~ool surface (see sec. 9.0).

I Hard tooIing: Well-built tooling made for continuous use and high production.

I
Release film: Thin films producecl from nonstick materials, such as FEP, teflon, modified

hdohydrocarbons, I?VF, etc. They are interleaved between any adhesive film,
resin, potting compounds. or sealant and a surface not intended to be bonded.

1 Soft tocding: Inexpensive, short life tools that will maintain contour for a limited number of

I cycles.

I
Vacuum probes: A probe that provides air passage through the bag~ng film. it provides a hose

connection for the vacuum line. A number of probe designs exist and are com-
mercially available (see sec. 8.6). Normally the probe base is under the bag fiIm
and a rubber or silicone disc on the exterior surface acts as a seal (see fig. 7-24).

A bayonet-type probe is made of copper tubing, fitting, and bleeder cloth which
extends under the bagging matenal (fig. 7-25).

.,
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Figure 7.24. -Ty@s of Flat Vacuum Probes

Vacuum seal putty: A semi-cured plastic material having tackiness for holding and sealing the bagging
film during the cure cycle. This is the sealing medium between the nylon bag
film and The tool base.

7.11.1 VACUUM BAGGING SEQUENCE

The bagging sequence begins after the repair details have been assembled and fixed in position and the
thermocouples have also been attached in place. If convenient. the component may be positioned on
a table for easy access. Remove materials that have been applied temporarily to prevent comosion or
contamination. Recheck the visible repair details for proper fit and location.

Position and pin the fairing bars in place. Secure with nylon plastic film tape. Apply folded
pieces of bleeder cloth over any sharp comets or edges to prevent rotting or breaking the nyion
bag film.

Proceed with the bagging operation as described in the following steps. A cross-section of a Small
repair bagged for cure is ilh.istrated in figure 7-26. Figure 7-27 illustrates a component being bagged

in a trend assembly jig (BAJ). Purchase d+ptions for equipment are included in section 8.6.
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Figure 7-25. -Bayoner-Type Vacuum Probe Used in Bond Assembly

Apply release film over the area where the adhesive flash or bleed-out may otherwise contact
the other bagging materials. Release film materials are listed in table 4-5.

If a heoting blankez is to be used. appiy a layer of PVC- or TFE-coated fiberglass cloth over the
miease film, to ict as a separator to protect the release fdm and to give more uniform heat
distribution. lden~ification of the fiberglass c~ot~ is gjven in ~a~le 4-5. If another method
of heating is to be used, proceed with. step 4.

Before installing the heating blanket. check it for broken leads or burned areas. If it is acceptable,
position it over the PVC fiberglass cloth. Secure both the fiberglass cloth and blanket in place
with high temperature masking tape,

NOTE : The heating blanktt shouid be a minimum of 4 inches
Iarger than the largest dimension of the repair detail
to provide even heat distribution.

Add 4 plies of bleeder cloth over zhc heating bianket or release film. Extend this ap~roximazely
4 inches on a minimum of two sides for locmion of the vacuum probe pads- The b~eedgf ?~ot$i
allows free flow of air over the in tire area. It also absorbs any, excess resin that may Wed
through or around the release fikrn. The bleeder cloth is identified in table 4-5.

.

.,
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Figure 7-26--00ss Section of Repair Bagged for Cure

5. Form an air barrier around the repair using vacuum seai putty. Place the heater leads and therrm
couple wires on top of the seal putty. Use short strips of putty to seal each !ead as shown in
figure 7.~~e The vacuum bag will sea\ lo this putty barrier. if a bayonet-type vacuum prObe is

used. place it in position before the bagging film is applied.

6- [f base-plate-type vacuum probes are used (fig. 7-24). position these on the edge areas provided
by the excess width of bleeder cloth (see fig. 7-Z9).

NOTE : DO NOT put the vacuum probe on bare metal.

Separate rhe top half of the probe from the base and set aside for later installation. If the
surface is sloping. hold the base in position with high temperature masking tape. A minimum of
two probes shouid be used for the first 8 square feet of area plus one additional probe for each
additional 8 square feeL

-. . Cut a piece of bag@g film that is large enough to cover the repair area. Cover the area and seal
with the vacuum sea] putty. Start sealing of the nylon bag film at the center of assembly and
work in both directions to seal the nylon bag. Leave excess material for pleats and siack when
the bag is under pressure. Push all areas of the bleeder clock and bag down against the fairing
bars and toed face.

NOTE: Use special precaution when sealing mound the heater
or thermocouple (TIC) leads. as most leaks occur a t
these points.
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Figure 7-27. –Componenr Being Bagged in 8ond Assembiy Jig

,,, ,, ,.

~ Stripof sealputty

70010- oar: surface

Figure 7-28. – Use Stripsof PLWy to.Qa/Around I&acerand Thermocouple Lead Wires
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Figure 7-29. - Vacuum Probes Positioned on Bleeder CYorh at Edge of Assembly

8. Cut 3 cross in the bag film to allow the neck of the vacuum fitling to protrude. lnstali the
elastomer seal and the knurled cap.

9. Attach a vacuum hose to one probe and a vacuum sage to the other as shown in figure 7-30.
Adjust the aspirator pressure to 16 to 18 inches (8 to 9 psi). Check for leaks. Reseal m neces-
sap to obtain a maximum leakage mte of 1.0 inch Hg per minute. The ba~ed repair is now
ready for cure.

10. Connect rhe thermocouple wires to a pyrometer. Check to ensure that each thermocouple wire
is recording.

? 1. connect heater and vacuum leads as required. Place in the oven or autoclave for cure or cover
the b~gged a’ea with heating blankets and layers of insulation.

7-33



.

Figure 7-30.–Checking rhe Vacuum Assembiy for Leaks

Apply best and pressure. Moni{or these to ~chieve the curing requirements for theparticular
adhesive as nored in section 4.2. If the cure is made in an auzociave, when the positive pressure
resches 10 psi. vent one half of the vacuum lines to the exterior atmosphere. Pressure monitoring
tht other vacuum lines will indicate any abnormal pressure build-up under the bag film. If the
cure is made usin~ vacuum pressure. continuai{y moni~or the gages for leaks. if any .Zge shows
excess vacut.urnloss before the nmperature reaches 150° F. the curing procedure can be dis-
continued. the baS rese~led. and the cycle restart$d.

After the cure is complett. cool to 180° F before relieving the pressure. Remove W ba~ing
tmlerials.

.

WARNING: t$’E.$R HEAT’ INjUL.%mNG GLOVES WHEN
HANDLING HOT T(?OL.S AND ASSEMBLIES.
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70] ~ FLASH RE31OV.4L AND CLEAN UP

1. Remove excess adhesive. stuck tape. etc. with a sharp tool [ l/4-inch-wide wood chisel. extra

sharp). Take special care not to damage the metal surfaces.

1-. Wipe away dwt and chips with a clean dry cheesecloth pad.

7.13 POST INSPECTION

1. Conduct post repair inspection as noted in section 10.1.7.

7.14 SEAL AND FINISH

1. Seal per section 4.3.6 and finish per section 4.3.7 and the applicable aircraft T.O.

.
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S.0 TOOLS. EQUIPMEXT AND FACILITIES

The high-speed rourcr illus~rJ[ed in llgure S-1 is one O( the most versatile tools for d~,maged materhl

removoi. It nl~} be used [or the rcmovgl of both skin and core moteria!. A carbide bit is required
(or rou; ics tiloniurn. Thr rou(er is cotmmon]y used ~gainst a remplare ro define a srnoottt cut. .~n

The router may be either hand held or used
base plutd iypi~-~liy incorporates o threaded
dwn locked in position with set screw.

with a supporting bsse plate as shown in figure 8-2.
lock ring that is rots ted to adjust the depth of cut.

The

[t is

Figure 8.1. -Portable Air-Driven High SW Router
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Figure 8-2.– Typical Router SeUJp With Template

Router T(empiates

Simple. router templates may be made of metal. plastic. or plywood. The ternpk+te is attached to the
surface of the part with double-backed tape. Aliowance is made for the width of the collar thatis
used to guide zgainst the edg~ of the template (see fig. 8-2).

An illustration of a metal smip tempiate used for removal of damage to a spoiler assembly is shown
in figure 8-3.

A convenient universal template for cutting circular holes is shown in figure 84. The template is used
to guide the power router assembly while cutting out damage with a 1/4-inch router bit.

Dimensions for the router tempiate assembly are given in figures 8-5 and 8-6. Both the template and
ring can, be fabricated of 5AE 1010 steel (SAE 1015, 1020, ASTM A7-50, or AISi C-1018 optioml).

The four circular holes in the template can be used to rout holes up to 1.I.%inch diameter. To rout
out larger damage. center the template ring over the damage and tape it to the honeycomb panel
with masking tape. The template turns free ly within the ring. The heads oft he two screws prevent
rite template from coming out of its seat.

NOTE : AI] internal dimensions will have the set-back
distance added to the dimensions shown.

Start routing from the center. Place the guide of the router base in slot 1, start the router and rotate
the template clockwise while routing. A handle may be inserted in the tap hole to facilitate rotation
of the template within its seat. After cornple ting a circle with the router in slot 1 proceed to slot 2.
3. and so cm in the indicated sequence until all damage has been removed.



.

Figure 8-3. -Metal-Srrip Templare Used as a Router Guide to Remove Damage from a Spoiier
Trailing Edge

,- .
.’ ..- ,

Fi~L,re 8-4. -Air. Pavered Router and Variable Diameter Rouzer Templare
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Figure 6%.–Rourer Tempiate Assembfy Cornpcwen~ Rorating Plate
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Figure 8-6.–Router Temp/a re Assembly CWnponenrs-&pport Ring and Lock Screw
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Chuck

Modified high strength
steel hole saw (dia 1.00
to 4.00 in.) for aluminum;
carbide or carbide tipped
for titanium

See A

— -..
heat-treated

‘“yp’ “-

Y
%ndwich Tape bushing to surface
surface wit?r double-backed

Cioth tape “

Lozil
-++O.10 in.

A

Figure 87. -Hole Saw and Guide 8ushing for Removing Sandwich Skin Material

The saw may be either power or manually opermed. It is typically guided by the use of either a pre
drilled pilot hole or by a guide bushing. The use of a pilot hole is convenient when concentric holes

are to be cut in opposite sides of a sandwich panel. The guide bushing is locally made from 0.75-inch-
thick tool steel. The inside diameter of the bushing guides the blade while allowing it to turn freely.

The bushing is attached to the smdwich surface with double-backed tape. The saw is used to cut

through the solid metal only. i.e.. IhrouS#t tht skin or skin laminate combination (see fig. 8-8) sub

sequent removal of the core is done either with a hig@sspeed router or o cor+cutting knife.

WARii13G: WEAR A FACE SHIELD OR SAFEIY GLASSES
WHILE USING TIIHSEQUIPMENT.

The operation may be performed similarly with a fly cutter shown in figure 8-9.



i Df2cemer .iY&2

Core to be removed

with a router or

core-cutting knife
\

Inner
/skin —

overlap distance for

/i

interior patch pla~e

(typically 1.0 in. minimum)

j—. Surf ace for
/

/

Pilot P’+Yh‘KU
r-- ‘--l

Skin material

1
II

I to be removed

‘77-’ ~ Hole saw

/ chuck

flush patch

..

“.

Figure 8-8.—Removal of Skin Using a Pilot Hole as Hole Saw Guide

.
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Figure 8-9.-Fly titter Used m Remove Skin Material for Repair

8.1.3 PORTABLE SAWS AND S.4NDERS

The reciprocating and circular s3ws. shown in figures S-1O and 8-11. are especially useful for cutting
the metal skin as well as the heavier metal pieces such as stiffeners or fittings (see section 8.5 for
supplier listing).

Another piece of equipment that is very useful is the high speed air motor with a sandingdisk attach-
ment. This, as well as other attachments. is shown in fi.are 8- I2. The sanding disk is especially
useful for smoothing the surface after pieces of core have been removed with a core-cutting knife or
other means. It may also be used for removing the heavier density core as shown previously in
figure 7-9.

8.1.4 SKIN PEELING TOOL

A tool that facilitates peeling o: the sandwich skin and doublers is shown in figure 8-13. The tool
is used similar to 3 S3rdine or coffee con key. The edge of the skin is placed in the tool S1OIand rolled

up (see figs- i~a and b). For wide strips or for nigh peel strength adhesives, it may be necessary to
cut the skin in~o strips with a tool such x the por~zbk circular smv described in the previous
paragraph.
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Figure & 70. –Porrable Reciprocating .%WS

.Ciijur%& ?1. -Porrabh? Circuiar % w
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8.2 C(IRE M.4CHINlNC AND FORMING,, -.

$.2.1 EQUUYMENT FOR SVRF.4CE M.%CHI?WXG

Typical equipment for surface machining large pitxxs of hone ycomb core is shown in f~ure 8-14.
This machine has both longitudinal and transverse crossraiis. The rail heights may be differentially
adjusted to permit contouring or to permit tapering (m ,shown in fig. 8-1 5).

The mac]~ne uses a rnultipl~ speed (7(MICI. 14000. and 21000 rpm) precision eleczric motor. This
allows the opexator to select a range of cutter diameters {I/2 to 3 in.) while maintaining a satis-
factory cutter peripfieral spsed. The feed rate is maintained at 50 to 200 feet per minute. The
cutter is the valve stem or “blogna slicer” type. These cutters are available in a va.tiew of sizes,
as shown in figure 8-16.

,4-

,
The sine plate. shown in figure 8-17. is used with the tort-cutting machine for machining wedge-
shaped d etaik. The piate provides a vacu.urn fact’ for mounting ~he core. The pfate surface can be
adjusted to the desired an~le (0° to 20°) to make the taperdd cut.

8-!0
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Figure 8-14.-Surface Machining Honeycomb tire

Figure 8-; 5.- Ta~r-Machining Honeycomb Core
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Figure 8-16. - Vzriety of Vaive.Stem- Type Care Curters

.“.,

.

for Skcuring Core
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X.2.2 CORE-FORMING EQL”!PtlEXT

S.3 PROCESSIXG FACILITIES

S.3. ! SURFACE PREPARATION TANKS

The type o~ [Qnks required for the various surfuue prepamrion procedures are described in section
~.:.~. P~it~ processing throush 3 surface prepmtion tank line are shown in fi.are 8-20. Details
such m [h< lank lining and solution temperature are listed for a typical system in table 8-1.

Solution makeup. operation. and processing pro~%dures me given in section 5.3. Requirements that
should be met concerning tank location and equipment are as follows.

Figure 8- ?8.-Forming Honeycomb Core With Farnham Pymmid Ro{l

013



Figure 8- f9.–Forming Honeycomb Core Wi~h Farnham Roll

l,.

Figure 8-20. -Parts Pro~gressing Through Surface Preparation Tank Line
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Table 8-1-– TVDiWl Surface Predation Tank Svsrem

1 December 1382

. . ., .-—

Function
Special

tank lining Temp, 0 F Agitation Vent Remarks

Vapor degrease None 188 — None Deactivated sxwer (DCCR)

Alkaline cleaner Mild steel 140=5 Air Push air

Rinse Vinyl paint 110 Air None DCCR .

Deoxidizer Lead 1s5s Air Push air Teflon heaters

Ist rinse WC Amb Air None DCCR

2f5d rinse Pvc Amb Air None DCCR

Phosphoric aad anodize Stainless *I Amb Air Ex Phosphoric acid fitter

Rinse Vinyl paint Amb Air None DCCR, tired water flow

Dryer None 140max — None

1. Locate surface preparation and dsying facilities remote from other activities and/or equipment
that emit contaminants detrimental to adhesion. These include but are not Iirnited to dusL
grease, oil, exhaust vapor, and pafiing agents.

2. Falters and/or traps shall be instalIed for removing airborne dust, moisture, and oil from all air
lines used for solution agitation and drying of parts.

3. All tanks other than water rinse tanks to be operated at elevated temperatures shall:

● Be equipped with automatic temperature indicating and regulating devices

● Be air or mechanically agitated so as to minimize all temperature and concentration
-mdients. The maximum temperature gradient measured from the hottest to the coldest
point in the tank shall not exceed 10° F

4. All instruments, gages, and regulators shall be periodically calibmted or tested within the time
limit specified by the applicable T.O.

5. Air cleaning devices (e.g.. drainage traps. cleaning separators. and filter cartridges) shall be
inspected and serviced at frequencies necessary to assure meeting cleanliness requirements.

B-15
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8.3.2 F’RIJIER .4PPLIC,lTION AREA

After preparation of the metal surfxces. it is important that they are not touched. even with white
glovts. until a!-ter the primer application. An o~-erhewi monorail system to which the parts can be
suspem!ed is one suggested method of providing ~ convenient means of tmnsporting the parts for
spr~y O:pplicution of primer dnd for suh:wquent bakin:. The wed uwd for spraying primer and baking
should be pressurized and temperature ;ontrolled. Primer may be applied in a dowmdmft spray booth
SLICII as tlxlt in figure 8-21 or in an open-fdced ivutcr wash booth.

The primer should be applied by a quiditled sprdy operator to a specified film thickness. The primed
purts are tiwn air dried and placed in ovens for twking the primer film. The film thickness may be
inspected \vith an eddy-current-type instrument called a “permascope. ” Other methods are the use
of an isome~er or o light section microscope.

8.3.3 CONTROLLED ATMOSPHERIC LAYUP AREAS

An example of an environmentally controlled adhesive application area is shown in figure 8-22.
The activity in the area is done by individuals qualified or certified in the techniques of adhesive
bonding. .411work is accomplished with white gloves and with no contamination.

~ o F freez,er until ready for use. AS the material is removed frOM theThe adhesive is stored in a --0
freezer it is conditioned to room temperature before unsealing the container. This preven ts moisture
from accumulating on the adhesive.

Adhesive film rolls can be conveniently placed on a roll stand where the film can be roHed out on a
cutting table and cut to the required size. When practical, the metal details to be bonded can be
used as the cutting templates.

1. General Criteria for Lay up Areas

The requirements for layup areas of structural adhesive bonding shops engaged in repair of
dwnaged aircmft assemblies should be as follows:

●

e

●

●l

Limits of airborne particulate matter. temperature. and humidity shaIl be as specified in
MIL-A-83377.

Airborne hydrocarbons shall br controlled by imposing operating restrictions. The number
used for identification of each class shall correspond to the maximum number of particles,
0.5 micrometers or larger. permitted in one cubic foot of air.

Controlled environment areas for bonding do not fall within the definition of ‘clean
rooms” according to FED-STD-209. The requirements for a “controlled area” room are
recommended as minimums.

Noncritical areas do not fall within these definitions.

8-16
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Figure &21. -Frimer Application in Downdrafi Spray 6oolh
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References:

FED-STD-201. Cleun Room und Work Station Requirements. Controlled Environments.

T,O.-OO25-2O3. Contamination Control of Aerospace Facilities. U.S. Air Force.

ASTM F25. MeIhods of Sizing and Counting Air Borne Particulate Contamination in
Clean Rooms and Other Dust Cent rolled Areas Designed for Electronic and Similar
Applications.

ASTM F50. Method for Continuous Counting and Sizing of Airborne Particles in Dust
Controlled Areas.

2. Controlled Areas

FED-STD209 and T.O.-OO25-2O3 should be used as a guide for the facilities construction.

The adhesive application area should be a separate. wtcfosed area. Special facilities should be
provided to ensure that the application area is dust controlled. Filtered air should be constantly
forced into the area to maintain the air pressure at a higher level than the surrounding area.
This prevents contamination substances from entering the dust-controlled area when the doors
to the surrounding areas are opened.

Unless otherwise noted, temperature and humidity should be monitored and shall meet the
following requirements. Any method and equipment may be used for monitoring that gives
assurance of maintaining proper control.

● Temperature 60° to 80° F

● Humidity 7(I% RH maximum

3. Equipment

●

●

●

●

●

Tables or work benches used for the cutting, core splicing, etc., should be mverect witi a
minimum of 1/2-inch-thick “’Adyprene” polyurethane sheet.

All other work tabIes shouid be covered with a suitable material to prevent darnage to any
component being bonded.

NO steam-heated or gas-operated vehicles or equipment shall be allowed in the controlled
area.

Smoking or eating shall not be permitted.

Repackaging of materials. filing. drilling. cutting. or -grinding of metals shall not be Permitted
in the controlled area.
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AI}muterials. parts. took. equipment. and other items to ‘m used in this area shall be
free of extrwwous dirt. grew. oil. talc. or wax before entering the controlled area.

.+11solvents used in this are~ sh~ll be contained in safety cans or other containers meeting
safety and Imzardous-materiubhartd ling requirements.

Electrically operated equipment may be allowed in the controlled area for short periods
of time only.

4. OF~eriiting Conditions

Restrict all unnecessary traffic.

The list of personnel approved for access shall be screened.

Cleanliness of parts entering the area shall be checked.

Protective clothing requirements shall be met.

NOTE : It has been determined that protective clothing must
be worn for the purpose of limiting airborne par-
ticulate matter generation by personnel. The use

of protective clothing also promotes a “controlled
area psychology. ”

Additional guidelines are provided in T.O.-OO-25-2O3.

5. Asea Maintenance

● Areas should be constructed t.o be easily maintained.

● Areas should be partitioned to ,help prevent drafts from carrying contaminants in from the
noncontrolled areas.

6. Personnel

● Personnel. inchtdittg supervision and maintenance, that work in controlled environments
covered by the above specification shall receive appropriate training in clean-room
or controlled area procedures.

* The personnel working in these areas shall be certified in clean-room or controlled area
procedures.,

● Authorizing obsemers shall be familiarized with pertinent procedures and. when entering
a clean room. be accompanied by a certified person. Their presence should also be
restricted to aisle zones.
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7. Respoi?sibi!ity’ for Inspection

● Unless otherwise designated. the quality control organization shall be responsible for the
controlled area meeting and maintaining 311 the criteria required for high quality bonding

operations.

● The amount or level of airborne particulate matter is determined by either the fallout.
volumetric. or automatic particle counter method at the option of Quality ControL

8.4 CURING EQUIPMENT .4ND FACILITIES

8.4.1 AUTOCLAVES

The purpose of the autoclave is to provide a means of applying uniform high pressure and tempemture
to a part for cure. It has definire advantages over the use of other methods such as vacuum bags and
heating blankets. The h@er pressure provides a su@or quality bond. The detail parts are better
consolidated for intimate bondiine contact.

Autoclaves should be operated by trained and certified o~rators whose task is to see that all safety

procedures are foIIowed throughout each cycle. Automatic recording and controlling equipment
are available and should be used with each autoclave. The autoclave should be equipped with
muItiple thermocouple recording and/or controlling equipment so actual pan temperatures cart be
monitored during cure.

Autoclaves are of various types and sizes. A larger size unit is shown m fwure &23. Heat is
provided by elecrncity, steam, or hot oil with air circulation. Pressurization is achieved by positive
air pressure or inert gas. The assemblies to be pressurized are seaIed under bagging f~ and either
vented to the oubide atmosphere or comected to a vacuum line. lt is important that pressure not
be directly applied to honeycomb assemblies without the film barrier, as the pmsure will latexally
crush the core.

Conventioml practice is to cover md seal the repair components after assembly for bonding. A
vacuum is then pulled on the assembly to hold the details in position until the part is moved into
the autoclave. Approximately 10 psi positive pressure is then applied by the autoclave before the
~acuurn lines are vented to atmosphere. Vacuum systems should be constructed so that they @tI be
vented to atmosphere or ~nnected to a gage system on the control console. The venting of vamurt
out let lines prevents a differential presmre from accumulating under the bag fiIrn. By monitoring
the vacuum gages the operator has control of the go/no-go cure cycle for any assembly.

● Differential pressure from O to 6 inches Hg (O to 3 psi) is allowed in the sealed area during
a cure cycle.

● If the differential pressure rises above the 6-inch-Hg (3 psi) maximum and the temperature
is 150° F or less. the cycle can be abcmed and leaks or other malfunctions repaired before
continuing the cure cycle.
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in some casts. ~o~bu~iiblt matcriuls ~rc used in [he 31J[oc13wduring c~re. For example. wooden
fairing bars ma}’ be used 10 keep ihc y?rts in position or 10 Ohwin proper prrss;:re Jislribu[ion. in

lhese casts. the use of an inert 93s in the autouluve is mandu~ory. The inert :US (COj or >~). when

required. may & produced by an exothermic WS generator. The esh~usi gses are typiu]ly uans-
femed to a compressor sys[tni where the ymes are compressed und srored in pressure vessels of
adequate capability for the p~rticular autoclave. Insert YM is ak.o recommended for high temperature
plastic laminating work {not covered in this document).

Curing ovens range in size from the small variety to larger Walk-in types. m illustrated in figure S-24.
The larger ovens are typically gas heated with an air circulation system. Ovens should be equipped
with a vacuum supply and multiple thermocouple connectors. These should be coupled with
automatic controlling and recording equipment.

Ovens may be used for the initial cure when vacuum pressure is used. They may also be used for

postcunng when the initial cure is accomplished in an autoclave under higher pressure.

8.5 ?iAND TOOLS AND MISCELLANEOUS EQUIPMENi

Tables 8-2 and 8-3 provide a listing of hand tools and miscellaneous equipment that are especially
useful if performing repair opentions on a bonded structure. in some cases, a source is given.

This is for procurement convenience. [t does not infer an endorsement of these particular suppliers
An alternate source may be used at the procurer’s discretion.

. .

Figure 8-24. – Large Walk-In- Type bring Oven
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Tool

Abmsive materiels

Angles, 90° ahrininrsm

6 lade, saw

Table 8.2. –Hand Took
-—. .-...—..

Manufacturer’s designation

Akrresive piid, rronwovwt,
nonmetallic MI LAA.99t32A

Scotcfibrite, type A

very fins, maroon

color

Abrasiva wheets, non. woven

nylon, r’%h’tformrd,type 3A

MIL,.w-fit3?9A

A h....:..- ..1-AL -. --- .
?’lIfl at.}vo L.IU1ll VI paper,

aluminum oxide, 120, 220,

320,400,500 grit, non.

siliconized

Abra$[ve discs, 2 in., 3 in.

dia,, 220, 320,400,500
grit, non.slllcoftized,

mechanical bck

Abrasiva disk hokfer,

SM3.T.4A (pad/stem) or ~

equivalent !

Emery cloth, fine grit

Assortwf sizes, sts~p $tock

Razor 3J4 in,, # 34-C

Manufacturer
.—

3M

3M

Any source

Standard Abrasive, inc,

19015 Parthenic St.

North Ridge, CA 91324

Any source

Commercial-any source

X.acto

4831 Van Dam St.

Long Island City, NJ,

11101

—... —

Federal stock no,
—... ..—

—..—

--- .- ..— ..-—

Remarks

surfaces torefnove orrjanic

surface finishes or light

corrosion

Use with sanding <fisk

Use with clamp wedge blocks w

repairs at edge of assemblies

Final sawing of extrusions

and skins

,.
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Table 8.2. -[Continued)

P
NJ
m

Tool Mrrnufecturer’s designation Msrnufacturer Federol stock no, Remerks

Blade handle, saw X.ecto#5 X+scto Handle for the # 34*C razor saw

4831 Van Dam St. blade

Long Island City, N.J,

11101

Block, sandiryf Metal or wood Commercial-any source Use with sanding paper to achieve

or in-house fabrication srflat finish surface

Bottlas, liquid dispensing, Squtreze.type, 16 OZ, #16067.1 20 V,W.R. Scientific Dispensing cleaning solvents end

polyethylene or equlv 600 So. Spokane St, liquids

Use spout cep, 26 mm, #tf.166S7 Seattle, We. 98134

or equiv

Brush, acid Commercial-any source 7920.00-225.

8005

Brush, paint 1.0 inch wide, short bri$tle Commarclal-any source For application of solvents, paste,
L solvents, or adhesives

Burnishing tool Metel, ssssortedsizes, spoon type Commerclel-any source 6120.239.8763 Use for burnishing scratches

Burrrlshing tooi 0.187 polyethylene Commercial-any source Use for burnishing scratches

Cetiophane 300 PT or 300 MD Commercial-any source

Chisel, wood 1/4 inch wide Commercial-anV source Use to remove edhesive flash

Clomps, C.tVpe Assorted sizes Commercial-anV source Use for mechanical clamping to

applv pressure to a repair, or to

wedge Mocks (if used)

Containers., 1 iiter # 13915.879 Sherwood or V.W,R. Scientific Mixing resins end potting

besrke~tvpe, equiv 600 So. Spokene St. compounds

polvethvlene Seettle, We. 98134

I-1
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Tab/e 8.2.–(Conthued.J

Tool Manufacturer’s designation Manufacturer Federal stock no. Remarks
—._ _ -. —

Containers, safety, Metal, Eagle 906-F L or equlv V,W.R, Scientific Holding used clothes with toxic

foot- lever-t ype 600 So. Spokane St. materials

Seattle, Wa. 98134

Containers, cardboard Nonwaxed, 16 oz liquid Commercial-any source Holding, carrying, or mixing wet

or dry materials

Cork sheet 0.1 25-in. Commercial-any source Use to distrib~tlo pressure over

area of a repair

Dividers, metal-marking Capacity, 8 inches Commercial-any source 5210-263.0376 Use for marking cutouts on

aluminum or titanium surfwcs

and detail fabrication

f.)rilki, hi-speed steel Number or letter drill set, 90°/ Commercial–any source For drilling aluminum

108° point angla

Drills, cobalt Number or letter drill set, 135° Commercial-any source For drilling titanium

point angle

Drill stop, spring-loaded Wedgelock DS. 10 Monogram Aarospace Fasteners For setting drill depth

Wedgelock 0S-20 2343 So. Garfietd Ave.

Wedgelock DS-30 Los Angales, Ca. 90040

Wedgelock DS-40

Fife, hand, flat mill 6-,8-, 10-, or 12-in. Commercial-any source Use for deburring and sizing details

File, hand, round 118., 1/4-, 3/8-, or l/2-in, Commercial-any source Use for deburring and filing holes

(rat. tai!)

File, brand, rotary 1/2-, 3/4-, or 1-in. dia round end Commercial-any source Use for removing metal and

honeycomb core

F Ife, hand, flat vixen 12- or 14-in, Commercial-any source Use for heavy rough cut in metal

removal

.



, .
I {!

P
As
w

Tool

F Ilttm, polarized

FIInnols, polyedlylene,

28 mm openin~, short

stem

Glovos, cotton

Glovos, insulatin~

Gloves, rubber

Hfrmmer, msschlnlsts

hall puatl

I-fammur, tappin(f,

Irrspeclion

lnk cartridges, marking

Knife, pocket

Knife, ptrtty

---- .“------- . . . . . . . . . . . . . . . .

Manufacturer’s designation

Phosphoric OCM

anodize sorter

3.in. dia # 3.2050-040

6.in. sths# 3-2050.084

6.in, sfla # 3.0266.088

White, untreator.f, fkrtless

Heal insulatiryf

Rubhar or nooprena,

surgeon’s

Fed, GGG4H.88, type 11, ckrss 1,

Stylo A, 802

(See fig. 10.7)

Marsh refiliers or equiv

2 blacfe

1.1/4 .inches wide,

FED, GGG.1C,00481

.--- . ...— —

Table 8-2. -(Continued)

Manufacturer

Wifco co.

6519 6th Ave. So.

Setsttfe, Wa. 98108

v.W,R, Scientific

600 So. Spokane St.

Seattle, We. 98 t 34

or Iocei supplier of

feboratory supplies

Cardinal Gloves Co.
Newark, N.J.

Any source

Any source

Commercial--any source

In-house f~bricatlon

Marsh Co.

Commercial-ony sourco

Commercial--any source

8415-O0.268-

63S3

8416.00.823.

7456

6120.242-3913

6110.018.0999

6120.294.4605

Remarks

For examination of anodized

surfoce for color cheryfe

Use Ior dispensing chemicirls,

solvents, or acitfs

Uso for handling cieane(i parts

or adhesives

Use for handling hot parts

Use to prolect Ilands frrrm

acid, solvents, olc.

Hend work

Inspection tooi

Uso in tnarking IJW\

Honeycomb core siicin!l,

adhosivo cutting, fiim cultin!l

Core4dicin0, compound.

spreading, or makino core

removo”l or rosin flash removal

——. -. —.-... ... ....... . .



Table 8-2.–/Continued)qr
M
a

Tool Manufiscturer’s designation Manufacturer Federal stock no. Remarks

W-:4,. . . . ..””. ”t.tn1.1.,s” ma -L-.-:-.-l ----- Ll. -l- n -—n. e:-l_ . . . . -------
,,,,,,=, ,tz. F-uta”, G “Jfl” f-1 ,wte~rtarttmt, Tagur maws drE?lllwl Gvm arty auul m Krrifa Thin care siicing, acihesive cuitiny,

5110-892-5071 film cutting, tape cutting, mist

Blades cutting or trimming

5110-293-2865

Type I

Mat, fiberglass 2 oz fiberglass or 7500 tooling Ren Plastics Can be used for laminated tooling,

mat 5656 S. Cedar fiberglass bleeder cloth, insulation

Lansing, Mich material, or a substitute tor

Osnaburg bleeder cloth

Hysol, (Div. of Dexter Corp)

15051 E. Don Julian Rd.

Industry, Calif. 91744

Micrometers, gaptype, 0,0 to 1,0 inch, adjustable stem Commercial-any source 5210-243-2935 Use for thickness measurements

certified of sheet metal and for inspection

operations

Micrometers, depth, 0,0 to 2.0 inches Co”mmerciai-arw source Use for measuring depth of honey-

cmtified comb core or assembly thickness

Needle, hypodermic 18 gage, 2 inches long, # BD-1098 V.W.R. Scientific Cut stem to length desired. Use

8ecton/Dickson 600 So, Spokane St, for resin injections to fill voids

Seattle, Wa. 98134

Pressure plates 0.125 and 0.250 eluminum plate, Commercial–any source Use for pressure application during

various sizes the cure cycle

6061-T4 alum alloy plate or equiv

Pqn, marking Refiiiable, felt-tip Esterbrook Pen Co. Marking of damage outlines and

identification of details

Phenolic sheet 0.125 template stock Commercial–any source Use for router templates

Ml L-P-16035

or equiv

bJ
w
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Table 8.2. -(Continued)

~Anti 1 Manufacturer’s dmlanntlon I Manufacturer Fedtwal stock no. Remarks. .FW. .. _.. _ .-7.—.-.-—--.“. .

‘Ipat, strolght tip # 629S0.002 or aquiv V.W,R. Scientific Use for injection of liquid adhesive

ned}cine dropper 600 So, Spokane St.

Seattle, Wa. 98134

‘Iastic sheet, acrylic 0.187 drill template stock or equlv Commercial-anv source Use for drill templates

MI L.P-6426A

~lastic sheet, myler 0,0076 in. wide, DuPont Use for making outline templates

660,f t roll for honeycomb core dewils

‘Iastic applicator P.A. 1 plastlc 3M Use for spreading, screerfirsg, and

smoothing of adhesives, resins, or

compounds

Plate, mixing 0.126 or 0.260 aluminum plate Commercial-eny source, Mylar sheet can he used as a

In-house shop stock substitute for mix in~ compounds,

resins, or adhesive pastes

Pliers, angla nose, Fed. GGG.P-00471, type 11, Commercial-any source 5120.540.2464 Manual use

muitiple hole style 8, class 1

Piler$, duckblll, 6.lncft Fed. GGG.P-471 Commercial-any source 5120.266.2160 Manual use

Plicrrs, naedle nose Fed, GGG.P.471 Commercial-any source 6120.926.7196 Manual use

straioht

Pliers, streight nose Fed. GGG.P.471 Commercial-any source 5120.223.7396 Manuel use

slip. joint w/cutter

Rlywood, indoor 0,250 template stock or aquiv Commercial-eny source Use for router templates

Rod, stirring O. 12!5.through 0.376Jn. dia Commercial-any source Usa for mixing or stirring Iicwids

steel, glass, or polyethylene and compounds



-. Table 8-2.–(Continued)

Tool

Roller

Router attachment

Router bushing

Router, motor

R!outer bits

Safety face shield

Manufacturer’s designation

Wood or hard rubber, 6 inches

long, 2-in. dia

Model t3RC-3C or CIF?C-3D

Collet, 9003 Nose, 9013,9022

Bearing, 9015 Ret. ring, 9016;

#881 390 complete, use with

model 1 lGLF-230/250 router

motors

#SP-310.31J or equivalent

Pneumatic, hi-speed, 20,000 rpm,

CIRC-3C or 3D or equivalent

Pneumatic, hi-speed, model

11 GLF-230 rpm 25,000, with

accessories

l/4-in, dia, 2. fiute LH spirai,

hi.speed steel for aluminum;

l/4.in, alla, 3-flute LH spiral,

carbide for titanium

Tru-sefe # 119-1 or

Safeline #6799(10 by 18.1/4)

or equiv

tvtanufecturer

Commercial–any source

Tool Group,

Dresser industries

6114 6th Ave. So.

Seattie, Washington 98108

Sheridan Products, Inc.
------ .
luwl t. r-ryde Park i3ivcf.

Inglewood, Ccl. 90302

Tool Group,

Dresser Industries

6114 6th Ave. S.

Seattie, Washington 98108

Tooi Group

Dresser Industries

6114 6th Ave. So.

Seattle, Washington 98108

Commercial–any source

Commercial-any source

Federai stock no Remarks

Roll out compounds, liquid

adhesives, or trapped air undw

films or cloth

Hand+outing of damagecl

material with router bit guide

that includes set-hack

dimensional

Use with QRC.3C ancl -30 router

motors

Use for damage removai; see

“Router Attachment” for ORC

Routers

Use #881 390 router attachment;

includes setback bushing

Use with any router motor

For face and eye protection

. .
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!2
item

C!aenar, vaetiurn

Countersink, microstop,

100° adjustable drlva

Cutter kit, horleycomb-

s.licar-type (toothless

circular saw)

Drill motor

Dr~ll motor, 90° Angle

Gatrge, air pressure

Gauge, vacuum

Table 8. –(Continued)

Manufs@urer’s designation

iridustriai-t~pw

modei #APN4423 (Tornado);

use a 666AL barrei as a dust

receiver

#t3300-iar9e, #6400-smaii, or
aquivsilent

Purchrwe 3-in. dia

Electric 600 rpm, modei 16C 1489

or equivaiant

Pneumatic, l/4-in. chuck,

modei #300f3.O or equivalent

Pneumetic, variabie speed,

model #lOL.1 201 B

or equivalent

O to 100 psi, model J4664 &

equivaiant
I

1

0 to 32 in, Hg

-. __––

anufacturer

Breuer E $tric Mff& Co.

Chicago,

Schriilo

Los Angales, Cai.

Commercial - any source

Dotco, inc.

Ohio Routs 18, East

Hicksville, Ohio

Chicago Pnaumatlc Tooi

t30mpsmy

8 East 44th Street

Naw York, N,Y, 10017

130tco,Inc.

Ohio Route 18 East

Hicksville, Ohio

Marsh instrument Co.

Skokie, Ill.

Marsh Irrstrumant Co.

Skokie, Iii.

Fedaral stock no,

5130-889-1840

Remarks

Clean up sanding dust and debris

Countersinking hoies for rivets,

straws, or boits

The cutter diameter decreases

due to sharpening

Conventional driiiittg. sanding,

or circuiar sawing

Conventional driiiing, sanding,

or circular sawing

To indicate air iine pressure

To indicate vacuum iine prassure

. , ‘
*
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Ti?ble 8-3. -{Conthuedl

f?
Gr
Ur

I tern Manufacturer’s designation Manufacturer Federel stock no. Rsrmarks

Heater essembly Hot air, 8F.4OO-10, or equhrelent Hermon-Nelson Div. Hot ek Mower to duct alr to

MIL-H.4607 American Enter Co. aree being cured

Mollnrr, Ill.

Heeter, eir 1000 to 2000 wetta, model Ma$ter Aopllance Corp. For heat. tacking edheslves, heat.

HGs 60110J Recine, Wlsc-mln drying honaycomb core or

Alternate

assemblies, warming compounds

Ideal Industries, h’rc. and/or resins

1008 Park Avenue

Sycamore, Ill 60178

Lamp, haating 260 to 300 watts, exploslonproof, Westinghouse Electdc Corp Low.temperature curing of

Tungstan or quartz tuba 1180 Andovar Park, West adhesives, potting compounds, or

Tukwilsr, Wa. 98198 rasins

Lamp, heating a$sambly 26 or 4014 #376G30 or equlvalrrnt Oeltrol Controls Corp. Lowtempereture curing of

2746 So. 19th Streat adha$ivas, potting compounds, or

Milwaukee, Wimonsln 63216 resins

Motor assambly, Arbor sew/motor Dotco, Inc. To cut away damaged material

pnaumatlc Ohio Route 18, Ea$t

Hlcksvilla, Ohio

Multltester Low current, low OHM, Kelvln. Commerc181 - any source Taking electronic measurements

bridge.typa

Peenlng toot, power l/4-in. stem {drill rod), slot Van Pak Products, Inc. Mekes usa of peening technique

end for flapper strip #1312 to shepa smell sheat metal details
MIL.B.1 170, typa 11, class E, (flapper strips only) to contour; use with Dotco air

styla 1 motor

Power supply, dc Regal Line model R 2518 un- OXV Metal Industries Use as power source for

filtered bench model R sedes dc 6404 N.E. Helsey phosphoric ecid anodizing

Portland, Or. 97213



Table 8-3, -(Continued)

Item Manufacturer’s designation Manufacturer Federai stock no. Remarks

Pyrometer, tempartNure @ to 400= F, modei 70323 or Thermo Electric Co. Inc. Use as temperature indicator

cgntroi equivalent Saddle Rock, N.J. during cure cycle

Recorder, temperature, Model #Yl 6305836-24 Honeyweii Measuring temperature at the

24.point, automatic Philadelphia, Pa. adhesive cure line by thermo-

chert-typa couples; 1 through 24 points

available

Recorder, temperature, Modei #122 Rustrok instrument Co,, inc.

1point, individual

Measuring one thermocouple
115 volt, 60 cycle Menchaster, N.H. on a line chart

printout, roller chert

R8anb81n+nr 5ir nraee**.n. . - =...”.-., “., p. ”..”.”
n +.. 19G .4 -.. LI *+ Mm fin.“ .“ ,.” pal. Isluuas 1 8-wLw/iv CA. Norgren Co. Measure and regulate air pressure
or equivalent Littleton, Coloredo

Regulator, vacuum O to 30 inch, Hg, model Conofiow Corp. Measuring vacuum at the assembl~
H.20WT-015 or equivalent Blackwood, N.J. 08012

i

* . .,

I
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Table 8-3, -(Concluded)

Itern Manufoctursrr’s deslgnotlon Manufacturer Federal stock no. Remerks

Scale, balance #l .996, 1.0 gram accuracy, or Shakeproof Div. Weighing compounds and resin

equivalent Illinols TooI Works, Inc. mixtures

St. Cherles Road

Etgin, Ill.

Sealant gun Air-operated, model 507 or Semco Seles & Service Inc. 6120.924.2872 Dispensing of fillers and sealants

equivalent 1313 Florence Avenue

Inglewood, Cal.

Shavar, micro.rivet.head Model 2T.406, adjustable, or Zephar Mfg. Co. Sheve protruding rivet heof.fs

equlvalant Hindry & Redondo 8hrd.

Ingelwood, Cal.

Sins plate 0° to 4S0 Incllnstlon from Brown & Sharpa Usa with core+ licing equipment
horizontal position

Spray unit Power unit, atomized w/glass Preval Sprayer Dlvldon Used to apply small amounts of

602 container Precision Valve Corp. liquid primer, edhesive, or resins
P.o. Box 309

Yonkers, N,Y. 10702

Temperature AS-TCC.2003, complete/ Alrllna Systems, Use with heat blankets of other
controller, console, exapt no connector cables; Adhesive Engineering Co. makes or as e complate package
portebla self,contelnad AS.TCC.6000, powar cable 141 t Industrlel including temperature recording

AS.TCC.7000, TIC cable Srm Cerlos, Cal. 94070 end pressure

Transformer, portable Verlable control 116 volt, Genitrel Radio Company Use with heating blankets as a

60 cycle, “Varlac” modal 13361 Armstrong Avanua powar supply

1701AK or equivalent Senta Ane, Cef.

Vacuum probe, quick Varx-ValVe, ##401 round base, Airtech International, Inc. Usa for evacuation of air inside
dlsconnact #401A rectangular bma P,O, 80X 3387 bag film .

26612 East Basalina

Sen Bernedlno, Cal. 924iM



9.0 TOOL F.ABR(CATION

The bonding tool basic~lly performs two functions for the bondirig operation. First. it maintains or

detem~ines the part contour. Secondly. it provides G base for fixing the deruils in pk.-e so they do
not shift during the curing process.

Three types of tools are most commonly used for repair. in the simpler case. &hetool t-nay provide a
rigid flat surface. Pin points may be provided to fix the details. .4n illustration of this type of tool is
shown in figure ?-l.

,-

?

Figure 9 I.-Flat Platen Tool With Skin Location Fixed With Pins

.

.

A second case is when the surface of the part is contoured. If the repair is not too extensive. a simple
tool may be required only in the repair area. An example of such a tool made of fiberglass is shown
in fgure 9-2. This type of tool is quick to fiibriate and relatively inexper.+.ive. Note that it does not
provide support for the entire component. 1nstructions for fabricat in: tools of this type are given
in section 9.3.
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Figure 9-2. - Typical Fiberglass Tool Being Used to Maintain Contour of Repair Details

During Cure Cycle
,,,

\lore substantial toolirig is commonly required where the repair is q uite extensive or the part is being
rebuiIt. In such a case, the tool surface usua:!ly determines the final part shape. A tool of this type
used for rebuilding a win: leading-edge section is shown in figure 9-3. During the cure. the assern bly
is fully supported in the bonding tooI. Cad piates and fairing bars are used to distribute the pressure
~rtd provide flxity during Ihe bond. As a res?~ir. the cure may be made M the original cure ?empem-
i~r~. T%? design of this type of too~ is discwwed in sections 9.2 arid 9.3.

Cart m USIbq wkwj in the design to ensure that the tool is sufficiently rigid to maintain the desired
part contour, As the pressure is applied. the assembly details must comply to the toolcontour and
not viw vcrw. %Iuch of this is ~ccomgiished while fabricating the pgrt ctetzils thernsehws. Thin,
single-co ntat:r~d skins and doubk=rs may form easily to the tool surface, Thicker skins. doubiers,
Un.dcOW fOr C?thtr K\?2n very large mdii wi]l require preforming. co~po~nd.contoured s~i~s and

core snci heavy sections wili require forming or machining to close zoierances.

9.2,
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Figure 9-3. -Metal Bonding TOOI (.&d for Rebuilding Wing Leading-Edge Section

9-3



9.1 METAL VERSUS F13ERGL.%3S TOOLS

Th+t [de-off betueen fitwrgkiss (sofr) took $nd metui (hard} [OOISis lmgely J consider~tion of cost
md tool sire. Tht t%ergkiss tool is rela[ivtiy intxpensbw md may sew: adequ~tely if the repair is
small or of modtrate size, 1[ can be tmde quite quickly by moiding it to the surface of an undamaged

PJr~ oc to ;i~~ s~rf~~e of ~ d~m%ed part ttl~t has been IeITIPOrWW cos~~eticslly treated. in the former
WW. the parts must be irtwrchangeabld. The probltm with soft look is that they are more easily
damaged rhfin the metal took and will warp with successive use. .% a generai rule, if the tool is to be
used to repair more than four parts. it should be supplementally stiffened to prwent warpage. It
shou~d be checked af~er each cure to be sure that no contour change has occurred. If over fifteen parts
we to be reipaired. it is recotnrnertdtd that a metal tool be used. The use of metal k also recommended
“for the fabrica tiort of very large took.

Where the frequency of use justifies their cost, metal took are prefemed. They are more durable and
rigid. The y provide a superior base for attaching such accessories as locating pins and faking bars.

Consideration should be given to obtaining metal took from the manufacturer. instructions should
be included on ‘how the took were used. Took are commonly reworked during the course of produc-
tion to accommodate part modifications. The airpiane serial numbers for which “tie too! is applicable
should be specified.

The retention of infrequently used tools may be a problem because of inventory control considera-
tions. in these cases, measures may be required to identify these took as a speciaI case in whklt

extended storage is jusrified.

The metal too! commordy referred to as a B.M (bond assembly jig) k used to locate detail parts artdlor
subassernb~ies in correct relationship to each other. within tolerance. It additionally provides or
pmnits uniform pressure application to the assembly during the cure cycle. Typical 3A-J’s for use in
air- or piaten-heated 3 utoc!avw me iihistrat~d in t-tgures 9-4 through 9-7. General considerations
regarding EIAJ design are M follows:

Material

Aluminum,. 6061, weldable. unpainted

Tolerance

One-third of ih~ production tolerance. unltss ot!wwise specified

%4
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Finish

125 rms on surfaces contacting the part or assembly to be bonded

General Design Criteria

1.

2.

3.

4.

5.

6.

7.

&

9.

10.

The BAJ must provide uniform heat transfer. bond line pressure, and configuration control.

The platen heat autoclave transfers heat by conduction from the p&ten surface through the BAJ
base to the curing assembly.

The air heat autoclave transfers heat by convection to the BAJ and the curing assembly.

Convection heated BUS should be designed to provide maximum air movement through the
tool support structure and to the surfaces that transfer the heat to the curing assembly.

Design the BAJ to rest the assembly on the aerodynamic or appearance critical surface.

BAJ’s are constructed from materials which resist distortion due to the thermal cycling, and have
a thermal coefficient of expansion similar to that of the material being bonded.

Tool materials must be free of porosity and of a quality sufficient to ensure vacuum integrity
during the entire bond cycle.

Working holes in aluminum tool details should have steel bushings.

Scribed lines, in the exces area around the assembly, maybe called out on the BAJ tool drawing
for locating edges of the pan detaik

For alignment purposes, sight holes will be required through tooling details that obscure the
alignment view.

Removable Tool Components

1. Removable tool components are positioned with locating pins. Vacuum blanket pressure applied
to these components usually provides suffkient clamping.

2. Rovide interchangeabdity between identical loose details and in hole patterns in details perform-
ing operations on the BAJ wherwer practical.

3. Minimize the use of screws and bolts that require removal or adjustment during BAJ usage.

4. The weight of individual removable mmponents should not exceed 25 pounds for ease of handling.
Fairing bar lengths should be a function of weight and strength. Long lightweight bars should be
divided into practical lengths for handiing.
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Fairing bars

K

1 December 1982

,,’

Note: This type ~f BA.J is used to accommodate assemblies that are flat or with
SIight contour. These B/U’s are machined from plate stcck of sufficient
thickness to ensure stability.

Figure 9-4. –Typical BAJ for Platen-Heated Autoclave

Part excess periphery

or l%iring bar outside

‘“’d ‘ine ‘“”’) n A> ‘w’ ‘in ‘oh

screw

.

/’ ‘;~:w@ - ......................
L’ Baseframe wel dment

Figure 9-5. - Typical BAJ for Air-Heated Autoclave Using Skin Preformed to Contour
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\ Ilx / \ .3min ,hi&;;:- ‘--
at 24 in spacing

~ Header

A

Figum 96.–Typica! BAJ for Air-Heated Autoclaw? Using Skin Frefomed to Contour
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IAq/~ Headers precut to contour
Skin partially formed
Weld skin to headers

&#.-#/ lKm Machine surfa~ contour

weldment

Figure 9-7.-Typical BAJ for Air-Heated Autoclave for Compound or Complex Contour

.
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!-
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Fait%: bars. removable from the B.-U, provide a smooth uansition for the vacuum blanket from the
bond assembly surface to the base of the BAJ. .4 [ypicd fairirtg bar applic~tion is illustrated in
figures 9.8 and 9.9.

The bar must be higher than the total height of the bond assembly to:

● Assure consistent pressure on the periphery of the bond assembly to reduce the chance of
crushing the core

● Contain the upper skin which. in most cases. is located by the fairing bar in order to reduce
the chance for the skin to slip up on the fairing bar

Faking bars on severe contour BAJ’s may require fabricated construction. Consider fibergias and
resin laminate, molded urethane for up to 250° F service, and ahminum for semice above 250° F.

NOTE: Fairing bars and other tool details may be coated
with a teflon coating or wrapped in release film to
prevent the adhesive from bonding to their surface.

II I

] ~ index pin and bushing

Figure 9-8. - Typical Fairing Bar AppJicazion



Figure 99.- Typical Fairing Bars Shown on Bonding Tool

9.2.2 PRESSURE BARS ANI) MANDRELS

Pressulm bars and mandrek transmit pressure to the lower bond line, and may support an upper
flange bond line and may locate the spar or edge member laterally. A typical mandrel application
k shown in figure 9-10.

Pressurt bars and mandrels must be dmigned to transmit the desired unit pressure.

CAUTION: Avoid Preswm Multiplication?!

They must be frm flcxating up and down.

Hear-resisting silicone-type rubber is used for facing prtssure bars and support pads where interface
tohmw? buiidup presents a problem,.

9-10
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‘0ndE?7frs::dre’+0.030 in

Y
relvllly war

~

Bottom VkW

Figure 9-10.-Typical Pressure Mandrel Application

9.2.3 VACUUM BLANKET’ SUPFORT DETAILS

Fairing and shroud details must be provided to support the vacuum blanket. Typical use of these is
illustrated in figure 9-11. Locate these details next to mandrek, along with fairing bars, and in
comers or openings in bond assemblies.

Consider the total pressures involved over the entire area when selecting material thickness and gusset
requirements.

Figure S 11.-Typical Vacuum Blanket Support Details
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9.2.4 HANDLING Provisions

Hoist rings on B.4J’s should be located so they will not interfere with loading and unloading the bond
assembly in the autoclave.

Generally. on the la~er and heavier convection-heated BAYs, lift lugs are attached to the sides of the
BAJ base structure or made a part of the caster support assembly. In this way, any overhead lifting
will not damage the top surface plate. See figure 9-12. Holes should a[so be provided for fork lifts
as is shown for the tooi in figure 9-13.

assembl Y
structure J

Figure 9- 12.–Typical Lift Lug Combined With C%ster Support Assembly

Convection-heated BAJ’s are commonly handled with fork lift equipment. When fork lift channels
are included in the BAJ design, cdl out 8-inch channels with welded keeper-straps near each end.
Locate fork lift channels to clear finger racks used to support the BAJ in the autoclave or in storage.

Removable casters are commonly used for moving convection-heated BAJ’s in the shop. The BAJ
design amd construction should include the caster support assemblies. Typical caster and caster
support assemblies are shown in figure 9-14. Supports should be positioned so that the BAJ surface
plate is approximately 31 inches from the floor.

9-12
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Figure 9-13. - Welded Bonding Too! Showing Fork Lift Hole-Pinned Details in Place

9.3 Fiberglass L.4MIXATE TOOL FABRICATION

This section provides a step-by-step fabrication sequence for lay-up and cure of preimpregna[ed fiber-
@ass tooling. The ‘wet lay-up’” system may be substituted if this is desirable. Information and
instructions for the wet lay-up process are available from suppliers of hi-gh temperature tooling resins.
Exampfes of these are:

● Ren Plastics ● Hexcel-Resolin
5656 S. Cedur 20?0 1 Xordhoff S~.
hnsing. Jfichigan 48909 Chatsworth, CA 9151 I

● Hyso}
1505 i E- Don Julian Rd.
industry. C.% ql ~-M

913
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f3AJ structure \ Ill

Caster assembly !

11
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1

36.00
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1
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,.

in.

Figure 9- 14.– TypicaJ Cower and Gsrt?r Support Assembiim

Tht procedure for fabricating the tool is briefly illustrated in figure 9-i 5. The detailed procedure is
as f’b:lows:

i. ~i~~~;rt~e J3mu:e~ pir~ or ~~ I.IH@~~g~~ dup]~~zte part KMy & used to mold the tOO1 surface,

.Assuming [he former k sekcted. inspect the damaged area for holes, nicks, protrusions. dents.
etc. Prepare the surface for filhg by removing a.]]the protruding fragments and smoothing out
other areas. Filler resins or potting compounds will be used to Iemporatily return the surface to

its origin~l shape. The ex~mple of ~ contoured surface panel with a damaged area to be filled

is shown in figure 9-16.

,.
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Figure 9- 76.-Fin Pane/ Wirh Surface i%rnage To Be Temporarily Fii!ecf ro Mold Bonding Too{
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; Machine. .@nd. file. Or sand [he surface [O a smooth. FJireci COntOL!r i.e.. the original COrltOur.-.

This is illustrated for the previously noted pwtel in figure 9-i?.

4. If the part has single-contoured curvature. it may be further smoothed out by covering the

defective area with 3 thin (0.020-in,) sheet of heat-treated aluminum alloy. Attach the aluminum
with double-backed tape. Extend the sheet beyond the repair artw. This is illustmted in
figure 9-18.

5. Position a layer of release film (FEP. TFE. etc.), nonperforated. over the aluminum sheet. sweep
out all trapped air and wrinkles. making a surface to surface contact. HoM in place with high
temperature masking tape.

6. by w, cut and fit a mylar template to the size of fi*%l=s fabric mqu~ed for tie l~~ate.

NOTE : When 3 ve~ large laminated tool is being fabricated,
the fiberglass fabric will have to be spliced by joints
butted together. In this case, a mylar template may
not be useful and careful hand measurement may
be req uired.

7. Remove the preimpregnated fabric from ref~erated storage. Condition to room temperature
before opening the sealed packaging (sec. 1.2.S).

Suggested supplier product designation

● IP81-F-i61-108 or IP43-F-161-108 prepreg fiberglass

Hexcel Corp., Coast Mfg. Co. Div.. 11711 Dublin Blvd., Dublin, Calif. 94566.

● USP-E-720E-I81, VolanA,orUSP-E-720E-143 Voian A, prepreg fiberglass.

U.S. Polymeric, Inq 700 E. Dyer Rd., P.O. Box 2157, Santa Ana, C&f. 92797

8. Unroil enough fiberglass prepreg to cover the desired tool area. Place the mylar template on the
material. Cut the 12 to 16 plies of fabric required to build up the tool thickness.

NOTE: The warp and weave orientation of the fiberglass
can be alternated to add balanced stiffness to
the tool body.

9. Position each pIy of prepreg fiberglass on the prepared part surface. Sweep out air bubbles.
wrinkles. and kinks. (A plastic applicator. P.A.- 1 made by 3M. or ewkilent. may be ~ful.)
Continue lay-up until all plies are in place.

9-17
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Figure S3-17. – Fin Panel With Damage Temporarily Filled and Smoo~hed
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Figure 918.-Filled Fin Panel Wirh Thin Metal Sheet Added for Addhional Smoothn-
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10

11,

12.

13.

i4.

15.

16.

1?.

18.

lf !!::: I:irnin:ttt ii smiler in S.IZCth~n ?ht pzntl periphery. J 4-ply dry 1500,0r ~500 fitwrgixs
;!t~t;: ~Irjp is ]al<j along Ih< ecige C)f the Ia:nirmtq to ~tworb the resiri bleed OQt. ~S~e fig. ~-!~.i

NOTE ; Tht 1500 Or ’500 fiber~ks ti~bric can be obtained
from the saint’ suppiitr M The prepreg mat~riai,

Purchsst in 1-1 ;2- or 2-~nch-widt rolls.

Cut iind position a layer of FEP or TFE perforated release film over the laminate and edge
snips. Ntwt position a layer of PVC- or l% P-coated fiberglass cloth over this film. This latter
is optional but where excess resin bleetd-out occurs, it helps break up the bond layer between
the perforated release fihn and the bleeder cloth <applied as the next layer).

PiaceIa thermocouple at each edge and end of the kimirmte. Securs in place with high temperature
masking tape.

if the part is painted. cover the remainder of the surface with a layer of FEP or TEE nortperforated
release film. This will act as a barrier between the paint and the covering layer of bleeder cloth.
There is a tendency of the paint to soften and stick to the cloth.

Cover both sides of the assembly with 4 layers of bleeder cloth.

Prepare the envelope vacuum bag as foi~ows:

a. Cut and fold a piece of nylon bag film such that the doubie layer is of sufficient size to
cover the assembly and have a minimum of 12 inches excess width aIi around the assembly.

b, Unfold the bag film and center the assembly on one haif of the film.

c. Install vacuum probes. An assembly ready for ciosttre is shown in figure 9-20.., .. .

Seal ‘the vacuum bag and complete che preparation for cure as outlined in section 7.1 I. 1. A
baggtd assembly ready for precure is show~ in figure 9-21. A cross section of the assembly is
illustrated in figure 9-22.

Cure irt an autoclave or oven as recommended by the prepreg manufacturer. Typically the cure
process is accomplished in 2 stages. In the initial stage, the laminate is precwed at a temperature
that is somewhat less (a minimum of SO* F) than the cure temperature of the part being used as
a mold. After the prectme, the laminate is removed from the part and post cured at a higher
temperature. A completed tooi snd repaired part are shown in figure 9-23.

After the cure. the laminate is checked for warpage.

.

--

Reinforcement can now be added to the too! in the form of beaded strips or webs of fiberglass cioth.
This is il!u~srrated in figure 9-24. Holes should be added to permit air circulation.
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Figure f7-20. -Fiberglass Bonding Too! Being 8aggea’ for Cure
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figure 9-2 1.-Assembly Ready for Cure of Bonding Tool
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p 4 p~ies of bleeder cloth

1500 or 7500 fiberglass

(
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seal
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Figure 9-22. -Assembly Compcmenrs for fabricating Fiberglass Laminate Bond Tool
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Figure 923 -Gxnplen?d Fiberglass Bond Tool and Repaired Fin Panel
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Figure 9-24. -Methods of Stiffening Fiberglass Laminate Touts
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10. NONDESTRUCTIVE INSPECTION

10.1 GENERAL

.

.

This section contains a description of nonciestmctive inspection (ND1) methods that are particularly
applicable to the quality evaluation of bonded structural aircraft parts. These methods are directed
towards the detect ion of defects which, if left undiscovered. might prevent the parts from fulfiIhng
their designed functions. These methods provide a geneml guide based on past experience of
engineering and in+ervice surveiMance.

The typical or most commonly used techniques are inciuded. Other techniques maybe equally
applicable. Responsibility for selection of techniques for a particular application rests with the using
facility. Genera) NDI procedures techniques, and terminology are T.O. 33 BI-1. The -36 T.O.’S also
provide NDI instructions for the inspection of airplane shuctures. AnY deviations from these docu-
ments for a specific aircraft should be approved by the responsible engineering agency.

lt is important to note that all NDl techniques are comparative (i.e., they give indications of one area
being different from or the same as another). Reference standards are used by the inspector to
evaluate changes that might indicate a defect. Care must be taken in the interpretation of change
indicatio~ however, since they may be due to changes in the structures (e.g., a foam splice, tapered
cofi, them-milled skin, or excess adhesive), the inspector must be fadiar with the internal construc-
tion of ‘he part to distinguish between defects and legitimate sbuctural changes.

10.12 HOW TO USE THE NDI SECITON

The N’Ill instructions are presented in two categories. These are pmrepair evacuation and postrepair
examination. The instructions for prerepair evaluation are listed in section 2.0, Damage Assessment.
The selection of the proper prerepair NDI technique may be done per tables 10-1 and 10-2. A guide
for the post-repair examination is given in table 103. The subjects of ND1 method applicability,
personnel qualifications, test standards, deftitio~ terminology, and 3JDI symbols are discussed
briefly as applicable to this manual.

10.1.3 TERMINOXDGY AND D~ONS

Bondline-A layer of adhesive such as one located between two pieces of metal or between a metal
face and honeycomb core.

Corrosion-A breakdown of the metal surface due to an electrochemical reaction. Almost all metals
are subject to corrosion. Corrosion may be present in parts exposed to water and moisture, in parts
without protective coating, and parts where dissimilar metals come in electrical contact.

Couplant-A sound couplant is a film of oil, grease, or water applied to a surface to provide a path
for the passage of ultrasonic vibrations between the sound transmitter and the part being inspected.

101
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Table 10- ?.–Prerepair Defect Inspection Methods

●l preferred

aI Alternate

Cl Limited alternate ...
m
c.-
m
a,
:

z
a

5’
Moisture. oil

Core corrosion

Core crushing

Face sheet delam

Back sheet #eiam

Void, porosity

Skin cracks

Face sheet corr, internal

Moisture, oil

Corrosion

Core crushing

Face sheetdelam

Back sheet delam

Void, porosity

Skin cracks

Q

o
0
0
0

0

●

●

●

o

0

0

0
0

0

0
00

0

0

. . . .
0

0
D

o

0

0
●

●

●

a
o
D

o
—-

D
n

0

Q

—-

0—-

0

Metal-to-metal

honeycomb

sandwich

0

0

●

0

0

0
0
n
0

,..

-G-
0
0

●

●

●

0

0
0
0

0

0

.

0

00

●

Metal skin-tlo-

rmnmetal core

honeycomb

sandwich

Face street cxwr, internal

Bondiine corrosion o

0
0

0
●

*

o 0
Metal-to-metal

single Iamirtate

Delamination

Voids

Skin cracks

$ondhe corrosion

Delamination

Voids

Skin cracks

●

o0

0
0

0

0

0

0
●

●

o
Metal-to-metal

rnultilaminate

●

10-2



.

.

,.

?IIL-HD3K-337
1 December ::32

Table 10-2. -Inspection Technique Selection Guide

Type of structure Recommended inspection technique

<0.080 in.
TO detect 1 .in. dia defects. uw @ble
instruments (such as Sondicatm.
Harmonic bond tester, etc).

I To detect 1/2-in.dia defects, use high

I 1 frequency ultrasonics

<0.OW in.
To detect 1/4-in.-dia defects, use high
frequenqThrough Tran~*n
Ultrasonics ~U)

1

>0.080 in., <0200 in. To detect 2.in.dla defects, use portable
instruments

I I To detect 1-in.dia defects. use high

I 1
frequency ultrasonic

To detect 1/2-in.dia defects. use

>0.080 in., <0200 in. high fwquency Through Transition
Ultmsonics flTU)

i

<0.080 in. 1 To detect 1 -in.dia defects. use pmable
instruments, both sides

\ If t To detect 1/2-irtdia defects, use high

I 1
frequency ultrasonics, both sides

I I To detect 1/44n.dia defects, use high

t

frequenq Through Transmission

<0.080 in.
Ultramnics ~U)

i

>0.080 in., <02UI in.
To detect 24n.dia defects u= pomble
instruments, both sides

To detect l-in.dia defects, use high

f i
1

frequency ultrasonics. both sides

1
I

I To detect l/2-”mdia defects. use hgh
frequency Through Tmtsmission

>0.0S0 in., <0.2C41 in.
Ultrasonic (lTU)

<0.080 in.
t

i
To detect 1/2-in.dia defects in any bond line.

(
t 1 use htgh frequency Ttwough Transm.ksion

11111111111111~
Uttramnics (77U)

To detect l/2-in.dia defects in outside
L

f
bondlines. use portable instruments. both

<0.080 in. <3 in. ~=
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,TabJe 10-2. -(Continued)

Type of structure Recommended inspection technique

>0.080in.,<0.200 in. —

r

111111
r
r

“’”a

To detect I-in. -diadefects inany bondline,
use high frequincy Through Transmission
Ultrasonics (TTU)

To detect 1-in.-dia defects in outside

J

bondlines, use portable instruments,both
sides

>0.80 in.,< 0.200 in. — f.3 in.

To detect I-in.-dia defects in any bondfine,
<0.200 in. — use high frequency Through Transmission

I
Ultrasonics (TTU)

z;’’’’’’’’’’’’”~:

To detect 1.in.dia defects in outside
bondlines, use high frequency ultrasonic
both sides

A

To detect 2-in.-dia defects in outside

3 i: <0.200 in. —
bondlines, use portable instruments, both
sides

To detect I-in.dia defects in outside

L

<0.080 in. — bondiines, use portable instruments, both
sides

I
t !

I
To detect I-in.dia defects in center bond lines,
use high frequency t.ultrasonics, either side

[

t

1’
To detect 1/2-in.dia defects in any bond lirte,

<0.080 in., — use high frequency Through Transmission
UISmsoniG (TTU)

To detect l/2-in.dia defects in any bondline,

L

>0.080 in.,< 0.200 in. - use high frequency Through Transmission
Ultrasonics (TTU)

[
To detect 1-in-dia defects in outside bond! ine

n~ ‘ 1
use high frequency ultrasonics, both sides

t
To detect 2-in.dia defects in outside

>0.080 in., C 0.200 in. - borrdlines, use portable instruments, both
sides

●✎
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Table 10-2. -(Concluded)

Type of structure Recommended inspecmon wchniaue

<0.080 in.
+

To detect I-in.-dia defects in either bondline,
use pormble instruments. both sides

I I

:3 in.-
To detect l/2-in.dia defects in either bondline,
use high frequency Through Transmission

t 1
Ultmsonics (lTU)

t <0.080 in.

>0.0S0 in.,<0200 in.
4

To detect l-in.dia defects in eidrer bondline,

[ 1
use hqh frequency utrr=onics

3in. ~
H

I I

>0.@O in.. <0.200 in.

Crack-A break or split in the part without complete separation. Cracks maybe found in parts which
have been ground, heat-treated, fatigued, or stress-comded.

CRT {Cathode Ray Tube)-Provides visual dispIay of ultrasonic information.

C-scan-Plan view scan of the part showing defect size and location.

Defect-A discontinuity, or fault, that is detrimental to the seficeability of the part or material in
which it is contained.

Discontinuity-An interruption in the normal physical stsucture of a part. It may be in the form of a
crack, forging lap, fold, seam, porosity, disbond, etc. A discontinuity mayor may not affect the
usefulness of the part.

Deiarnination-17te separation of layers in a lamination because of failure of the adhesive, either in
the adhesive itself (cohesive) or between the adhesive and the adherend interface (adhesive).

Inclusion-Impurities embedded in the material in the forming stage. The inclusions can be deep in
the part or near the surface. Normally, they will not have an y effect on the strength of the part, but,
when they occur in areas of high stress or in certain special location% they may be cause for rejection
of the part-

Nondestructive inspection-Examination of structural parts and components for surface and subsurface
defects without damaging the structure. .

.
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Table 10-3. -Postrepair Defect Inspection Methods

Metal-to-metal

honeycomb

Metal skin-m-

nonmetal core

honeycomb

sandwich

Metal-to-metal

single laminate

Metai-to-rnetai

multi larnin,ate

Face sheet delam

Back sheet delam

Void, porosity

Void in potting

Core defect

Face sheet delam

Back sheet delam

Void, porosity

Void in potting

Core defect

Delamination

Voids

Delamination

Voids

——

——

—.

—

—
0

0

0

a
-5-
a

●

●

0
0

0
0
0

0
0

,0
0

0
0

-a-
0

0
0
0

0
0
0
0

0
0
0
0

0
0—
0
0

.

●
-

0

0

.
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Void-Any unbended urea which is supposed to be bonded. Many subdefinitions of voids are often
given, such as lack of adhesive. gas pocket. m~fit. porosity. etc. This section of the manual makes no
distinction between terms but -groups them in a general term “void’”.

The following definitions of levels of nondestructive test inspectors are from MIL-STD-4 100 and are
included here for convenience:

N’DT Level I–A Level I individual shall know the practical aspects of the oatified NDT method: the
importance of following procedures exactly and be able to perform operational type tests using
techniques specified by Level 11or 111personnel. He shall be knowledgeable of the cleaning and any
other necessary preparation of parts before or after inspection. He shall be proficient in setting up and
conducting the required test of the material, part, or assembl y.

NDT Level II-In addition to Level i requirements. a Level 11indivkiual shall be qualified to direct
and ~ out tests in the method certified. He must also be able to ~t up and calibrate equipment
(where applicable), read and interpret standards and speciikations and contracting agency documents,
He shall be thoroughly familiar with the scope and limitations of the method, and shall have the
ability to apply detailed techniques to products or parts within his limit of qualifications. He shall be
able to organize and report test results. He shall know practical theory and be familiar with utihing
techniques. He must be aware of the need for and the limitations of reference standards. He must be
familiar with the type and location of expected defects for the fabrication process used to make the

NDT LeveI III-In addition to Level I and Level 11requirements, a bvel 111individual shall be capable
of establishing techniques. interpreting specifications and codes designating the particular test method
and techniques to be used, and interpreting the results. He shall be capable of evahating the results
in terms of existing codes and specifications and shall have sufficient practicaJ background in
applicable materials technology to adst in establishing tests and acceptance critexia when none are
othenuise available. When applicable, he shall be knowledgeable in the other nondestructive testing .
methods He shall be capable of preparing, conducting and gmding examinations for qualif~gNDT
Level I, 11and 111personnel. He shall be able to determine if an individual has used the correct
procedure and to recognize the use of improper methods or techniques.

10.1.4 PERSONNEL QUALIFICATIONS

Nondestructive inspection of adhesive-bonded assembks is relatively new as compared to inspection
where other NDI is employed (e.g., penetrant and ma.gtetic particIe). The effectiveness of these
techniques depends on their proper application by trained and qualified operators. MIL-STD41OD
outlines the qualification and certification requirements for NIX persomel. Unfortunately, it does
not rover the requirement applicable to adhesive bonded assembli~ Until these requirements am
also incorporated in MIL-STD4 10. the responsibility to ensure qualified operators depends on the
user of these techniques. It is recommended that an equivalent of an NDI Level 111determine the
type of techniq ue to be used for pre- and postdamage repair inspection of adhesive bonded assemblies.
A Level 1 or 11inspector will conduct the NDI examination. The Level 11inspector will evaluate the
inspection results for determination of repair requirements or acceptance or rejection of the repaired

. . ... . . . . . . . .
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10.1.5 TIEST STANDARDS

There should be at least two basic standards. (1) metal-to-metal with a known void, and (2) metal-
core-mtta,l with known void, to check the functioning of the instrument.

Preferred Standards

Test standards to calibrate and standardize the bond inspection instruments are very essential. An
inspection technique is usualIy as good as the test standards. In ideal conditions, the test standard
with known, voids of selected sizes should closely duplicate the structure to be inspected. The
laminated skins should be of the same thickness and the honeycomb core should be of the same
thickness and density. Other variations such as tapered core, chemically milled skins and doublers,
etc., shouId be incorporated in the test standard. Except for implanted defects, the test standard for
adhesive-bonded structures should be fabricated in the same manner as the bonded assembiy. The
void or defect should be introduced in the same bondline as that to be inspected in the structure.
This is typically accomplished by replacing the adhesive patch with a patch of teflon or parting film
approximately the same size and thicknew, as the cured adhesive. Multiple layers of teflon or parting
film should be used to achieve the proper thickness and to assure that a true disbond is incorporated
(teflon or parting film will not adhere to itself).

NOTE : Teflon may bond to the part and not make a good
disbond. If this happens, the standard shall be
refabncated.

As an alternate, multiple layers of Kapton fiim have
also been suggested to create a realistic bondline
defect.

There are other methods of, qreaing voids WMChWe ~d some .SFCCXSLOne of thf= ~ to I?’E@L@~
area froml one of the metal substrates equal in size to the void. Another method is to replace a patch
cut from the adhesive with a piece of precured adhesive of the same size and thickness. A third
method. in the case of honeycomb, is to cmsh the core or machine the core so as to eliminate the
contact between the core and the metal layer. Replacing the adhesive patch with a patch of teflon
or parting film is prefemed.

Substitute Standards

When the ideaI teststandardsare not available, some other standards which are similar in structure
to the part being tested may be used. However, honeycomb standards shaIl not be used for metal-to-
metal laminate stnscture and vice versa.

h-qectim Without Standards

Whert standards are not available, a known undamaged area can be used as the standard. To inspect
the repaired area, compare it to unrepaired area. The instrument reading may change due to structure
changes resulting from the repair. Repeated inspection scam must be amciucted urt&r .varims-. ,..
instrument settings and the inspection should be verified by another type of instrument. A knowledge

10-8
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of the part configuration (i.e., number of bondlines, adhesive thickness, skin thickness, etc.) is
essential in interpretation of test results.

10.1.6 PREREPAIR INSPECTION

Most mechanically damaged areas can be detected visually; however, the extent and the outline of
any damage require a careful evaluation. The following guidehnes should be followed when applicable:

1. Oudine the darnaged area after visual examination.

‘?-. Verify and revise the outline by conducting a tap test.

3. Verify further by using a portable ND] instrument such as the Harmonic Bond Tester or the
Syndicator.

.
4. On metal-t~metal laminations, the Fokker Bond Tester can usually trace a well-defined outline.

Careful cleaning is required to remove the oouplant after inspection if this method is used

5. If there is a visible crack in the skin, the extent of the crack can be detexrnined by using an eddy
current inspection.

6. If the damage is in the honeycomb section, an X-ray examination should be conducted to
determine the extent of core damage and/or moisture in the core.

7. If the &mage is in the adhesive potting or foarn.spliced areas, an X-ray inspection is recommended.

8. If the damage is in a mukihminate area, through-transmission ultrasonic inspection is recommended-

9. If the damage is in the multiple bondline of honeycomb structure, through—trammm“ .on ultra-
sonic inspection is recommended. The exposed areas must be seaied off to prevent water entry.

10. Use tables 101 and 1G2 for selection of the appropriate nondestructive inspection tec~~que.

10.1.7 POSTREPAIR lNSPEmON

.

Postrepair inspection should be conducted to determine that no area has been left unbended and no
additional delamination resulted during the cure cycle. The selection of hiiT techniques should be
per tables 102 and 10-3. The inspection procedure should be guided by whether or not test standards
are available. The following guidelines shall be followed when applicable:

1. Conduct visual inspection of the repaired area for obvious defects

2. Conduct NDT with one or more portable instruments. The selection of the instrument should
be per tables 10-2 and 103.

3. On metal-t~metal bonded repairs (especially on narrow laminated steps) the Fokker Bond
Tester inspection method should be considered. ~
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4.

5.

6.

If the repaired area has adhesive pot’:ing or a foam splice in the honeycomb area, X-ray examina-
tion is recommended.

If the repaired area consists of multilaminate or multiple bondlines in the honeycomb area,
‘ultrasonic through-transmission is most defhitive.

When standards are not available. the repaired area may be compared to an unrepaired area.
The instrument readings may change due to structure changes resulting from the repair.

Repeat the inspection scan using various instrument settings and verify inspection results with
another type of instrument.

10.2 GENERAL DESCRIPTION OF NDI METHODS AND EQUIPMENT

10.2.1 MIETHOD SENSITMTY

Defect detection sensitivity between techniques with respect to defect size and location changes with
changing conditions such as part complexity, operator experience, etc. Most instruments may be
successful in detecting the majority of defects most of the time. However, in some instances special
techniq um and skills are needed to conduct a reliable inspection.

Figures 10-1, 10-2, 10-3, and 10-4 show relative capabilities of several techniques.

*~ ,
.1 .2

.

Total laminate (two sheets) thickness, in.

Figure 10 I.-l?elatite Instrument S@nsitivity+30nded Laminate lnspxtion
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Figure 1(M. -General Comparison of Inspection Techniques
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10.2.2 VISU.AL

Sondestruc!ive inspection by visual mcsns is by for the oldest and most economics) method. Conse-
queritly. visual inspection is performed routinely for damage xsessrnent and at all stages of repair.
[n some instances visual aids such as microscopes. borescopes. magnifying glasses, and other optical
devices are used to inspect ureas for defects tht are either inaccessible or cannot be seen with the
unaided eye. See ll~ure 10-5 for an example of visual inspection with the aid of a flashlight and the
correct angie of vision.

10.~.3 T~PiSG

Tapping inspection (fig. 10-6) is a nondestructive method for detection of voids or delamination in
bonded areas. When tapping any area using a tapping hammer (fig. 10-7), coin, or other suitable
object. a ringing sound is produced. The tapping rate is accomplished to produce a continuous sound
so that any difference in sound tone can be detected by a trained ear. This inspection should be
conducted in a reiativel y quiet area.

10.2.4 ULTRASONIC

Ultrasonic inspection has proven to be very useful for detecting internal delaminations, voids and
inconsistencies in bonded structure. The method uses sound waves with a frequency above the
audible range. The waves are induced into the part by a piezoelectnc transducer transmitter. This
sonic energy travels through the part. and any marked change in acoustic properties of the material
w-illaffect the sound traveling to a receiw”ng tt-a~ucer.

Eye above
ref 1-
Itght &am ,.- “~

1> \

surfaces m surface

Figure 105. - Visual lns~rion of Metal Surface
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Figure 10% - Tap- Testing Honeycomb Pane{

The information to the transducer may be displayed by a meter, or on an oscilloscope or chart. (Note:
This use of induced sound waves is in contrast to the acoustic emission method described in sec. 10.2.9
in which the sound waves measured are those emitted by the part itself.)

There :we basically three types of ultrasonic inspection instruments used for bond testing. These are
as follows:

e High frequency ( 1 mHz to 5 mHz)
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The high frequency method requires a cou.plant such as oil, grease, or water between the interface of
the transducer and the part. The units are quite commonly used at a fixed location where they are
used with recording equipment. Low frequency equipment is more popularly used where portability
is require,d. It does not require a couplant. It is. however, less accurate and typically does not
provide a permanent record. The resonant-type equipment, although general] y portable, does require
a couplar-tt. It is considered more accurate than the low frequency equipment for inspecting laminated
metal areas. Met hod selection may be made on required sensitivity and operator famiiiarit y and
preference. These methods are further described in following sections.

There are two procedures for inspection. These me either puke echo or through-transmission. The
pulse echo is nornmliy used as a single contact method and requires access to oniy one side of the
component. The sound is reflected off a surface and may be displayed on a meter or on an oscillo-
scope as a discrete signal for each reflective surface. The tecti~que can also be automated and a C-
scan recording made. It is usable on most materiaIs where the signal strength is such that a bsorption,
scattering, or reflection of so und significantly differs over good or defective areas of the Part. There
is typicdl y no permanent record of the inspection when the equipment is used as a portable unit.

I
Defect indications, however, can be marked on the part and evaluated by the inspector at the time of
inspection. Efficiency of the inspection i:; limited by part configuration. Normally, contact inspection
will fmd anomalies in the bond line nearest the probe only. It cannot be used for detection of defects
in bondlines beyond the honeycomb core. Depending on the material and the particular instrument
type, sensitivity often decreases rapidly beyond the f=t bondline even in laminates.

Through-transmission provides a more definitive method of ultrasonic inspection. This procedure has
the advantage of responding to discontinuities located throughout the depth of multilayer bonded
structures. One transducer is used to transmit the sound waves and the other to receive the signal
after it passes through the region of the structure being tested. Voids, delamination, crushed core,
or other anomalies in the structure attenuate the transmitted signal. The transducers must be aligned
perpendicukw to the part to assure maximum available ultrasonic signals. In the case of honeycomb,
the transdumr alignment must be as nearly parallel to the cell as possible. The inspection can be ,
conducted by a manual contact method cr incorporated into an automated scanner that is coupled to
a C-scan recorder. The sound attenuation due to irregukmities in the structure can accurately be traced
in plan iriew on the recording.

I High Frequency

I
High frequency ultrasonic inspection may be either conducted by the pulse echo method as shown in
figure 10-S or by through-transmission shown in figure 10-9. Several instruments are available.
Examples include the Immerscope, Ref!ectoscope, Krautkramer, Magneflux, etc.

I
The through-transmission procedure is quite commorily used for best defect definition (see fig. 10-1
and 1@2). The main disadvantages of th~ method are that it is time-consuming and lacks portability.
Other limitations me that the couplant (water or oil) must not damage the part, accw to opposite
surfaces is required, a continuous path must be available to conduct sound through the part, and the

,.

depth of a fiaw is not determinable if mc)re than one bos+line is present. In spite of these problems,
through-transmission ultrasonic remains one of the most reliable and sensitive methods for inspecting

.

,.
adhesive-bonded components.

. . . . . ..-.
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The Ihrough-transmission method wn convtniectl~ be st[ up to tiuto~~{iczily SUSHthe part xnci
produce a pian view record M shown in figurt” !0-1 1. The r<<<}idi::~~c~!c’>the rc~~tivc inienjity of

the signal through the p3rt. The Setup muy be u go no-go type re~.orlin~ or indic~te levels of intensity

This latter may be accomplished with a multicolor recordirg head. M shown in figure 10-12. or a
computerized method may be W&d where the printout is u r~riabl~ nun?kr or duriimxs. us shown
previously in figure 1011.

The scanning rates are in the vicinity of 6 in. sec for the bl~ck-und-~vhi[e recording xnd 1 in.~sec for
the multicolor. The latter is slower because of the response time of the multiple recording pens. An
increased coverage rate may be obtuined by use of multiktd transmitter’ receiver uni”s and computerized
methods.

Figure 10-8. -Operazion of Pulse Echo Llnir o.~ Mulzilaminaze Standard
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Low Frequency

Low-frequency ins~ection units (15 to SC kHz) IWWbeen deveioped especially for honeycomb bonded
s!ructure. Their main tidv~nt~iws are portability and the fact tht ttw do not need a liquid or geiatin
coupltint betv.’cen the part and tmnsducer. Some degree of detection sensitivity is sacrificed over that
of the high frequtmcy througktransmissicjn units. as indicated in figures }0-1 md 10-2.

Harmonic Bond Tesrer. The Harmonic Bond Tester (fig. 10-13) is a portable Iow-frequent y instru-
ment using a single mansducer for inspection of metal laminations and metal-to-honeycomb bonded
structurt:s. The inspection is performed by the use of a coil which eiectromagrwticaliy vibrates the

Figurr? 10.9.- Water. Coupled Ultrasonic Through-Transmission Unit

IQ-18
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The Harmonic Bond Tester is suitable [or mpia monual checks of the repaired areas. Tine probe size
{upproximtely 1-1’4 inches in diame[er by l-! ‘2 inihes high) limits swess to the ~rea next to rite
vertical sections Of h21s or tees. The skin next to the probe must have good electrical conductivity.
hence. it is most ideJ! for aluminum fuce sheet structures. The instrument sensitivity for void
derection decrmses rapidly for skin thicknesses over 0.060 inch and near the edges of the part.

Qmiicaror.-l%e Sondic3tor (fig. I G] 41 is J pulsed tmnsmitireceive ultrasonic portable instrument
that is =pable of opemting in a very low acoustic frequency range.’25 to 50 kHz. The instrument
operates within this rmge at a single frequency. This is selected by manual tuning for best instru-
ment performance. The instrument is used primarily to detect delamination of laminar-type voids

Figure 7070. - Through- Transmission Inspection Using Warer Column as Coupling Agent
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The Sondica[or transmits J short pLtke of sound into u part w?d then receives ih~ sound ofter it has
[raveled some distance ihrough the part. Duriny [his trwel. chunges in the part’s structure cJuse

ch~nges in theamplitude andjor phase (i.e.. time shift) of the received sound. The Syndicator detects
these changes in such 3 monner tbt the inspector csn tmnslatc them into the corresponding chxges
in the structure. (n manual appii~ation. the instrument hm limited uccsss to ueas next to the ver{id
seclion of a tee and hat. as limited by the size of the probe (approximately I-1{4 inches in diameter
and 1-1’2 inches high). Multipie bondlines and purt edges will reduce the sensitivity of the instrument.
The instrument probe is generally in mntact with the part sufiJce when inspecting from one side
oniy. When used in this mode the condition of the surface. such M fibergl~x rou.tiness or perforated

Figure 1012. - Through- Transmission Unit Printer Using Multicolor Recording
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Figure 10.13. -Harmonic i?ondtesrw Being Used ro !nspecr Honeycomb Componen r
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Figure 70? 5.– The Sondicaror Being Used ro Inspecr Honeycomb Panel by Through-Transmission
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Resonance Type

Fokker 5omf Te.wer. -The Fokker Bond Tester (fig 10-16) is a pormble instrument that opermes by
3 tmnsducer reson~nt rrwrhod. The system is a combination of ultmsonic and physic~l vibrating

technique% The Fokker instrument consists of two basic elements. The bulk of the instrument. or
its first element. contains the power plant and the driving mechanism as Wrenas the readout scales.

The second element is the tmnsducer or probe. which is made to vibrate atresonant frequency.

The instrument requires J couplant medium such 3s a tight oil or glycerine mixture. The necessity
for the removal of the couplant after inspection is a disadvantage.

The Fokker Bond Tester is especially adaptable to the inspection of bonded metal laminates. 1[ is
more sensitive for this application than the low-frequency instruments described in section 10.2.4.

-The instrument may discriminate between voids in multiple bondlines. The sensitivity decreases
below the first bondline. especially in the case of heav structures. In practice the instrument is
standardized on a face sheet or sheets of the same thickness as those in the bondlines to be inspected.
A zero reading is obmined on the s~ndard. When the instrument. thus adjusted, is applied to the
bonded joint, a shift in frequency and a change in amplitude are obtained that relate to the quality
of the bond. In use. the tmnsducer must be positively positioned as the reading is obtained. 11is
then repositioned for thenext reaaing. In this manner a defect may be plotted or outlined. On
mu[tiple metal-tmmetal bondlines. the inspection should be conducted from the side of the thinnest
outside adherend (fig. 10-17). Contact must be continuous between the probe and the adherend (no
bubblesl This instrument is not always sensitive on honeycomb assemblies. therefore it should be
used only if successful in detecting voids in the standard.

Radiography is a very useful NDI method in that it essentially alJows a view into the interior of the
part. Portable equipment is available. and in some instances inspection cut be done without
removing the part from the aircraft. In most cases, however, the @ is taken to the X-ray laboratory.
This more readily allows access to both sides of the pafi and alJows the part to be placed in a position
where it can best be inspected for a particular defect.

.

The technique provides the advantage of 3 permanent film record. On the other hand, it is relatively
expensive. and speciaI precautions must be taken because of the potential radiation hazard. When
inspecting with a radiographic method. use trained personnel and verification standards. Conduct a
daily check of the film-developing solutions. Do not bypass mdiation ~fety requirements or attempt
to reduce inspection time by increasing the kilovoltage.

Conventional Radio~phy

This inspection method utilizes a source of X-rays or gamma rays to detect discontinuities or defects
through differential densities in the material. A typical Etdiogrdp!?ic exposure setup is shown in

1025
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Inspect from this side
for bondlines I and I I

I

.

Adherends
0.020 in.

1

?.020 in.

II .

0.020 in.

Ill

~o-”in”
~ Inspect from this side

for bondline Ill

Figure la 17.-Proper Fokker-Bondtester Inspection Proczdure for Multiple Metal

Laminate Boncfiines

fgure 1018. Variations in density over the pan Mea are recorded by various degrees of exposure of
the films A standard (Penetrameter) having various degrees of density is used in the scene to indicate
that proper exposure and resolution have been obtained.

Since the method records changes in total density through the thickness. it is not a preferred method
for detecting defects such as delamination that are in a plane normal to the ray direction. It is the
most effective method, however, for detecting the presence of water in honeycomb core cells It
is also very effective in identifying core that has been dslocated or damaged or voids in bondlines
parallel to the ray direction. Various types of defects that are detected by X-ray are as follows:

Water in Core Cells.-Water in core may be detected radiographically when the cells are filled to as
Iittle as 10 percent of the core height. Detection sensitivity is dependent on the sandwich skin
thickness and radiographic technique. A problem may occur in the ability to determine whether the
suspect area indicates excess adhesive, filler, or water. Water images usually have the same film
density from cell wall to cell wall. while adhesive or filler images may vw in film density within the
cell or show indications of porosity. A radiograph of moisture in hone ycornb is shown in figure 10-19.

Crushed Core. -This condition maybe associated with a dent in the skin. Crushing of the core
greatly diminiies its ability to support the face sheets. A radiograph indicating crushed core is
shown in f~ure 10-20.

Gmdensed Core. -This condition occurs when the edge of the core is compressed latemlly. This may
result from bumping the edge of the cure during handling or slippage of details during bonding.
Fwure ;@21 shows core that has been condensed by excess expansion of the adhesive at a core-t-
fitting splice.

1027
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Blo]r)i Corr.-This occurs ~frer u kg breuk or x a result of sudden ctmrrge of pressure in the bonding
cycle. The pressure chdnge produces :i side kKILiin# on the cell walls thtit can either distort the cell
WJ1lSor break the node bonds. Rw-iiogm!)!iiculfy t!~is is indicated m follows:

● Single ceil dxnage usually appears ICJbe round or $I!iptical with a partial node-bond separation.

● Multicell d~m~:e USLAY ~ppe~rs M a curved ~v~ve front of core ribbons that are condensed

together ( fig. 10-23).

The condition is most likely to occur at the part edge in an area close to the external surface where
the greatest effect of sudden change in pressure occurs. The condition is most prevalent wherever
there are leak paths such as gaps in the closure ribs to accommodate fasteners. or chemically milled
steps in the skin where the core may not fit properly. When associated with skin-to-core unbends, the
condition is detectable by pulse-echo and through-transmission ultrasonic techniques. The condition
is very readily detected by radiography when the X-ray beam centerline is parallel to the core ceil walls.

+==

/

i

I
\ X-ray beam centerline

normal to part and film

i

I

I

d~

I

I

1

I
Lead tape and
penetrameter

I

Film 14 in. by 36 in. I
Test part

,,;),:.:,,:$:;,,:,:y.~,:.:$~~:),:$-;.:,:......,........1 .....,..,,..::....,,,.:,,*,:.:.,,:.:,,.:.m

;’

*

Figure 10-18. - Typical Radiograph Exposure Setup
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● Tiw core muy be cur too small untl the :o~m does not cxpwd uni(orrniy to fiil the excess are~.
This ~.ordition is clc~rly depicted by [he m~iogmph in figure io-~~.

● The teaming adhesive con f~il ro expand ~nci surround the core ?angs. This is illustrated in the
rxlio:raph in figure 10-26.

Low Volcge Radiography (25 to 50 kv)

The use of conven[iond X-ray techniques is. in general. iimited to the inspection of the metal details
in the bonded assembly and the adhesive core splice material. The adhesive layer between the metal
fJying surfaces. or between the faces and the core. most commonly is a thin layer. This. m combina-

tion with the adhesive’s typical low density. causes it to be relatively X-ray tmnsparent.

Figure 10 19.-Radiographic Inspection Showing

Water in Honeycomb Core Cells
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Figure 10.20. -Radiograph Showing Crushed Core in Fioneycm??b Sandwich Pant?!

Several of the idiographic photos appearing in this section were provided by the McDcInneil .Aircraft
Cornpcny obtained umkr Air Force contract F336 i 5-75-C-5206.



In some CJses. houwwr. dense adhesives are used. and )(-ray [echniques can be employed [o inspect :Ee
bondiine. This greu[iy increases the degree of inspection that can be accomplished. .%!hesivw of
this type ore USWIIIYof v high temperature variety that contain a filler such m slurninum powder.
An example of this is the FM400 adhesive marlceted by American Cyanamid and used on the F-! 5.

Considerable work hus been done on bondline inspection techniques md in the development of
accompanying inspection standards (ref. I). Other than a dense adhesive. additional items that
are important in accomplishing effective bond line inspection are:

● A low x-r3y kV

.

● An experienced machine operator and film inteqxetor

ExampIes of types of defects that can be successfully detected in filled adhesives using proper
procedures are as follows:

Figure 10.21. -Radiogmph of Locations Where Cor&to-FiIting Splice Adhesive Has

Over-Expanded and Condensed Core

?031
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Figure 1022.- %diograph Showing Separation of
Honeycomb Node Bonds

,..... . .. . .... . . .. .

/ Figure IU23. .-Radiograph Showing 8{own Core \
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~Ve!Qi-!f)-.~leta!-Ra~~’s. -Disbonds of this type van occur when [he core is sligh[ly higher dxrn s closure
member. krck of pressure in tooling. or by air trapped in the dwsive prior to cure. Providing the
above requirements we mer. this type f13w’s ~re readily detectable h:- IOU Kilovoltage X-my techniques

(see fig 10-27). IF the flau’ is the result of insufficient pressure. the udhesive will be porous. as
indicated by dark spots. The lower the kiiovoltage and!or the thicker or denser the 3dhesive. the
higher the resolution of the flaw image. [t is claimed that. in geneml. the flQw size detectable by

radiography is smaller than that detected by ultrasonics.

Skin-t<ore voids at Edges of Chemically Miled Steps or Doublers. -This condition occurs when the
adhesive bridges or forms a gap at the edges of chemically milled or laminated steps or doublers. as
shown in figure 10-28. This is detectable radiographicaily as a dark line or an elliptically shaped dark
image.

Missing Fiilets.-As pressure is apphed during the bonding cycle. adhesive fillets are formed at the
edges of each honeycomb cell. [f pressure is not maintained properly or the adhesive is outdated,
weak or no fillets will be formed. This condition is readily detected by X-ray by directing the
radiation at an angle of approximately 30° to 45° with respect to the centerline of the core or
closure web. The fillets appear radiogmphica.lly as dark semicircles or hexagons in a gmy matrix with
the cdl walls forming vertkal intersecting white lines. Lack of fdlets is indicated by the lack of
semicircles or hexagons (fig. 10-29 and 10-30).

Figure 1024.- Failure of %amihg Adhesive to Fill Cbr&Splice Joint

1(X33
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Figure ?()-~s.- Radiograph Shawing Area #Yhere Foam Failed to Fiil Void Berww Fining and Core
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Figure 10.28. - Void ar End of Doubler Due m Improper Core Fir-Up

Figure 1Q29. – Radiograph Showing Lack of Filiering



No fillets in this area~ ~ G- fillet i~i~ted h-e

Figure 1(33. -Destructive Inspection Verifying Radiograph Indications

P/eutrcm &diogmphy

Neutron radiography is a nondestructive inspection tectmiq ue similar to X-radiq.mphy in that pene-

trating mdiation is used ;O obt~in viswl images of the internal form of an object. Xeutron radl-

.graphy complements X-mdiogmphy because absorption characteristics of most elements are essentially
reversed. Tltmnal neutrons are attenuated by light elements. As a resu!t. nondestructive inspection
can be made of Ii-ghtelements encased in or behind heavy elements. N:eutrons l@@ht the adhesive
material rather than the metallic structures seen by X-rays. A neutro.mph of a void in an adhesive
bondline is shown in figure 10-31.

Adhesive bondin~ de[eccs detected by netiIron radiography include adhesive voids and porosity.
abrtormal adhesiw fillets. and water. .+3 with .X-radiography. acutron radiography will not directly
derermine bond strength. however. voids. resin-s[amed. and thick bondlines show as changes in the
amount (mass) of the adhesive.

Available portable uniK using Califomium-. ’52 are capable of giving excellent results without

requiring special facilities or prepmiion beyond ttuit of m ordinary X-my examination. The
primary disadvantage O( the me[hod is the necessity for lengthy exposure times (in the order of
201030 hoursi.
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figure 10-3?. -Neutrograph of Voids in Adhesive 8ondiine

The eddy current inspection technique is applicable to the examination of elecmicaIly conductive
rnateria! for KIMdetection of irregularities in the structure. Thtse irregqhi~ies may be either physical
or metall urgicaL The technique irwolves inducing eddy cuments into the part. Their flow pa?tern is
detmmincd with a test coil and compared with a rest standard. The te&mique is most effective for
detecting irregularities near the surface. It can. however, be used for greater depths with decreasing
sensitivity. The greatest advantages of the eddy current method are ( I ) it can detect. with minimum
surface preparation. irreguMities concealed by paint or by dirt embedded in a crack, and (2) it does
not require a couplant.

The eddy current method is generaHy used for the detection of three types of defects. These are:

e Cracks

* Heat damage

10-38
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Fi,gure 1033. -E,zrerior Surface Eddy Current inspection for Cracks in Fastener Ht?les

10.27 HIC)LOGRAPHY

l%!ogrzz~lhyis a Iechniqu$ by which images an? reconstructed or viewed through the interference of a
r~fer~:itt beam with the inspection beam of a transmitted signal. This may be. optical as in the case

of Isstr iloio$mdphy or acoust’icai in the Cw of acoustic ho[ogmphy.

Acoustic FIolography

10-40
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Figure 1034. -Eddy Currenr Probe Inspeco”on for Crocks in fastener Hoies

Optical Holography

Optical holography is a method of recording the amplitude and phase of the optical wavefronts
reflected from an object such that. when reconstmcted. these wavefronts have the relative amptitude
and phase of the original wavefronts. Threedimensiona[ properties are con rained in the image of the
reconstructed wavefronts.

In practice a stress is appIied to the pafi and a hologram made of the stressed area- Slight movement of
the surface being viewed by holography during stressing may be detected and show as a defect in the
bonded part.

The main limitation of optical holognphy is the necessi~ to isolate the part and inspection syxtem
from extraneous movement.

10-41
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Figure 10-35.– Eddy Curren r Inspection of Fvse!age Skins for Faying Surface Corrosion
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10.2.S THERMOGR.~PHY

Therm21 inspection is ~wtful .!> Q me~ns ofdettc; i;?g bonding di<;on[inuities directly kwneath rt!~tively

thin. low thermal conductivity muterials. For thermul inspecrio:? to be effective. u temperature

-gradient must be established in [h< FJCC skin [hut mn be meosured or observed when the skin is hated
or cooled after heatin~. Disconiinuities appmr M local temper~[ure ch~riges in the skin. The thermcl
conductivity difference bei~vecn the OJCCskins and {he internal maferiats should ide~liy be Iawe for
the temperature thunges to be monitored in real time. T!ww chtin~ts nuy be detected by an infrared
monitor or by rest techniques employing substances [hat. when upplied to the test surface. unde~o
physical or chemical changes in response to the temperslure chitnses. The latter include: choksteric
liquid crystals. therma!ly quenched phosphors. thermally sensi[ive papers coated with organic pigrnenls
that meit over a small temperature internal. papers coated with a thermoplastic film containing micr~
scopic air bubbles. D3pers coated wi[h thermally sensitive dye prm%sors. and spray-applied dye
precursors.

T

The liquid crystals and processes which produce thermally induced dye reactions have more practical
application in bond inspection. The liquid crystals respond rapid Iy and reversibly to tmtsient
temperature changes and. when used by carefully trained personnel, they may be effecIive in conduct-
ing tests on relatively small areas. Large ma inspection of flat or simply curved bonded structures is
most easily performed thetmxtlly using tempemture sensitive papers held by vacuum or adhesive backing
against the test surface. The fulkize thermograph obtained by th~ method is easily interpreted and
may be presemed as a pemtmnent record.

10.2.9 ACOUSTIC EMISSION

k some instances. acoustic emission techniques have been more effective than X-ray, eddy ctment,
or conventional ultmcmics in detecting internal metal comosion and moisture+gmded adhesive in
honeycomb panels. The pficiple is based on the detection of sound- or stress-wave signals
mated by a material undergoing some physical or mechanical transformation. The equipment
consists basidly of an amplifier and a piezoelectric sensor with a resonant frequency .ti4h& low
ultrasonic .mge (175 kf-iz). The emission Ievel is recorded on a chart or meter. A visible tight

indicates when a predetemtined emission threshold has been exceeded.

llte process of scanning the inspection area is shown in figure 1036. Simple heating methods
employing a hot-air gun or heat lamp are used to incre- emissions from active comsion sources
and to create the stresses necessary to break moisturedegmded adhesive bonds.

Corrosion in aluminum honeycomb that was detected by acoustical emission is shown in fw
1037. Figure i038 shows an area that was detected where moistum had destroyed the adhesive
bond to the honeycomb core. TM defective area was not detected by previous X-ray inspection
because of the lack of standing water in the honeycomb.
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Figure 1036. -Acoustic Emission Hancf Scan Technique Using AETC Mode! 201 Signal Processor
and Ho 1 Air Gun Heating

*,
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Figure 1037. - Corrosion in Aluminum Honeycomb Core
Derected by Acousric Emission

Figure l@38. -Moisture. Oegfaded Area Detected by Acousric Emission
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The ttchnjque used to detect corrosion }n ~iuminum hon~ycomb structure has been described by
T. W. R,e[[ig a,rrdM. J. Fck?n in “.Acoustic Emission .Method for Monitoring Corrosion Reactions,”
X.%CEJournal, March 1974. This techniqut is briefly outlined below. However, a more precise
procedure is being formula~ed at this time.

This test is based upon the observation that the application of heat accelerates corrosion of
aluminum and results in an appreciable increase in acoustic emission. It is believed that the formation
of ?tyd~oym bubbks is.responsibk for this emission rare. Pm amplification of 90 to 100 db will
permit monitoring this emission and therefore the detection of corrosion. The took necessary
to conduct this test are an Acoustic Emission Technology Corporation Modei 201 Signal Processing
System and a hot air gun. The panel to be tested is heated to about 65’0C(150° F) by holding

the hot air gun within 2-3 inches of the surface of the panel for about i 5 seconds. The acoustic
emission sensor is placed a short distance from the heated spot. The detector is heid in position
for 15 to 30 seconds after heating to obtain a complete record of any emission in the heated
area.. The inspection is carried out on a 1Scm (6 inch) grid. .4n important consideration during
ttie tes:t is how the acoustic emission detector is held against the part surface. Since movement
of this detector can produce appreciable noise, care must be exercised in its placement and holding.
For this reason this test must be conducted by qualified NDE personnel.

Preparing Activity:Gx3todbns:
Army - .%!?. Air Force - ?~

Xavy - AS

)&r Torte - 20 Proj ecz: 8040-0437

Reviewing activieies:
Air Force - 99

.-

*U.S. Cm’=mmJy Pru!?mwGoFHKCE: 1g82-o-6oS-03b/529
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