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NOTICE

Wh en Government drawings , specifications, or other data are used for any purpose other than in con-
nection with a definitely related Government procurement ope ration , the United States Government
the reby incurs no responsibility nor any obligation whatsoever ; and the fact that the Government may
have formu lated , fu rnished , or in any way supp lied the said drawi ngs, specifications , or other data , is
not to be regarded by implication or otherwise as in any manner licensing the holder or any other
person or corporatio n , or conveying any rights or permission to manufacture , use , or sell any patented
invention that may in any way be related thereto.

This report has been reviewed by the Information Office , (ASD/OIP), and is releasable to the
National Technical Information Service (NTIS) . At NTIS, it will be available to the genera l public ,
incl uding foreign nations.

This technical report has been reviewed and is approved for publication.

~(
W. M. Scardino (AFML/MXE) H. Croop (AFFDL/FBS)
Project Engineer Proj ect Engineer

For the Commander For the Commander

a- co ~~~~~ ~zLq Li. ~4
A. Olevitch , Chief L. G. Ktlly, Chief 4
Materials Engineering Branch StructtWal Developme)(t Branch
Systems Support Division Structure s Division

4 Air Force Materials Laboratory Air Force Flight Dynamics Labora tory

While certain 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 ancillary materials have been included in this document for
information purposes. These materials have been found satisfactory for
the intended purposes. Other materials from other sources may be equal or
better.

Copies of this report should not be returned unless return is required by security considerations,
con tractual obliga tions, or notice on a specific document.
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FORE WORD

This handbook represents the final culmination of the work accomplished dun n five hases of
con tract F336 l5- 73-C-S~j j~ Adhesive Bonded Aerospace Structures Standardized Repair an k ,
by the B~~Ii~g Commercial Airplane Company, P.O. Box 3707, Seattl e, Washington.

~ ~~~~ I report was a I’ ~tehistributio~n documen I~er phase reports a~é as follows:
Phase U~AFML~TR•i5~L�1rPhaff 14h~ ~MLT~ -76-6�, Phase IV-AFML-TR-76-20 1 /AFFDL -TR-76- 131.

e~ë~i1~~~~~~orts contain the material and dT~~ i’~si~TTrth&Hed tti tlth +laii~Thl5~ Turther work
is being performed to optimize the phosphoric acid non-tank anodize method (PANTA) and to
provide additional adhesives data. This data will be submitted later as an amendment to this
Handbook.

The work was accomplished under the j oint sponsorship of the Air Force Materials Laboratory 
,
,,

(Project 7381/Task 06) and the Air Force Flight Dynamics Laboratory (Project 1368/Task 02). ‘ - --  ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Materials Laboratory, and Mr. H. Croop, AFFDL/FBS of the
Flight Dynamics Laboratory , were the Air Force project engineers .

Mr. J. E. McCarty was the Boeing program manager , and Mr. R E .  Horton was the principal investiga-
tor. ‘~ Th~r~oetnjje rsonnel who made technical contributions to Thej~ö~ram and their areas of
activity are as follows: M. C. Locke , Materials; M. L. Satterthwait , Manufacturing; and B. D. Parashar ,
Quality Control . ~._

_— - - - - - - —- —. . . - -

This work was performed in the period from 1 October 1973 through 30 September 1977. 
~- . - .

--- -‘
... ~~~~~~~~~~~ 

The Naval Air Systems Command (Mr. John Gurtowski) and the
Naval Air Development Center (Mrs. Gladys Hargreaves)
furnished support and coordination for this program.

Background data and information for this program were
furnuished during facility visits by Northrup ,
Rohr , Lockheed/Burbank , Lockheed/Ca., Bell Helicopter,
General Dynamics Ft. Worth , United Airlines , Pan
American Airlines, San Antonio Air Logistics Center,
Warner Robins ALC, Sacramento ALC, Naval Air Rework
Facilities at Cherry Point and North Island, Army
Repair Depot Corpus Christi, and Picatinny Arsenal.
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1.0 INTRODUCTION

The purposes of this handbook are ( I )  to provide standard methods for the repair of adhesive-bonded
aircraft structure and (21 to identify the materials that are suitable for various aircraft operating
environments. The objective in selecting the methods and materials has been to restore the part to its
original strength 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 evalua-
• ted. Items considered in the selection were suitability for use in the field and depot , strength , and

long time resistance of the bondline to various environments. The materials that were selected were
chosen because they are currently being successfully used and because their service performance has
been satisfactory .

1.1 CONTENTS AND LIMITATIONS

4 This handbook contains a description of standard methods for the repair of bonded-sandwich- and
metal-laminate-type aircraft construction. The items covered include prerepair damage evaluation,
preparation of the part for repa ir, 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 those used in the current aircra ft 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 1.0. In general , an equivalency or improvement in repair quality can be expected. The
handbook is . however , intended to supplement but not to supersede the specific aircra ft ’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 these
may cause problems such as operational difficulties
with contro l surface dynamics or structural deficiencies
in critical components or structura l failure. Devia-
tions from these limitations , extension of the methods,
or substitution of materials shall be defined or authorized
by the responsible engineering authority.
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1.2 INSTRUCTIONS

1 ,2.1 MANUAL USAGE

General

The general procedures for use of this handbook are as follows:

I. Determine the size of defect or the extent of damage. Procedure s to he used for damage evalua-
tion are covered in section 2.0. They are described in more detail in section 1 0.0.

2. Review the individua l  aircraft 1.0. for specific information and instructions for the type of
aircraft being repaired. These typically include the following:

- • • Structural criticality of ’ the damaged area

• Elm itat ions such as the maximum weight that  the repair may add to the structur e . 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
defined by the responsible engineering agency.

3. Determine the appropriate repair method. If the damaged area is relatively small , the recommended
repair method will he typical l y defined in section 6.0. If the damage is beyond the small 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.

4. Ob ta in the ma ter ials and equ ipmen t necessary to make the repair. These are listed for small
repairs in section 6.0 preceding the description of each specifi c repair method. They are defined
for la rge repairs in section 7.0. Specific materials that are to he used are further defined in
section 4.0. Tools, equipment, and facilities are described in section 8.0.

5. Prepare the area for the bonded repair. The repair method procedures describe how the damage
should he 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 bondin g surfa ces

6. (‘omplcte the repair procedures . Instruction s for bon ding . for subsequent surface protection and
sealing and instructions l’or inspection are given in sections 4.0 and 1 0.0. respectively.
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Other Information Sources

The information in this handbook covers standard repair practices for adhesive-bonded aircraft
structure. Information that is specifi c to the particular aircraft model such as repair limitations ,
construction materials , and service tempera tures are covered in the aircraft ’s repair manual.  Standard
practices for structura l repair . in general , are set forth in T.O. I - IA- I , Genera l Manual for  Structural
Repair , and other manuals 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 the latter case , the authorized manual shall govern.

Other pertinent information is available in various military handbooks and specifications. A list of
applicable specifications is given in section 1.4. Design properties of metals , including those for sheet ,
plate , bar , and extrusions and for mechanica lly fastened joints , may be found in MIL-HDBK -5 . The
properties of fiberglass laminates may be found in MIL -HDBK -I 7. Anal ysis 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
specifications for core materials are listed in section 4.0.

1.2.2 PERSONNEL QUALIFICATIONS

Repair personnel must be full y qualified in the preparation of repair mater ials and in the repair of
bonded honeycomb sandwich and metal laminate construction. Inspectors must he qualified and
skilled in the use of the repair and inspection equipment specit ’ied. Qualification requirements for
bonding technicians are covered in MIL-A-83377. Qualification of inspection personnel shall be per
MIL-STD-4 I OD.

1.2.3 WORKMANSHIP

The ability of the bonded repair to perform satisfactorily for the remainin g life of the aircraft is very
dependent on how well the repair is made , It  is essentially that the procedure s outlined in this
handbook be carefully followed and that all repairs he done in a good workmanship manner.

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

1.2.4 REPAIR ATMOSPHERIC ENVIRONMENT

Requirements for the bondin g repair environment are specified in MIL-A-83377 . The area where
surface cleaning of the parts is done should be isolated from operations that generate dust , oil
vapors , 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 wrapph~g for transfe r to the control led a tmosphere
Iayup area. The environment in the controlled area shall be as sp~cified in the previously referenced
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~p cci t i c at i o n , Operations that generate dust or other airborne contaminants  in the controlled area .
such as sanding or grinding ,  should be forbidden , Similar ly,  smoking or eating in the controlled area
should he prohibited.

Where practical , it is recomm ended that  parts he removed from the aircr aft t’or repair in the shop.
I t is recognized, however, that some repairs will  of necessity he made on the aircraft. In these cases,
special care must he taken to prevent the cleanin g solutions from contacting surrounding surfaces ,
e’~ u ’eialh ’ the surj a ct -s oJ hig h strength steels , or f ’rom entering crevices. Precautions regarding con-
t aminat ion of ’ (lie repair area during and subsequent to cleaning also app ly. Bonding of ’ the part
should he completed as soon as possible after cleaning to min im i t e  subsequent contamination.

1.2.5 REPAIR MATERIALS

All materials used in the bonded repair shall conform to app licable Government , or other acceptable ,
specifications . Care must he taken to ensure tha t materials requiring refrigeration maintain proper
temperature levels during transit  and u n t i l  placed in receiving storage. During storage, proper tempera -
tore and humidity controls must be provided.

Upon receipt . it shall be ensured tha t  materials  meet m i n i m u m  specification r equirements . This can
be accomplished 1w performing in—house t ests or 1w requirin g that the supplier furnish certified
qual i fy ing  test result s , A guide to those types of tests that should he conducted in—house is given
in section 4.o. All material shall be clearly marked to indicat e its storage or exp iration date. Out-
dated material shall be requa lified or discarded per the applicable control specification.

Instructions regarding material handling and storage must be carefully followed. Refrigerated
polymeric materials , e.g.. adhesives , p otting compounds. seakint s. etc.. must be allowed to stabilize
at room temperature before opening. The material  should he herme t ically sealed before be ing
returned to storage and the out—time recorded. Special prec aution s should he taken in handlin g
flammable materials,

(‘leaned and primed metal detail s , to he stored rather than immediately used in a bonded assembly.
should he wrapped in oil free Kraft paper , black poly ethy lene film , or a similar material as a protection
from deteriora t ion caused by ultravio k t exposure .

1.2.6 QUALITY ASSURANCE

An el ’fecti~e quali ty assurance program should be conducted concurrent wi th  the repair procedures
to assure satisfactor y end—item strength and durabilit y. Materials and material  handlin g should meet
requirements in the app licable specifications including prope r storage and adherence to shelf ’ life
stipulations. Processing steps should be carefully followed with emphasis on those items concerned
with maintenance of a proper ly prepared bondin g surface and good prefit of part detail s. Processing -

•

procedures should be checked at critical steps to assure specification conformance .

Aft er  completion , the qual i ty  of ’ the repair should be evaluated for approval 1w the responsible
maintenance personnel.
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1.3 SAFETY PRECAUTIONS

The following safety precautions must be str ict ly observed while makin g repairs or removing moisture
from the structure:

I ,  If the repair is to be made while the component is on the aircraft , the aircraft and repair cart,
if used, shall be sta tica lly grounded. Only approve d explosionproof electrica l equipment shall
be used. Electrical equip ment shall be groun ded while in ope ra tion.

2. When repairs are being made to a hole over a fuel tank area, the fuel tank shall be purged and
checked continuous ly for an explosive mix tu re . The repair are a shall be kept well ventilate d.
Special precautions should be taken while working with flammable materials. Firefi ghting
equipment shall be available during the repair operation.

3. Adequate ventilat io n shall be provided during the mixing and use of adhesives , solvents , and
cleanin3 solut ions. Avoid breathing fumes from these materials.

4. Always add acid to the water. Never add water to the acid . The solutions should not come in
contact with the skin and clothing. In case of contact , they should be washed off immediately
with generous amoun ts of cold wa ter. Always wear eye protection and rubber gloves when
using these solutions.

5. Wea r hea t insulating gloves when handling hot equipment and repair materials . Respirators
should be worn for operations creati ng excess dust , such as sanding metal or fiberglass.

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

SPECIAL NOTE S CONCERNIN G THE USE OF SOLVENTS

Because of the continued necessity to use solvents while accomp lishing bonded repairs , their
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.
Refe r to T.O. 42A 1-1-3 for any addit ional in formation.

Health Hazards:

1. If absorbed through the skin , solvents may cause dermatitis. They can dissolv e natural skin oils
and result in drying and cracking of the skin , renderin g it susceptible to infection. Solvents may
cause irritation and allergic reaction to sensitive individuals.

2. If vapors are inhaled , 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. Solvent s are harmt ’ul it ’ swallowed. Symptoms may he similar to those ol ’ vapor inha la t io n .

Minimize Personal Exposure

Personal contact wit h the li quid or inhalation of’ vapors should be min im i ,ed or eliminated by
engineerin g techni ques such as enclosure of the process or equipment. isolation of ’ operations a” d
use of ’ local exhaust ventilation and protective clothing and equipment , Personnel should :

I ,  Avoid solvent contact with the skin. Wear rubber or neoprene gloves when handling liquid
solvents . Other equipm ent . such as imperviou s aprons . sleeves , coveralls , and hoots . may he
necessary in certain operations.

2. Avoid eve exposure to liquid solvent , vapor or overspray. by wearing chemica l goggles or other
approved eye protectio n .

3. Avoid using solvents as skin cleansing agents. It ’ solvent contacts the skin , wash the affected are a
immediat e ly with soap and water and apply a skin conditioning cream. lotion or ointment .

4. Avoid breathing solvent vapors . Use solvents only in well ventilated areas . Use respirators such as
the chemical cartridge type. gas masks or airline fu ll-t ’ace respirators where there is a lack of
engineering control and hi gh vapor concentrations exist.

5. Avoid using solvents t’or unauthorized or unapproved purposes. Use only for purposes called
out in appropriate specifications .

Minimize Fire Hazards

l’o eliminate or minimi z e the danger of fire and conseq uen t destruction of ’ life and prop erty. flammable
solvents should be used only in areas approved and wi th  methods recommended by the local fire
safety author i t y .  These include :

All flames, smoking, sparks and other sources of ignition must he e l iminated from areas usin g
solvents.

2. Non—spark producing tools should be used,

3. ( ‘lothing or processes creating static electricit y should he eliminated or properly grounded.

4, All electrical equipment (l ights , motors , wiring. etc.) mus t meet the electrical and fire codes
for such locations.

5. Flammable solvents should be kept in closed containers and only in quanti t i e s  to sa t isfy
i I 1 L ’di Ot ~’ USC .

~~ . Provide adequate ventilation to prevent buildup of vapors.
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2.0 DAMAGE ASSESSMENT

2 . 1 GENERAL

The detection of detect s in honeycomb sandwich or meta l-t ~~nieta l bonded assemblies is an important
part of the maintenance program. it ’ a defect is detected ear ly. it may usually be repaired simply at
the field base, If allowed to propagate, it may endanger the safety of the aircraft or require a more
costl~ repair at a major repair depot .

The early detection of n’ r hole s where moisture can get into honeycomb panels is especially
important.  The prese ncL oisture will cause the th in  t’oil core to corrode, Freezing and thawing
of the moisture , either on the ground or during flight . may cause bond delamination. During high
speed flight , pressures developed by the moisture due to the high temperatures may destroy the panel.
It ’ there is a need to delay the repair , as a min imum precaution , any moisture should be removed and
t he panel sealed i m mediatel y ,

Littl e difficulty will he encounterc d in eva lua t ing  ex te rna l  damage. The blind construction of sand-
wich, however, make s it more d i f f i cu l t  to detect damage that is internal.  There are nondestructive

-‘ 
inspection methods capable of detecting much of thi s damage. These methods range from the ~imple
coi n-tapp ing method to the more de f i n i t ive  ultrason ic and X-ray techniques , Selection of the best
inspection method will  depend on several l’actors : acce ssibi l i ty,  type and size of defect sought.
permissible inspection time , operator capabil i ty ,  and equipment availability. The amount of damage
or size of defect tha t  can he sustained wi thout  repair and the urgency of repair will depend on the
criticality of the particular aircraft component. This info rmation 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- I .  A brief description of these is given in the
following paragraphs. A more detailed description of the nondestructive inspection equipment.
procedures , sensitivity , etc.. is given in section 1 0.0.

Table 2-1. —Applicable Inspection Methods for Various Types of Defects

Inspection methoa

Type of defect Visual J Tapping Ultrasonic X-ray Eddy current

External damage o o
Core’to-skin delamination o o o
Metal-to-metal delamination o o a
Internal voids o o
Distorted core o o
Moisture o
Skin cracks o
Corrosion o

2-1
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2 ,2 TYPICAL DAMAGE ASSESSMENT ME THODS

2 . 2.1  EXTERNAL DAMAGE

.-~ircra t’t s t ructur e , in general , is qui te  susceptible to mechanical damage due to its t yp i ca l ly  l ightweight
construct ion. I ’his is especially true of ’ sandwich structure which commonly uses thi n gage ~k 1iis or
core. Operational damage such as impact t ’roni runwa y debris , hail impact , or other service damage
is a common occurrence. 1)amage is also caused by contact of service and maintenance per sonnel
and equipment .

In most cases , mechanical ly caused damage is evident from visual inspection. It may be desirable ,
however , to more closely define the damage es ten t  in order to det ermine the repair procedure in
conformance with the repair manual  l imi ta t ions ,  Accurate damage assessment is necessary to
determine it ’ the structural properti es of ’ th e pa rt can practic al ly he restored and if it is more economical
to rebuild rather than replace.

Scratches

fhe detection and repair of scratches is important  t’or several reasons. Scratches seriously degrade
the metal ’s resistance to fati gue failure . Scratches that penetrate the protective coating leave the skin
unprotected from corr osion,

The length and depth of ’ the scratch and the proximi ty of ’ multiple scratches should he noted. The
• depth can be determined with  a depth gage. Whether the scratch has penetra ted the claddin g can be

determined by apply ing caustic soda (sec. ~.2) to the area. It ’ the clad has been penetrat ed . t he base

metal will turn black in contrast to the una t ’t’ected cladding. The caustic solution must subsequentl y
be removed by thorough rinsin g.

Criteria concernin g scratch repair may he found in the —3 T.O. manuals. Repair procedures f’or
small scratches are described in section ~.2 . More extensive repair procedure s are covered in
secti on “ .0.

Dents

‘the occurrence of dents results in a general weakening of the structure. l)ents in critical areas can
result in premature structural t’ai lure .

The existence of dents can be noted visually (fig. 2- I ). The diameter a imd depth should he measured.
The depth can he determined with a depth gage.

lf a brit t le adhesive was used in construction or if the skin is quite thick , the area around the dent
may he delaminated or otherwise damaged. This may he checked by tappin g or. more accurately.
with ultrasonic equipment.  Deep dents may he checked for cracks using an eddy current meter. It ’

a crack exists , the presence of moistu re can he checked using X-ray techniques.

Criteria concerning dent repair may he found in the particular aircra ft repair manuals. Repair pro-
cedures for minor dents are described in section 6.3. More exten sive repair procedures are described
in section 7.0.
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Figure 2-1. — Den ts in Surface of C. 141 Wing Trailing-Edge Panel

Edge Crushing

Edge crushing (such as tha t  shown f or  a weapon s ha door in tig, 2- 2)  can be detect ed v isua l ly .
Simila r to dents , the damage max’ extend beyond the obviously crushed area . . \  more precise det ’i ni-
lion of the damage e\ te nt  may he determined by tapping or ultrasonics. Speci fic cri teria t ’or r epair
of ’ edge crushing may he found in th e aircr at ’t repair ii~anual s.

Quite often , this type of d amage breaks the edge seal, ‘[lie panel should he checked for waler
• ingestion . ‘[his can be done using X—ra y methods.

Die repair procedures for crushing damage are covered in subsequent sections. Repair ot minor damage
is covere~’ in sections ti , and 6.5, Large repair is covered in section ~.0.

Punctures and Gouges

Punctur es and izouiz es such as th at  sustained by the (‘-1 41 auxiliary power unit (APU) access panel
shown in figure 2-3 may be detected visu a lly , The i~resencc 01’ moisture surrounding the pen etrat ion
area should he checked by X-ray.

Repair procedures t ’or re la t i ve ly  small damage of this  t y p e  are covered in sections (‘i 4 . t~.5 , and ~~~
Procedures for larger damag e repair ai~ covered in section 7.0,

Skin Cracks

Cracks commonly emanate t’rom fastener holes at panel edges or at f i t t in g  a t t achment  points. [h ey
also may parallel th e edge of ’ panels that  h e x  t’roni sonic fatigue. The arger cracks can he detected
visually either unaided or using optica l  magnification. Smaller cracks can he detected using an eddy
current meter. If cracks are detected . the presence of’ moisture should also be checked, This can
best he done using X-ra y methods.
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Figure 2-2. — F. 111 Damaged Weapons’— Bay Lower Door

(‘riteri a for repair of sk in  cra ck s are found i i i  t ime  airci’a t ’l r epair mnant i a l .  Procedures for the r ep air of
small ~‘rac ks are include d in s~’~ t io n (~, 4 I’i’ocedur~’s for larger damage are covered in section ~.ft

C ’\UT ION : 1)0 NOT Use l) yc Penet r a nt fo r (‘rack l)electi on as
This Wi l l Permanently (‘on tamina te Surfaces f’or
I3ond ing .

2. 2 .2 I N T E R N A L  DAMA GE

Inte rnal damage is qu i t e  t y p ic a l l y i i i  i l i ~’ foi’ ,ii ol ’ de lam in a t  ion s . cru shed cole . 01’ corro sion due to
inge sted moisture , Nondestructive inspection ( Nl)l ) le~’hui qties are effect ive in detecting I Itese ly pe~
ol’ damages ,

l)clamninations

l ) e l an l ina t i ons  at the  edge of ’ a part  such as t h a t  shown in figure 2-4 m a y  be appar ent  v i s ua l l y  or
dett ’ctc d by tapping or t i l t  rasotii cs , In t e r mi al  d e lamn i na  lions may ot’ten he detected by v i’,’v~ m ug the
p anel at  a low angle to the sur f ac e .  l app ing  is a convenient  and effective method tom’ locatin g tim e
larger vo ids ~ he n’ the ( ai ,’es are th i n ,  l app ing becomes less u s e f u l  where the t l e l a in ina t i on  is small
or t inder  th ick er  laces or nm u l t  ipk ’ doublers or near f i l l in gs .  For thes e cases , u l t rason ic  techni ques

24
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Figure 2-3. —Puncture in Honeycomb C~ 141 APU Access Panel
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sIut ) L ) l t f  be ti ’~,~’d , t l t i , i s o i i i ~.’ i m i s t u n m i e m i t s  s fmoiml ~l .ulso lie used to bet t el  d e f i n e  t im e botiiit ts of del ;umnm n .i—

l ion s toim u~l l ’~ t a j ’ p m i i e .  I li~’ii ’ .m i e  u i m . u m m s  t~ pes of t i l t i . i s o u i c  c~ i um p u uei i t . S~’~ei~i l oh th e  , t i s t u m u u i u & ’nt~

t i e  tf ~’scii b&’tl in sect mon 10.0. I lii ’ section .thso ~l escrml ’t ’s t l i ~’mu capabil iti es ~u ui&1 , m m i oums . u l i . i u l , t ~~’s a mi d

~t msa d~a ui t , mt ’ c s

( ‘ i t t c i m . t  h i m  repair of ~k’I a u i m i i m , m l i o u s  , t r c  f o u n d  mm the , m t m c m , t t  I r~’ p . t m m  m a n u a l .  Proc~’dume s  for t l u ~’ r~’p. u i t

of de tauiimm ,m t io n s . i m , ’ t ’ot i i i ~. I i i i  si,’i,’ t i O i i s  o.’t th rou gh ~ . 5 .m n d ‘ (1 .

/ /

- .

A F~~~
.

Figure 2-4, -Delaminatio ’i of Trailinq-Edge Panel

(‘rushed (‘ore
9

I loi1c\ ~‘om l’ core is ~‘spccm.mtl\ su sceptible to ciu shmi ng fr o imi concentm ~ut ed loads on th e  sandwk ’ h

sur face  t m~’ • 2 ‘S ) ,

~ depn’ ssmi ium in t i me pa nel s m m r l , m c e  may om ma not be evid ent  where  crui slie d core is p r e sent .  If t h e

co re has been f ’r ,u~’t tu r t ’d , th e  .tr e m w i l l  feel spi i lmg\  to hand oi’ finger pressure. (‘rushed come m mm.m ~ .m lso

be det ecte d with t i l t l , i s ( ’ 11 i¼ ’ t’l l t u i p l ) i e n t  1 im

Pro
~

’L’t h u i r e s  t o l  cru shed come repai r  are includ e d in s ec t ions  o~~ and ~ 0 .
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Localized pressure

Figure 2-5.— Localized Crushed Core

• Moisture

Moisture in honeycomb sandwich is a common occurrence. Moist air m a y  ent e r  th e panel on the
ground or during flight . At higher a l t i tud e s  where the  air  is colder , the moisture condenses and is
trapped in the honeycomb cells. Iii some cases the wei ght  of the water ma~ be q ui te  large and
actually impede the operation of’ a control surface.

In addition to the weight problems and high temperature aspects mentioned previously, the moisture
works to destroy the panel interior (fig. 2-~~h . The core t’oil is very t h i n ,  and even comparati ve ly

• light corrosion may significantl y 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 he done with portable equipment
or by moving the part into the laboratory. X-r ay examination is usually not done unless the presence
of moisture is suspected. Many of the panels exam m e d  may he a particular part from a speci f ’ic
aircraft model that  is known to have a chronic moisture problem.

The presence of moisture in pane ls may he suspected from exter ior  examinat ion ,  Quite commonly .
water will enter a panel after the surface has been punctured or gouged or the edge seal has been
broken by a hump. Ini t ial ly a major repair might have been prevented had a piece oh ’ tape been
placed over the hole to prevent moisture cut ry until the panel could be repaired.
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Figure 2.6.— Corrosion in Honeycomb Core

l’he prese nce of moistur e can be suspect ed ~‘here de la u u i na t  ion occur s near a pane l edge. l lh’ L’oti~l~’
tio n of edge seats shou ld be examined , Moisture en t r y  at loose f~m sle uer s is a comu lon occurrence .
M oisture may also enter  through a porous edge bond Ii i i i’.

l i i  so nic cases the  iulo i s(u m’ e remains absorbed in th e  adhesive lay er ra ther  than  condensin g in ti me
hone~’coi nb cells , If t h i s  causes t l e h a u u i n a t i o n .  the  damage mima v be dete cted by happ i n g or u l t r a s on i c s .
(‘orro siou on t lb ,’ under sid e of I he a h t i n i i u u m u i  ski mi has been detected most sucL’essf’uIlv by t lie use of
, i cous t ica l en m i ss lon  techniques.

( k’ncrahh v , w here moi st nrc is detec ted ,  f lu e panel should be opened up s uut ’t ’k’ie n f iv to de termine  t lie

ex t  cut of corrosion.

M o i sture  remova l techni ques are described in se c tmo u ~~~~~~~~~

• 2.8
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Corrosion

After an adhesive fail ure/d isbond begins , one of the major structural degrading factors is corrosion ,
Corrosion 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 aircra ft is usua ll y an examination for aluminum corrosion product s. These
corrosion residues are usual ly white  and rather powdery. Corroded honeycomb will have a dull ,
dirty appearance in contrast to the clean, often shiny, and uniform appearance of sound core. T.O.
1-1-2 describes most of the common forms of corrosion. On structura l surfaces corrosion may be an
exfoliation or genera l surface attack. If corrosion damage has occurre d , it is essential that all of the
corrosion products are removed. Corrosion in an aircra ft is like a cancer. If some is still present after
treatment , the corrosion will gro w and cause more damage. Corrosion treatment is defined in the
aircraft —23 manuals and T.O. 1-1-2.
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3.0 RE PAIR ME THOD SELECTION

A guide to the appropriate section for small repairs to honeycomb sandwich or laminated metal
structure is found in table 3-I . The use of these methods is subject to the limitations sti pulated 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 section 7.0,

In general , emphasis is placed on utilizin g methods that w ill minimize subsequent problems with
moisture and corrosion. The approach is to utilize well-prepared bonding surfaces , impermeable heat-
and pressure-cured adhesives , and adequately sealed panel or patch edges. The latter involves the use
of a minimum width peripheral bondh ine plus sealant.

The patch-type approach is generally most expedient and economical where it can be used. For
larger repairs or high ly stressed areas, however , it may be necessary to replace entire detail parts.
Rep lacement of the damaged details allows the component to be restored to its original strength and
surface contour.

Rebuilding or replacement of detail parts (e.g., skins) may be in order when high service temperatures
are encountered. This is because of the lower strength of the adhesives at the higher temperatures
and hence their limitations in transferring structural loads, If a patch repair is used in these areas ,
it may be necessary to resort to mechanical fasteners, possibly in combination with bonded doublers.
Allowable desigur 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 bearing strength.
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Table 3-1. —Guide to Repair Method Selection

Item Type of damage Type of struc t ure Applicable repair section

1 Scratches
Light scratches in aluminum All 6.2.1

Li ght scratches in titanium Al t 6.2.1
Deep scratche s All 6.2.2

2 Dents Honeycomb sandwich 6.3
Metal laminates 6.9

3 Delaminations Honeycomb 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
Throug h one skin Honeycomb sandwich 6.4 , 6.5

midpanet
Metal laminates 6,9

Through both skins Honeycomb sandwich 6.6
midpanel

Metal laminates 6.9.2, 6.9.3
Other Honeycomb sandwich 6.7

6 Edge crushing Honeycomb panel zee 6.7
edge close ’out

Honeycomb panel 6.8
trailing edge

7 Crushed core Honeycomb sandwich 6.5

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 info rmation pertinent to the selection of materials used when making repairs
on or off the aircraft. The materials are classified into genera l use classifications as follows:

• • Metal-to-meta l adhesives

• Metal-to-core adhesives

• Aerodynamic smoothers

• Injectable honeycomb potting compounds

• Splice adhesives: core-to-core , core-to-fitting

• Core filler/potting compounds

• Sealants/aerodynamic smoothers

• Honeycomb cores

• Glass fiber resin

The materials listed in tables 4-I , 4-2 and 4-4 are intended as guides in making repairs . No restrictions
are placed on the use of equally acceptable materials or equivalents except that their use must be
approved by the applicable authority, e.g., system manager or the aircraft structural engineer. THE
LISTING OF ANY TRADE NAME OR COMMERCIAL PRODUCT DOES NOT CONSTITUT E AN
ENDORSEMENT OF THE PRODUCT BY ANY GOVERNMENT AGENCY.

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

4.1.1 ADHESIVES , METAL -TO-METAL AND METAL-TO-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 (filled and unfilled) to facilitate various repairs . The adhesives
included in this handbook have been especially selected for their strength , toughness, environmental
durability, and processing characteristics.

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

I .  Room temperature (RT ) cure materials for 140 to 180° F service

2. Elevated temperature (up to 2500 F) cure materials for 180° F service

• 
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3. Room temperature cure material s for 3500 F service

4. f l e ~ated te rn p~’r atu re ( u p  to 3500 F~ cure’ materials f ’or 350° F se’rv ee

~~ . Eleva t ed temperature  (up  to 3500 F cure materials for 4000 ~: service

Materia l  selection criteria are based on various parameters influencing the repair. Within each typc of
mat erial . the upper service temperature  and cure temperature , together with the strength properties
requirem ents . a re considere d pr i ma ry fac tor s aff e ct ing material  selection. The followin g items should
be’ noted and used as guides:

Regardi ng the m a x i m u m  service t emperature:

• Requirements  for t h e  air crat ’t a re det’ined in the applicable aircra ft TO.

• A temperature 01’ 1 80° F is gen erall y app licab le to subsonic aircraft such as transpor ts .
Except ions are the high heat areas around the eng ine and the auxiliary power unit (APU ~.

• Temperatures of 3500 F and 4000 F are more generally applicable to supersonic aircra ft
such as t ’ig ht er s and a t tack  a i rcraf t .

2. When possible. equivalent elevated t emp erature cure instructions are included (‘or the RT cure
material s . These are for use’ where the repair schedule does not allow the’ longer RT cure period.

3. Whe n possible. optional lower curing temperatures are provided for t h e  elevated temperature
curing svsten is. l’he use of the lower temperature cure may be desirable because :

• It’ the repair is in a local area, it may he diff icul t  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 f i t t ing  or on heavy metal structure. ln these cases . an adhesive
that  allows a low minimum-heat-up rate may he required.

• An adhesive with a cure temperature lower than that of the original adhesive may he
required if the part is repaire d locally and not completel y 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 orig inal cure temp erature is acceptable.

4 . Elevated temperature cure adhesives are generally pre fe rred to room temperature curing sy stems.
Th ey are typically stronger , tougher , and have better environmental  resistance.

5. In general , it is recommended that  the higher service temp erature adhesives . te .350° or 4000 F
not he used when the 180° F service adhesives are sufficien t .  This is because compromises have
been riade to gain th e’ higher use temperature . The higher temperature adhesives typically have
lower strength and toughness ( for example . lower peel strength ) .

4-2
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Adhe ’s~ e pri mers .issoe Ia ted ~vith c’a e l i  el hesi~ e I I i , i t e ’ri.i I ire re coti i iue n el ed fo r  use’ fol lowing s u n  ,ice

pr epa r at ion.  B oth ‘~ta neha r d non~’oiros ion—i i ih ib i t i n g t  pr i t n e t  and corros ion— in hi b i t i ng  pr i lne ’rs a l L ’

su itab le fo r repair applications. (‘orrosion—inhiibiling prlnie’rs t pk’ally require spray equipm ent  of
th e’ recirculating t~ re’. H owever , co rros ion - inhi b i t ing  adhesive ’ primer s are preferr ed becaw.e of t h .~
i mpr oved bond env i ronm en t a l  du rab i l i t y  . Air  -dr ~ i ng noucor rosion-t pe pr ime’is may be app lied h~
non spr a ins in~’t hods ~u~h as b rushing or w i p i n g—on.

l:or siu.ill  area repa irs , t he use of primers is opt i ona l  it ’ the e’lapseel t ime from sur t .ice prep 5ira t ion to
bond is held to a m in imu m . tvp ic :il lv tess t I t an S hours. I lowever , for large , u r c ’a rep air s or i e t a h r ie ’a-
lio n , i t  is recommended t ha t  e’orr os ioml i n h i b i t i n g  pru n er s .mlwa ~ he used l’e’cau z se ’ of t he ’ use ot
mamt u t ac t t i ~ing a nd handl ing  operatio n s t h a t  are (no ne ’ ~~~~~~ 10 e’ti, it a i tu i ia t i&in .

\ t , in ut ’act u m e ’~s’ m i x i n g  and ha n dl in g  i n s t r u c t i o n s  should be followed for m i x i n g  and e’t i r i i1 ~’ .idht esives .
Sonic’ t y p ical mix ing  and cure ’ cond it ions are given in t ab le 4— 3 . Ge ner al p reparati on proc edur es
for .iellle ’si\ e’ primers and film aeth esi~ e appl ic a t ion are give’n in section 4.3

4 .1. 2 .%DHFSIVFS , (‘ORE SPLICE

(‘ore sp l i ce ad hesive m at er ials are u sed to ioin core—to-core segments or to :iccomnp lish c’ore’-t o-e’\ trusion

or core—to—ti l t ing bonds. Both foaming ta P e ’s a nd no n foa m i ng tap es are .iva i l.tble ’ .15 We’ll .15 paSt e’ t\ pe
for but ter ing  or tro wel appl icat ions . l)e’pend ing on th e ’ service envi ronment ,  room t emp e’r: it ti re cure’
paste has t he ae hv a n lage’ of being easier to appl y and ~‘an be c’ure’d prior to final  as se ii tbl y.  Oit Ilk’ other
hand , i n most eases , heat e’Li r e ’ splice bond s tii ,~y be cured at the t ime ’ of sk tt t  b ondin g .  I he e’hoie ’e of
w hich type splice adhesive to use ~e i l l  eh e’pe nel on the’ conf igt irat  ion of the part , se[\ I c e ’ e’nv t r o i t i f l e’nt ,

and av a i l a b i l i t y  of materials. When a core sp l ice’ is f b i  a~ ail ab le’. mu l t i p le layers ol fi tn t adhesive ma~
be su bst i t u te d .

4. 1.3 AEROL )YN A MI ( ’ SM OOT HE RS

.‘~erody mianii c smoothe’rs are used on the ’ ex t e rna l  surt ’aces of t he at re ’rat ’t in fa s ten er  head groo\ c’s , I fl

e’x te ’rnal seal ing grooves , in gaps at skin pane l splices, or to t’air the’ edge’ of repair patches.

4. 1.4 ~~rrtNG COMPOUNDS. CORE FIL L ER

I’hese’ mat erials  are used to fill dents .ineh core’ d a m age. l’hese’ are usua lly resin adhes ive s coit tam ing .111

inert filler, The~ typically can be cured at roo m temperatu re or quick cured t m od erat e ’ te rn pe r at t i r e’s.
Application is usually h~ trowel or spatt i la .

4. 1.5 POTTING CO MPOUNDS . INJ EC TAI3LE HONEYCOMB

These material s are similar to the other pot t ing compot inets e’\e’1’I ~t the’y have a lower ‘~ iscosity for

injection application s.

4.1.6 SEALANT S ‘AERODYNAMIC SMOOTH [KS

Sealants used (‘or repair s will  he’ dependent on the servic e’ temp era t tir e’, aerod namic smoothness
re qu ir e ’me’nts . and fue l t luk l resis tance ~n i t er i a ,  Both corr o sion—inhi b it ing ,ineh noncor r os io n - inhi ibi t i ng
types are availa ble for general app lic ations and for serv ice ’ t empera tu r e’s to 3 ~0° F . (Se’e’ t ab l e’ 4 - l , i
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4. 1 .7 HONEYC OMB CORES

Both aluminum and glass-r eint ’orccd honeycomb cores are used in bonded repairs. Alum inum core
shall he a mionp ert ’orated corrosion-resis tant type and ei ther 5052 or 505b alloy. Wide ranges in
d ensi ty  and cell s u e  are availa ble. A few typical callouts are given in table 4-1.

4. l . S GLASS FIBER RESIN

Prepregs , glass t’abric cloth , chopped glass fibers , and resins may be used to repair a l uminum panel s
if approved by the responsible engineering agency.

4.2 REPAIR MATERIA LS

This section is divided into two parts. Section 4 .2. 1 comprises the materials incorporated in a repair.

while section 4 .2 .2 is t’or miscellaneous or non incorpora t ed material s.

The preferred repair m,iateri als list is given in table 4-I . This lists the material type’. category . manu-

t’actur er ’s number , mi~anut ’actur er ’s name , federal stock number where availabl e, storage life , and
general remarks.

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

Table 4-3 in section 4.2. I gives the m ix ing  instructions , cure’ conditions , or hamielling information,

and work lit ’e of som e repair mater ials.

Cleaners and surface preparation and corrosion protection materia l s are found in tabl e 4-4.

4.2. 1 MATERIALS INCORPORATED IN THE REPAIR

Preferre d Repair Materials

Table 4-1 provides a listing of candidate materials for each type of repair material  iii the various
categories depending on service temperatu re 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’ 4-2
for the alternate materials list. it ’ the materials listed there are also not availab le , use a st mh st i tut e  or
equivalent with the approval of the appropriate authori ty.  For adhesive materials , specifications
MMM — A — l 32 and Mlt. -A—2 54o3 provide source information and m inimum strength requirements.

Alternate Materials

Table 4-2 gives the alternate materia ls in each category t’or each genera l type. The intent  ot’ th is
list is to provide alternate callouts for materials if the listed mater ials in table 4-1 are not avai l :Cb le .

This list has been compiled from various techni cal orders (T.O.’s) and repair documents applicable to
the services. When the desired mater ial to he used for a repair is neither listed in tab le 4-I  nor 4-2 .
obtain approval fro m an applicable source for use of equivalent materials.
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Follow (ti e manuta cturer -~ recommended mixing ratios for those materials t h at require on-site
mixing prior to use . Addition of filler materials such as a luminum powder or microhalloons to improve
app lication and handling are optional.

Mixing and Curing Requirements

This section gives the mix ing  int ’ormation. cure t ime , and workin g lif t ’ of mixed materials. The
working life listed in tab le 4-3 represents typical t ime for  small b atch condit ions.  Mix onl y the
amount of material that can he used up with in  the specified time. In general the info rmatio n given
represents typical conditions. Specifi c applica tions may require devi ation from the given conditions ,
In those situations , the manufac turers  recom mended f luxin g instru ct ion s , he a t— up r . te, cure time , and
pressure requirements should he followed.

Film adhesive s are ava i lable in varied we ight s  ranging t’rum 0 (13 to 0 .20 lb ft 2 or thicknesse s from 5
mit s to 20 mils. Typically , the thick er fi lms ( 1( 1 to 20 mils ) are used for sandwich panels in skin-to-
core bond to improve fill et formation and bond str ength.  I he thinner films i 5 to ‘ iuils) are used for -

metal-to-metal bonds such as doublers , closco ut s . or f i t t in gs - For repair in general , a 10 mil adhesive
film is recommended for metal-to-metal applicati ons and a 1 5 mil thick film is recommended for
metal-to-core usage.

Oeanet~ and Corrosion Protection Materials

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

Observ e the followin g precautions when handlin g or nu~ m ng the c1eaner” or solutions.

• Avoid skin contact

• Wear safety goggles

• Wear rubber gloves

• Mix and use in ventilated areas

1)irections on the use of specifi c materials are contained in the repair procedures sections . 6.0 and 7.0.
surface preparation sect~”~1 5.0, and section 4.3.4 fo r appl icat ion of pro tect ive chromate conversion
coating.

Where MEK is callet out is a solvent for cleaning , Freon or other equivalent solvents ma be used if
MEK is prohib ited. ( ‘1~’K LOCAL SAFET Y REQUIREMENTS.

Exerci se care when using solvents , alkaline cleaners , or acid on the aircraft structures , as these
material s can damage insulation material s , cause subsequent corrosion. et c.

-~~idi t i on al  inform ation on solvents can he found in 1. 0. 4 2 A l - l  -3 .
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4 .2 .2 M ATERIALS NOT IN CORPORA TFI) IN THE REPAIR

rhl’ materials  listed in table 4-5 are inten ded to serve as guide s and ty pical  source cal lou ts \ppr oved
eq uival e nt s  ma~ be substituted as alternates to those listed. The list is ii ~~~’i - - lv  for use j s  a ~0nVCnJeJi t
reference tot source.s of suppl y . It ~ not meant  to give fav o rable endor sement to the particular

— supplier s listed -

4.3 M A T F R I ALS PROCESS INC

l’lii~ sect ion p res ent s int ’or m at i on concerning primer preparation a n d app l ica t i on  - f i lm adh esi ve
preparation and application , and paste or liquid Paste adhesive preparation and app li cation. o n ly
guide in f o r m a t i o n  is provided in each of the areas. Specific in fo rmat ion  a i J  data should be obtained

- 
tr om the app i ~-a He sp ecifi i ’at ions. iuannt ’a ctur er ’s ins t ruct ions , a nd relat ed documents.

4.3.1 PR EPARATION AND .-tPPLIC.-tTION OF PRIMER

Depending on tir e av a i l abi l i t y  01’ sp ray equipment  and the si/c of toe repair part , corrosion—inhibiting
or noncorrosion— inh ih i l ing p ri lnt’rs may be applied e it her by spr aving ~‘r manual  brush or wip e— ofl

- 
- app licatio ns . I he use of prim ers is r ecommended to improve durabi lity and prevent c o n t a m i n a t i o n

d u r i rig ha rid Ii ng and ,rxsembl -

I t is recommended t h a t  corrosion —inhibi t in g adhesiv e primers (( IA P )  be used for the RI’— and 2500 F—
curing adhesive sy st ems if equipment  and skilled perso nne l are available.  (‘l.-\P surta ces are genera l ly

- C compatible wi th  .i wide variety of adhesive systems. Improved bond du rab i l i t y  is obtained w i t h  (‘lAP
primer compared to standard non—CLAP primer. Another  advantage of using ClAP prim er is that
cured Cl .-\P-primed skins or details ma be stored for one to three ~cars w h e n pr otected from coii-

t ami nat ion or exposure to sunlight ~see section 1. 2 . 5 .  IF IT IS NECESSARY TO REMOVE THE
PRIMER AFTER APPLI CATION r i-w NONBAKFI) PRIMERS (‘AN BE REMOVED WF~U A SOL.

- VENT, THE B AKE L )  P R I M E R S  MUST HF REM OVEL ) BY M E CHANICAL ABRAD iN G .

Nonspra v Method of Primer App lication

I - Condition the re frigerat ed prim er by al lowing it  to come to room k’mpera t tire prior to opening
the container.

2. Do riot use primer conta in ing  lumps or indication of’ gellation .

3. Agitat e or stir the primer to assure a homogeneous mu ix ture.  \\ ht’n appl y ing ( ‘lAP prim er l~
a nonsprav manual meth od (e .g.. wiping ) , ag i ta t e  pri or to each ap ph i ’ation to re store suspension
of solids .

4. Brush or gauze—wipe  a smooth . un i to rn i  film of primer on the cleaned surt ’aces.

5. Allow to air ilr~- for  t~~
() in m utt ’s a ri d then bake as required by manufac tu re r ’s instruction s .
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h The thickness of the primer is essential to obtaining acceptable bond properties. Dried film
thickness may vary from 0.000 1 to 0.00 1 inch or as specified by the supplier , depending on the
type of primer system used. Film thickness may be checked using an isometer (e.g., Foster
lsometer 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 film, or a comparable material.

Preparation and Application of Adhesive Primer—Spray Method

I .  Condition primer as in section 4.3.1 , Nonspray Method of Primer Application , steps 1 , 2 , and 3.

2. The type of primer , solids content , viscosity, solvents . etc., all affect the spray conditions to be
used.

Follow manufacture r’s recommendations for spray procedures , or use the following suggested
conditions.

Spra y gun DeVilbiss MBC
Air cap No. 78
Needle-nozzle AV-I 5-FX
Lin e pressure 30 to 80 lb
Fluid flow Approx. 5 fluid oz/m in
Pot pressure I to 2 lb if applicable
Distance from panel 9 to 14 inches
Primer thickness 0 0001 to 0.00 1 inches (depending on primer type)

NOTE: Pressurized bottles such as the “Preval” may be con-
veniently used to spray primer on small areas, see
figure 4-I.

3. Spray primer in a uniform coating to the cleaned faying surfaces.

4. Air dry or air dry/bake per manufacture r’s brochure.

5. Check thickness and protect surface as in section 4.3.1 (Nonspray Method of Primer Appli cation ) .
steps 6 and 7.

4.3.2 APPLICATION OF FILM ADHESIVES

I. Condition to ambient room temperature before opening the wrapper. Record adhesive “out ”
time and keep a cumulative record . Re qua h ify or discard when the allowable out-time specified
in the specification has been exceeded.

2. Solvent’.clean cuttin g tools, templates , and other equipment used for layin g ou t the adhesive.
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Figure 4- 1.—Preval Pressurized Spray Bottle to Apply Adhesive Primer

CAUTION: DO NOT Touch the Adhesive with Bare Hands or
Other Parts of the Body. Clean White Gloves Must
Be Worn When Handling Cleaned Details . Adhesives.
or Other Parts Durin g Lay-up.

3. For metal-to-metal and metal-to-core bond s, apply a layer of adhesive film to one of the
prepared surfaces to be joined. A small amount of heat may be applied to tack the
adhesive to the metal part.

4, Do not fold , stretch , or otherwise thin the adhesive.

5. Leave the separator sheet on the side of the adhesive exposed to the atmosphere as a temporary
protection cover.

( Press the adhesive smoothly in p lace. Avoid air entrapment.

7. Trim the adhesive film to leave approximately I /8-in. excess beyond the joint  p erimeter. The
adhesive fi lm must not he less than net (i .e .. not less t h an  the size of the p art ) . The details may
he use d as templates for cut t ing the fi lm.

8. Remove the remaining sepantor sheet just prior to assembly of the details.

9. Prepare for cure as specified in section 7, 1 I . Vacuum Bagging.
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4.3.3 PREPARA TION AND APPLICATION OF LIQUID/PASTE ADHESIVES

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

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

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

3. With preweighed or premixed component materials , follow 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 faying surface by trowel , brush , roller , etc.

6. Assemble the details.

7. Secure in place. ‘

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

9. Cure as specified by the manufacturer or as given in table 4-3.

4.3.4 PRE PARATION AND APPLICATION OF PO ll ING COMPOUNDS

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

2 . Mix potting compound materials per the mixing ratios in table 4-3 or as specified by the manu-
facture r’s instructions.

3. Apply the mixed materials by injection , trowelling, 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 specified by the manufacture r’s instructions.

5. Do not handle potted assemblies unt i l  they have been cured.
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4.3.5 PREPARATION AND APPLICATION OF CHRO MATE CONVERSION COATING , MIL-C-

5541 , CLASS IA (e.g., ALODINE 1 200)

Any repair process which bares the original stna cture requires a prot ective treatment. The treatmen t
acts as a paint base and corrosion inhibiter. Aluminum alloys of the original structure require
subsequent conversion coating in cases where repair processes expose areas to possible corrosion.

NOTE: Instructions given in the following paragraphs apply
spec if ically to Alodine 1 200 . which is one of the more
commonly used conversion coatings. If another coating
listed in MIL-C’-554l is to be used , follow the manu-
facturer ’s recommended application instructions or
your locally prepared specification.

CAUTION: Cloths or other materials used to apply the conversion
coating should be rinsed out thoroug hly in water
after use and deposited in an approved safety con-
ta m er. Dispose of chr omate conversion and rinse
solutions per local safety and health regulations.

Preparat ion of Alo dine 1200 Solution

I .  Mix by rolling the contents of each container of Alod ine 1 200 powder thorou ghly on clean
paper prior to withdrawal of fraction to be used.

2. Add 3 oz of Alodine 1 200 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 mixin g 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 nondisti lled 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 #60781. Add no wetting agents or other
materials to this solution.

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

1. Mask all surfaces likely to be contaminated by running ,  dripping , or splashing of the solution.
Painted , anodized , or previousl y alodined surfaces need not be masked.
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CAUTION : Chromate conversion coatings must not be allowed to
come in contact with high strength steels as they may
cause hydrogen embr itt lement.

2. 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.

3. Clean area to be ehromate conversion coated with a liquid solvent degreaser by using a clean
brush or oil-free gauze or cloth. Dry with warm air or wipe dry .

4. Remove the existing organic and inorganic finish from the repair area. Remove the hydraulic
fluid resistant finish at the same time the inorganic coatin g is stripped. Strip the inorganic
coa tings such as anodize or alodin e mechanicall y with a nylon abrasive wheel or aluminum
oxide paper . Clean all signs of organic and inorganic coatings until a unifo rm , bright , shiny
aluminum surface is obtained.

5. Vacuum or wipe the abraded area with dry, clean cheesecloth to remove loose particles and
residue.

6. Wipe with chee’.-cloth dampened (not saturated) with solvent. Repeat using clean cheesecloth
un til no visible residue transfers to the cheesecloth.

7. Allow to dry for a minimum of 1 5 minutes.

*Where the Alodine 1 200 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 alodine.

App lication of A Iodine 1 200

I .  Apply Alodine I 200 evenly and liberally with a fiber or nylon brush , clean cheesecloth, or a
cellulose sponge.

2. Allow the solu tion to remain for 3 to 4 minutes to form a bronze or golden brown coating.
Keep the treated area from drying by gently blotting with cheesecloth moistened with Alodine
1 200.

3. Rinse with clean water by gently contacting the treated surfa ce with wet (not saturated) clean
cheesecloth. Contact (blot ) for I to 2 minutes and repeat.

CAUTION: Exercise care when rinsing and contacting treated
surface to avoid scratching or removing the freshly —

formed coating.

4. Gentl y contact the surface with clean dry cheesecloth to absorb excess liquid. Repeat as
necessary. - — 

-

5. Check crevices with blue litm~ s paper for possible acid contamination , If litmus paper turns
red , acid is still present and steps 3 to S should he repeated.

- 
- 
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~~~0.10 max (other dimensio ns of this seal
are typica l of those sho wn for outside seal )

\~7... ...-Fill et seal

Brush coat liquid over rivets

— — Q S T G R

0.o5~~~ 
0.25

0.15 

- 

— See detai l II 
_____

___________ 

Q fastener (typ) .

£ 
Fillet conf igurat ion

T for skin thickness Of

0.25 
0.06 1 and greater

See detail I Detail I

Fillet conf iguration
for skin thicknesses
to 0.060

(I.

.__*,1 ~‘+— 0.12to O. 18

0.12 to 0.18

_ _ _ _ _

Note: The fillet seal co nfiguration show n ,~

is suitable for both bonded metal- 008 to 0 ~~~~~ 
]

— 
to-meta l or honeycomb sandwich ‘ 

—

construction .
Detail of fillet seal
at stiffener (typ )

Detail II

Figure 4-2—Fillet Sealing of Bonded Repairs
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~~~. Room temperature a u -  dry or hot air 140° l maximum) dr~- .

- ‘ (‘-~UTION : Dispose of chr omate convers ion and rinse solutions
per local safety and health regulations.

4,3.6 PREPARAT iON ANt ) APPLICATION OF SEALANTS ANt) AERO DYNAMIC SMOOTI-IERS

- All o~ re l’riger a tio n—st ore d mate n a  Is to reach room tern pc rat tire b~ t’ore open rig to pr event
moisture condensation.

2. Prepare the applicab le environmenta l  sealant or aerod riamic smoother corn pound according
to i anufacturer~s or specification instruction s .

3. Observe safety precautions.

4. Remove adhesive flash at the edge of bonded joints as required. Leave approximatel y a 450

fillet for seating of edge.

5 . ~~ipe clean wi th  solvent.

~ . .&pplr conversion coating (see sec. 4 .3.4) to a luminum surfaces that will be finished wi th  an
— 

organic coating. l)o n ot treat a l u m i n u m  surfaces that will not receive organic l’inish. titanium
surfaces, and t’iberglass surfaces.

Apply sealant  to or app ly aerod y namic snioother to all repair adhesive bond lines ~see fig. 4-2) .

S. (‘nrc the sealant or smoother per applicable instructions or specifications.

4.3.7 PREPARATION AND APPL ICATION OF FINISH COATINGS

I . (‘le~n the repair area in accordance with the applicable 1.() .. e.g. . T.O. I - I - I .

2. Prime the surface with the applicable irnitier according to the specific —2 3 1.0. calloul ; a lso
r eter to LO. 1-1-4 and F .O. I - I - S .

3. lop coat with the a pplica ble fin isli as require d per the specific —2 3 1.0. callow; also ret ’er to
T.0 1— 1-4 and I.( 

~~. I — I - S .

4.4 M ATER l .~~L COMPATiBiLIT Y

Some adhesive systems are more sensitive and le~~ compatible with certain hand surfa ce—p reparation
procedures than others . For example , some adhesive sy stems provide poor bond durabil i t y with the
2~ HF method . section 5.3 . 2 while others give satisfactory bonds. It ’ the compatibility of the adhesive
system to surface preparation method is questionab le. either phy sical and chemical tests  should be
conducted 1w laboratory personnel or another surface preparation met hod or adhesive selected. The - 

—

wedge test described in section 4.4.1 is a convenient and discriminat ing test for the 250° F-curing
epoxy adhesives . I’his test measures crack growth in a high h u m i d i t y  environment .  If i ncompa t ib i l i t y
ex ists , th e crack growth in one hour ~vill  be high (usually more than I in ch I as compared to the
growth for a compatible sy stem (usua l l y  less than  0.20 inch ) . The clim bing dru m peel test described
in Ml l  - .-~— 25 4~ 3 is a discriminatin g test for RI ’— and 3500 F—curing adhesives. Surt~icc compatibility
is indicated 1w cohesive failure modes in contrast to adhesive failur e modes for incompati b le systems.
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4.4. 1 WE D GE PANELS , SPECIMENS . A~~D TEST PROCEDURE

I lie coiil ’igt irati on 01 the wedge te ’~t specimen assembly and the specimen de ta i l s  are shown in figure
4—3. The laminated assenihh- is (~ b~ (~ inches. l’hie meta l  adhi ’rends are nominaJI~ 0. 125 inch thick -

A str i p appro xin ia t e ly  0. 5 inch wide on one edge of the p anel is le f t  unbon deil . Af te r  bonding.
five I - in . -wi de specimens are machined or saw cut from the panel. Sand one edge. ih ’ specimen s
are then marked with an identifi cation b r  exposure. The te st ing procedure to n the specimens con sist s
01 the fol lowin g:

I .  Precr ack the unbonded end of the specimen by inserting a wedge as shown in figure 4-3 Ins ert
th e wedge by u sing severa l ligh t laps w i t h  a hammering  device. Do not a t t empt  to insert  the
wed ge wi th  a si ngle s t r ik ing  bIo~ -

2. Position the wedge so tha t  it s  end and sides are app rox ima te ly  flush w i t h  the specimen ends
a n d sides.

3 Fsing 10— to 30—power magnification a nil adequate  i l lumina t ion ,  locate and mark the tip of the
initial crack wi th  a fine sty us or scribe. * I_ooking closeI~ , a change in the adhesive to a lighter
color can usuall y he seen right at the crack tip . . -~lso locate and mark the reference point ot
crack initiation. This is the point at which the shoulder of the wedge cont acN the specin1i~ -

surface, i.e.. approximately t).~ 5 inch from the specimen end. Measure and record t h e  i n i t i a i
crack len g th .

4 . Expos e the wedged specimens to the selected env i ronmenta l  cond i t ions  e~~~ . I 00 ± 5° F and
4 ~5’ to 1 0O’ relative h u m id i t y ) for the specifie d I in ie te.g . . I hour.  4 h ours . 2 hours . 1 4 it av s .

or 3 () dav sI . lh e  wat er  used to maintain the humidi t y  must not contain more than  200 ppm
total solids. For compatibi lity screening tests , exposure t ime of 4 hours is adequat e .

5 . Remove the specimen s from the envi ronment .  \ l a rk  and measure the  increase in crack length
to 0.01 inch within 2 hours after removal.

~~. Failure modes may be det ermined 1w sp l i t t in g  the specimen open at the comp letion of tim e tin al

crack growth measurement and examin in g  the surface. The percentage of ’ ad hesive versus cohesive
failure in the exposed crack growth region should be recorded. * *

4,5 M ATERIAL PRO PERTY DAT -~

Mechanical st r en ~ t li propert~ d ata for facing, core, and adhesive materia ls are presented in variou s
mili tar y specif ications . handbooks. and reports . l’he locations ol many  of these data sources are
identified in the following paragraphs.

Thc data may be presented e i ther  as typ ic a l  test values or as minimum properties. Min imum properties
shoukl he used for design. it may be appropriate to reduce the properties t’urther to allow for such

factor s  as elevated service tempera twes or progr~’ssivc degradation due to the operating environment .

*For salt ~?ray exposure of extended durat ion.  use a triangular l’ile to enlarge scribe mark t’or
easier reading.

**For accept ri~Iect crit eria , see sect. 7 5.3
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Use FEP separator film or om it
adhesive (optional)

6,00 0.125
0.125 nominal

— 

~ 4 
~

4 4
~F ~jZ!minai

6.00 ‘0.125 Dimensions in inches

/ 

I 

~~~~~~~~~~~~~~~ - 

Adhesive

Trim wide specimens rum

Wedge Test Specimen Assembly

1.0 -’0.03 
~

‘.l—’ —_I

~ 

~‘.I_’-’ 0.125 nominal

I Dimensions in inches

0.25 ‘0.03

Aluminum or Stainless Steel Wedge

~~~~~~~~~~~~~~
_ Initial

crack lengt h

Wedged Crack Extension Specimen

Figure 4-3.— Wedge Test Specimen Configuration
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e.g.. the effects of ’ long time exposure to cyclic stress combined with high humidity or salt spray .
l)esign values should he approved by the responsible engineering agency .

Facing material  information is found in section 4.5. 1 . Section 4 .5.2 gives the core mat erials
information. Adhesive requir ements and environmental effects on bond durab i l i t y  in fo rmat ion  are
found in section 4.5.3.

4.5.1 HONEYCOMB SANDWICH FACING M ATERIALS

Facing materials includ ed in the follow ing sections are a lum inum. t’iberglass (glass-t ’ib er-reinforced ) .
and t i tanium. ‘liiese repr esent the most commonly used sandwich l’acing materials in present tech-
nology aerospace structure s.

In general , t’acing materials used for repairs should be the same as the origin al material (type , alloy.
thickness , etc. ) .

The use of fiberglass to repair a luminum is not generally recommended al though it ma he used in
l i mum i te d  cases on compound curvature parts or on parts init ial ly having l’iberglass edge closures or
inner skins. Ihis type of repair will be det’ineil or auth or i7ed by the responsible engineeri ng agency .

Aluminum

Aluminum Licing daLi and design information can be found in M IL—i i l ) BK—5 B .irid Specification
QQ—A—250. Aluminum face sheets shall have nonc iad surfaces in the bond lines whenever possible.

Fiberglass

Res in—impregnated glass f ’abric materials are used for limited repair applications to compound
curv a ture parts. Both wet layup and prepregs may he used. l~vpi’cal glass fabric style 1 1 and 1 20
information and data are found in MI L— (’—Q084. Mechanical strength data and design information
are found in M I L -l - IDBK-l  7.

Use the following guide when using glass fabric overlay patche s t’or the number of replacement piles
required.

Original aluminum N_umber ot plies of
skin thickness (inch es) I ~ I —type glass fabric

0.Ol0or le ss 3
0.0 12 3
0.0i(, 4
0.020 ’ 4
0.022 5
0.025 5
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Following the repair . the fiberglass surface should he fin ished as follows: Seal the repair patch surface
with sealer (e.g., the repair resin m ix) .  Scrape excess resin off befo re it gels. (‘tire the sealer and
app ly chemical and solvent resistant primer and top coa t per the applicable T.O.

Titanium

Titanium facing inf ’ormation and data can he found in MIL -UD BK -SB and specifica tion MIL-T-9046.

4.5.2 HONEYCOMB CORE MA TERIALS

Core information can be obtained from MIL-C-743 8 for aluminum core, and MIL-C-8073 t’or fiber-
glass core. Fibrous ny lon base (e.g., Noniex) core data can be found in Specification AMS -37 l1 .

Aluminum Honeycomb Core

Aluminum core materials are available in various cell sizes , densities , and alloys . A few typ i cal
cahiouts are given in table 4 -I .  Corrosion -resistant -type core is recommended for replacement in all
repairs regardless of original core type in aluminum panels .

Aluminum 5056 alloy core may he substituted for 5052 core.

The replacement core should match the core cell size and density of the original. In s i tuat ions 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 hone~ comh cores may he used for
repairs. In cases where nonmetallic core is substituted for original a luminum core , it should equal or
exceed the original in stiffness and strength.

4.5.3 ADHESIVES

Mechanical property data for adhesive systems are available from several sources . Examples of thes e
are the adhesive supp lier , the airframe manufacturer  that utilizes that particular materia l , and
military specifications such as MIL-A-25463 or MMM-A-l 32. Care must he taken that desi gn values -

adequately allow for degradation due to environment or the effect of elevated temperatures.

The particular surface preparation method is a very important parameter in determining the al lowab le
design strength. Many of the commonly used adhesives were tested with various hand cleaning
methods in Air Force Contract F336 15-73-C-517l . These data are reported in AFML -TR -75-l58 .
The presented information gives typical strength plots for various bonded joint overlap lengths.
These are typical test data. The desig n values to he used should he approved by the responsible
engineering authority.

4-37



— -4—--- —-,-~~~~~---- 
— -— —-4 — — -- -—--- --- ------

~~~~ 
--4 — - -

_ _ _ _ _ _  

—---.-— -—.
~~~

.. ---

4.5.4 POTTING COMPOUNDS

Mechanical and physical properties of potting compounds should be obtained from the material
supplier or from the airframe manufacture r using that  particula : material system.

4 .6 ADHESIVE RECEIVING ACCEPTANCE TESTS

- 
I Where practical , it is recommended that the adhesives to he used for repair he tested by the user to

ensure specification compliance. The following is a guide to the number and types of ’ tests t ha t
should be used.

I. The acceptance tests of table 4-t, are recommended on each sample of each lot of adhesive.

2. Lap shear tests should be pert’ormed at RT and the highest use temp.. e.g. 1800 F for
2500 F curing adhesive. Peel tests may be perl’ormed at R.T. or ~650 F.

3. In addition to the tests specifically listed for quality assurance, any other test described in
the app licable specification may he 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 con figurat ions are described and shown in the followin g sections.

Table 4-6.—Assemblies and Specimen Requirements

Bonded
assemblies Specimens

Test per sample per sample Specimen configuration

(1) Lap shear 1 5 See figure 4-5

(2) Metal peel 1 3 See figure 4-7

(3) Honeycomb peel 1 3 See figure 4.9

(4) Film weight —. 2

(a) Cut 2 specimens of material across the width of the film.
Cut specimens approximately 6 x 6 inc hes . Determine the area
to the nearest 0. 1 square inch.

(b) Remove separator sheets from the fi lm and wei gh film to nearest
0.1 grams.

(c) Report average weights to nearest 0.001 lbs/ft 2.
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lap Shear

Test panel blank

• Material and thickness for blanks shall be 0.063 inch thick 2024~T3 aluminum alloy
QQ-A-250 (bare).

• The blanks shall be nominally 6 by 7 inches.

• The blanks shall be flat within 0.0 10 inch.

2. Test panel assembly

• Adhesive bonding material and processing instructions shall he as designated in the
applicable specifications.

• Two test panel blanks shall be bonded to the configuration shown in figure 4-4.

3. Test specimen

• Cut the test panel assembly as shown in fi gure 4-5.

4. Metal-to-metal lap shear test

• Test the specimens to the procedure s described in MMM -A-l 32.

600
6.03

. 

5j7 

_______ ________7.00

__________________________ 

Adhesive

All dimensions in inches

Figure 4.4.— Test Panel Assembly
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_____ 
- -

I 900 ± 10 (typ)

_ -_

_______ — ______________ - ,—Typ saw cut

6.03 — II
6.00 II5.97 I I  

________________ — I t  — 
___________

I I
__________ 

II 
_____________________ — I I  — ___________

I I
I~ ______________

______ IL — __________

~~

- 700
7.03
6.97

0.218 slot-mill to expose
Test panel assy adhesiv e (but not throug h)

Ty p edge finish 1
125

SYM~~~~~~~~>’~~
’

~~~~~~~~~~~~~~

~~ 
~~~“. - ~~~~~~~~~~~~~~~~~~ 3.25 nom

0.50 nom

These ends parallel
~~~~~~~~~~~~~~~~~~~~ 

0.50 

within 0.005

0.530.50 0.47

All dimensions in inches
0.28

1 Opt ional pin grip holes , diameter 0.25 0 22

Figure 4-5.—Lap Shear Test Specimen Configuration
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Metal-to-Metal Peel

1. Test panel blank

• Except as otherwise specified, the material for all blanks shall be 2024-T3 clad aluminum
alloy in accordance with QQ-A-250/5.

• Blank dimensions shall be as shown in figure 4-6.

2. 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 figure 4-7.

• Identify each test panel assembly and specimen as necessary.

3. Cl imbing 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 fine wire thermocouple (no. 30 maximum) embedded
in the adhesive flash immediately adjacent to the bondline.

0
~1~4.25 ± 0.03

14.0 ±0.03 :1 
-

Holes, 4 places . 0.125 D centered approximately 0.25 inc h from edges .

Figure 4-6.—Metal-to-Metal Peel Test Panel Blank
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— — — —— Discard ___ 4 —— ~~~ typ ical
• I saw cut

-1--—-

— — — — — ........_ l — — ________

1.O typ

Discard

—4 14.0 ± 0.03

App 2.0
unbonded

Trim discard edges shall be 0.50 inch minimum. Cut three specimens
1.00 ± 0.03 inches wide.

2 0.020 inch
3 0.040 inch

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

Honeycomb Peel

I. Test panel blank -

• Except as otherwise specified, the material for all blanks shall be 2024-T3 clad aluminum
alloy in accordance with QQ-A-250/5 and figure 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. The dimensions of the core shall he as noted in figure 4-9. - -

2. Test panel assembly

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

• Two test panel blanks and core shall be bonded into an assembly as shown in figure 4-~~)~

• Identify each test pane l assembly and specimen as necessary.

3. Honeycomb peel test

• Test the specimens to the procedures described in MIL-A-254(-i3.
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o 

0 1

11.0 ± 0.03

0

14.00 ± 0.03 inches
12.00 ± 0.03 inches
Holes , 4 p laces , 0.125 0 centered approximately
0.25 inches from edges.

Figure 4-8.— Honeycomb Peel Test Panel Blank

Typ ical saw cut

4—30 ± 0.03

1.0 -i’..l I-a- —ø-~ i-. - 1.0 ‘ç’t~ 1.0
I I  I I 

\ 
j

.—----- t -r\IIIT-
I I
I I fl\ ’
I I~~~~~~1 -

~~

l l ~?1~~
I ~

14.0 ± 0.03 I 
I 

~~~ lL
l 5 12.0 ± 0.03 1

_ _  _ _ _  I 1 v
-a 11.0 ± 0.03 ~ 

1.0
0.62—. -1 r-

1 Peeling face panel— 11 .0 x 14.0 x 0.020 inches

2 Backing pane l—11 .Ox  12.O x 0.070 inches

3 Core— 11.0 x 12.0 x 0.625 inches

Figure 4-9.—Honeycomb Peel Test Panel Assembly
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5.0 SURFAC E PREPARATION PRO CEDURES

5.1 GENERAL

SURFACE PREPARATION IS THE MOST CRITICAL STEP IN THE ADHESIVE BONDING
PROCESS. THE ADEQUACY OF PR EPARATION OF THE ADH ERE ND SURFACES WILL
LARGELY DETERM INE THE SUCCESS OR FAILURE OF THE BOND. 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 cannot be
immersed 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 includes the ability to use hot processes

• Closer contro l of time in 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 ovens

• Reduced cost due to more efficient multiple part processing and improved repair durability

In order to obtain durable bonds under service environments , surface preparation procedures outlined
in this 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 gives 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 to 140° F and a high humidity. The rate that the split or crack propagated
was measured. The strips were subsequently split apart and the surfaces examined. The crack in
the solvent cleaned specimens grew quite rapidly. The adhesiv e pulled away from the metal surface as
shown in figure 5-1. By contrast , the crack growth of the anodized strips was almost nil. When
pulled apart , the failure was in the center of the bond , i.e., 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
service performance. Admittedly, more time is required to prepare the bond surface properly. The
pay-off, however, is in having a bond that will not fail, in a short t ime, after the repaired part has been
retur ned to service.
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Note how the adhesive pulled away f r om the metal (adhesive fai lure( .

- Figure 5-1. —Aluminum Failure Surfaces—Solvent Cleaned
Before Bonding

In cases where adequate surface preparation faci l i t i es  are not avai lable , p repar ed ski i i ~. hav e bee n used
to an advantage. These skins are cleaned at a base faci l i t  in accordance wi th  standard appr o~ ed
methods. The clean skin is (lien primed and bonded to a layer of approved adhesive t t l m  with a n lon
peel p l y on th e other side of the adhesive. This prehonded skin is stored un t i l  re quired (or use. I t  N

then cut to required s17c . t h e nylon peel p ly removed , and the ski ii bonded in plac e . On— s ite c lea n ing
ot the part to be repaired is st i l l  required. However , the amount  of on—sit e cleanin g s nl in in l i?ed .

Some mater ia ls  used in bonded structural  repairs and surface preparation m eth ods are toxic  and
fhini n iable . Exercise care in usin g these materials.  Follow the applicable government regu Ia ( ion s . aad
observe the following:

• Use explosionproof electrical equij)nleflt.

• Keep repair area well vent i lated.

• Keep solvents and cleaners in safety container s .
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Failure occurred within the adhesive (cohesive failure. )

Figure 5-2.—A turn/nun; Failure Surfaces—Phosphoric Acid
Anodized before Bondin g
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• A~Oitl hi’catliing ~ldI~eSiVe or cleaning tit t iti fumes.

• Wear rubber gloves and protecti ve clothing when handling acid ant) cau stic cleaning solutions.

1)0 NO T allow acids to come in con tact with the surface of high strength stee ls.

5 .2 CL EANING OF ALU Mi NUM (‘ORE FOR BONDING

1. ( lean core surfaces to he bond ed u sing vapor degrease. solve nt flush , or (j i lt-fr ee cloth moi stened

~~t t ( i  tr ichior oethane .

~~ . L)r ~ the core at  ei ther  room tempera ture  or with warm (not  hot dry air (e.g.. I ~O° F nia’~-

~~ . Hand le core cmlv wh en wearing clean l int - free  cotton gloves.

4. if core k not used inuiiedi ak’ly. protec t  by wrapping or covering w i t h  clean , wax - t re e  k r a t l

lxi pci ’ .

5.3 AL UMINU M SUR FACE PR EPARAT I ON

•.~)uininuni surfaces 
to he bonded shall be prepared using intunersion tank cl eanin g or n on t an k  hand

cl ean ug Where tank  fa ci h it  j es are avail abl e , immersion tank cle aning m~thio ds are recoin mended - For

fixed si ruct tires or fa c i l i t ies  without tank equipment . use the pre t~~rre~i n on t an k  (acid) cleaning

met hods. t h e  a l tern at e  nont an k meth od (no a ~id~ is for use onl y wi th  structures in t e rna l  to the

honeycomb panel such as in areas where contamination is likely to occur during acid cleaning.

l able 5- I i l lu s t ra t e s  the various pre fe r red and a ltern at e methods available for surface prepai.Itioll.

5.3 .1 TANK PROCESSES

Abbrevia ted tank processing steps are shown in table 5-2. .~ more detailed description 
oft hese items

N given in the following sections. .\ description of the  fac ili t i e s reqtilR’tflefllS is given in section S .~. 1 .

5.3. 1.1 Vapor 1)egreasing ( SolvCnt Cleaning)

Where loose adhering dir t , g rease , or oil is pr es ent , organic solvent degreasing should he eniplo~ ed•

• Simple surface clean ing j s ivp ical ty ’JccOifl P l i S) it ’tI w i t h  tr ichloroethane or perchloroethylcitc . rhe

solvent should he changed or cleaned on a regula r schedule. The solvent i~ usually heated to a mini-

mum of 1 S~° 1 for best results. (‘leaning 1w th is  method meet s the r equ ireiu eiits for so t \  c f lt

cleaning ;iccortting to I l -U-4 ’~O. method II .

CALII ’ION : These Chlorinated Hydrocarbon Solvents art’ Toxic.
Anesthetic. and Present a Fire Haiard t l nkss I’roperl s
Used ailti Maintain ed Avoid Allowing Solvent to
Contact the Skin and t~rcathing the 

Solvent Vapors.

• ~~~~~~~~~~~~~~~~~ 
I opera t ions shall be .~pp i o~ cd h~
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• Avoid breathing adhesive or cleaning fluid fu mes.

• Wear rubbe r gloves and protective clothing when handling acid and caustic cleaning solutions.

DO NOT allow acids to come in contact with the surface of high strength steels.

5. 2 CLEANING OF A L U M I N U M  COR E FOR BONDING

- Clean core surfaces to he bonded using vapor degrease. solvent flush , or l in t -t ’ree cloth moistened
with  trich loroethane .

2. Dry the core at either room temperature or with warm (not hot )  dry air (e.g.. I 50° F m ax ) .

3. I kindle core only when wearing clean lint—free cotton gloves .

4. If core is not used immediately ,  protect by wrapping or covering with clean , wax -free Kr af t
paper.

5.3 ALUMINUM SURFACE PREPARATION

Aluminum surfaces to he bonded shall be prepared using immersion tank cleaning or nontank  hand
cleaning. Where tank facilities are available , immersion tank cleanin g methods are recon-imended. For
fixed structures or facilitie s without  tank equipment . use the preferred nontank (acid ) cleanin g
methods. The alternate nontank method (no acid ) is for use only with structures in ternal  to the
honevcomh panel such as in areas where contamination is likely to occur during acid cleaning.
lab le  5-i illustrates the various preferred and al ternate methods a~-ai lahk for surface pr eparation.

5.3.1 TANKPROCESSES

Abbreviated tank processing steps are shown in table 5-2 . A more detailed description of the se i tems
is given in the following sections. A description of the facil ities requirements is given in section S..~. I

5.3.1 .1 Vapor Degrea si ng (Solvent Cleaning )

Where loose adhering dirt. grease. or oil is present . organic solvent degr easing should be emp loyed.
Simple surface cleaning is typical ly accomplished wi th  tr ichlocoethane or perch loroethylene. The
solvent should be changed or cleaned on a regular schedule. The solvent is usual l y h eate d to a mini-
mum of I ~~~~ F for best results. Cleaning by this method meets the requirements for so lvent vapor
cleaning accordin g to TT-C-4~ O, method II.

CAUTION: These Chlorinated H ydrocarbon Solvents are Toxic.
Anesthetic, and Present a Fire Haiard Unless Properly
Used and Maintained. Avoid Allowing Solvent to
Contact the Skin and Breathing the Solvent Vapors.

The health and safety aspects ot vapor degrease installations and operations shall he appros ed 1w
industrial hygiene and safety personnel.
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Goneral description of procedure:

Place parts in racks in a manner that prevents damage and that  assures good vapor circulation
around all part surfaces and good condensate drainage. Do not allow P arts to contact one
a u t )  f l i er.

2. Lower work into the vapor slowly . ‘Fhi e rate should not exceed 1 2 f t / m m . For heavy soil the
procedure shoukl involve vapor. flush , vapor. Remove insoluble soil by flushing wi th  clean
liquid solvent.

NOTE: Alw ay s  direct hand—h e ld noziks downward .

3. Hold the work in the vapor until the  solvent stops condensin g on the parts . Remove en t rapped
solvent by t i l t in g  the parts in the rack.

4. Slowly remove the work t’rom I lk ’ degre asing vapor. Allow time for t h e  li q u id to drain from t h e
parts. A l low the details to cool.

5 . Recycle if neccssar\ -

o. Keep parts clean.

NOTE : ‘~t t e r  vapor degrea sing and prior to commencing alkaline
• 

- cleaning, parts should be thoroughly dried to pr eve ilt
contamination ot alkaline cleaner solution with solvent.

5.3. 1.2 Alkaline Cleaning

In high-strength appl icat ions , par t icu lar ly  when aluminum is to be bonded to i iself or to other metals.
chemical precleaning is usually mandatory prior to final surface preparation. Consult the engineeri ng
authority or the applicable aircr al ’t T.O. to det ermine which ot ’ t I-ic particul ar prutreatnients is most
appropriat e . Recommended alkal ine cleaners for a luminum are listed in tahle 5—3 -

CAUTION : Safety Precautions for Handling Caustic Materials
Must be Observed During All Operations Involving
Alkaline Cleaners. Caust ic Cleaners May Spatter
When Added to Water.

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

- Fill the tank approximately 1 2  full of water .

2. l ) i st r i hu t e  the required q u a n t i t y  t -it~ cleaner t i n i t ’orn ily over the water  surface slowly and with
t horough i i i i x i u g .

Ii ’ w i l b i n  2 IIk hL~S o p e i , i t i i i g  lc~el
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Table 5-3.— Recommended Alkaline Cleaners

Control u rn ’ Operating
Aluminum cleaner Restrictions / 

It5~ tem perature ,oz ga. degrees F

Oakite 6lA 5 / 8  l6O to 190
Turco 2623 5 / 8  l6O to 175
Wyandotte Altrex B 6 / 8 135 to 190
Cee Bee A-54 6 / 8 135 to 145
Pacific SP-11 2-LF 6 / 8  135 to 145
Pennsa lt 2476 ED 6 /8  135 to 145
Turco 4090-14 LD 6/ 8  135 to 90
Isoprep 44 6 / 8 135 to 145
Northwest LP3651 6 / 8 135 to 145
Oak ite6 lB 5 / 8  l6O to 190
Oakite 80A 6 / 8 135 to 145
Pennsalt A-31 02> E~~2> 4 I 8 135 to 185
Turco 4215 and 4215 Additive OD 4 I 8 (Turco 4215) 135 to 185
Turco 42l5Spec ial 1 ~~~~~~~~~~~~~~~ 4 / 8  135 to 185
Wyandotte Aldet 1 fi::~ 

4 / 8 135 to 185
Turco 4215 0.75 I 2.25 145 to 190

Flagnotes in “ Restrictions ” column )

These cleaners are not acceptable when rinse water is reproc issed by deionizing . except as noted in

ID These cleaners are acce ptable when rinse water is reprocessed by deionizing.

Non-s ilicated soa k cleaners.

Use Turco 4215 additive with Turco 4215 to improve ink removal.

Noo-sihicated spra y cleaner.

r:~’~ Proportions: 1 pint to 1 quart of Turco 4215 additive per 100 gallons of cleaning solution.

These cleaners are acceptable when rinse water is reprocessed by deioniz ing . prov ided activated charcoal
filters are used and the concentration of wetting agents is maintained below 20 ppm after filtering.

S.

- - 
-4—-



- ‘~~~~— - ----—--- - —

~~ :“ - —
~~~~ ~~

— 
~
--— —---4. • -- — 

Fl -

4. Heat the solution to the operating temperature . Add water to a t t a in  the operat ing level a nd m i x
thoroughly.

4 f t  lainr~~ance of ( kaning Solutions. Use the following procedure to ensure effectiveness of cleaning
solutions f o r  a luminum.

I .  Maintain the alkaline cleaner solution per specification.

2. Mainta in  the level of cleaner solutions wi th in  two inches of specihied operating levels.

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

4. Dump and m ake tip the immersion alkaline cleaners when the accumulative to ta l  addi t ions  of
cleaner eq ual 1 00 percent oh ’ the max imum allowable in i t i a l  charge .

5. The processing solutions and equipment includin g air dryers) shall  be kept clean at al l  times.
OPERATIONS Sh ALL BE SUSPENDEI) AN I) ( ‘ORRE ( ’TIONS M A D E  W H EN:

• Surfaces oh parts do not remain water— break—free after  w i t h drawal  from the processing
solution or the sub seqt ient rinse.

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

• rhe solution temperature or composition is outside the control lim its.

. ri~ solution surface has become oil~ , or has acquir ed a scum.

• Parts are pit t ed or excessively etched.

• The soluti on is not at the req uired operating level.

• The solution is no longer eff ective ,

t~. A labora tory shall analyze the solutions and describe and record addit ions . purif ications , or
withdrawals required to make the solution comply with the required control specit’ication.

7. Do not use metal  cleaning faci li t i es to clean nonmetals (e.g.. plasti cs , reinforced Plastic s .
masking or stop-off materials ,  etc) .

cleaning Procedure. - Use the tol lowing procedure t~ clean a luminum parts.

1. Parts shall be relativel y free oh ’ grease and oil before alkaline cleanin g to minimize t he con (anhina-
tion in the cleaning tanks and to ensure maximum alkaline cleaning effectivene ss .

2 . Agitate all cleaning solutions after prolonged s tanding or after addi t ion oh chemicals or water to
ensuu e uniformity of concentration.
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3. Completely immerse parts in cleaning solutions or rinse tanks. When possible , agitate cleaning
solutions , rinse water , or parts during processing.

4. Parts may be immersion rinsed followin g alkaline cleaning. [)o not immersion rinse parts fro m
alkaline or neutra l solutions in tanks used t’or rinsing parts from acid solutions.

5. Control the temperature of cleaning solutions wi th in  ±50 F oh ’ those selected and maintain the
temperature wi th in  t lie allowable ranges speci fied.

b. Spra y cleaning and spray rinsing reqt iir e that all Parts be oh ’ such shape and racked in such a
manner that  a ll  surfaces are contacted by impin ging sprays and are adequatel y drained.

7. The t’oll owing are the requirements for parts after alkalin e cleanin g and rinsing:

• I’arts shall he t’ree of smut and soil includin g wax , pencil marks , and pr in t ing  ink except
• - as noted in the tol lowing comment.

• All marking ink sii :ihl be rem oved except on a luminum where the more ten acious residual
inks are -allowed.

• Except t’or part areas containing permit ted residual markin g inks , p arts shall show a
wat er— br eak-I ’ree surface. A water -br eak -t ’ree surt ’ace is a surface which maintains a con-
tinuous water fi lm l’or a period of at least 30 seconds at ’ter having been spray - or immersion—
rinsed in clean water at a temperature below 1000 F.

S.3.l.3 Rinsing

In rinsing aluminum parts, obsei~’e the following:

Whenever possible. r insing after processing in a solution operated ab ove I bO° F should includ e
t he use of ’ a water—fog curtain above the processing tank to prevent t h e soluti on drying on the
part.

2. For spray rinsing use a flow ot ’ I .5 to 3.0 gallons of ’ water per min ute  over each square foot of
tank opening. Parts shall he so pos itioned that all surfaces are direct l y accessible to the spray.

3. Sufficient water sh al l he tiowing into the rinse tank to mainta i n  the contaminant s  below t h e
following levels:

Restrictions on u~ of Maximum total solids
Process rinse water content in water (ppm)

Alkaline cleaning Must not be used to rinse parts from acid 
- 

750
processes.

Aluminum etching Must not be used for any other purpose. 150

Anodizing Preferred for metal bond only. 100

5- 10
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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
followin g :

• It replaces the weak residual oxide on the metal surface with a strong oxide layer that is more
suitab le for bonding.

• It provides a suitable surface for the subsequent anodizin g process. -

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

Deoxidizing Process. — Immerse the parts in the sulfuric-dichromate solution for the time indic ated
for the particular process. Without delay, cold water spray rinse for 5 to 15 minutes. After etching,
two rinses are commonly used , the first an ambient temperature water spray rinse followed by an
ambient or warm immersion rinse. All chemicals must be thoroughly rinsed immediately from the
aluminum surface to ensure good bonding results. The qual i ty  of water used in the etch solution
and rinses must be controlled as indicated in previous section (Alkaline Cleaning).

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

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

I .  Etch for 12 to i S  minutes.

2. Rinse.

3. Dry at 130° ± 10° F.

4. Protect treated parts from contamination.

5. Prime within 16 hours.

Solution Make-Up and Contro l. —Crack-extension or peel test panels (see sec. 4.4) shall have been tested
prior to processing parts throu gh a new solution and shall be used with each load of parts processed.

5-li
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The deoxidizer solution sha ll be made up. replenished , and main ta ined  to the following requirements:

Solution make—up compound (‘oncen tr ation l imi ts
Na 2Cr 207 4. 1 (0 12.0 oz/gal as Na2Cr ,0 7 ‘ 2hh O

H2S04 (th°BF ’ 3~ . S to 4 1 .S oz/gal as t-12S04

A lum inum * 0.20 o,/gal of dissolved a l u m i n u m  m i n i m u m

2. Operating tempe rature: I 500 to l ( ~00 F

3. Metal remova l ra te : 0.0002 2 to 0.00034 in./surt’ace ’hr

NOTE: When chemical replenishments to m ain ta in  control
l imits  do not maintain the required removal rate , adjust
the temperature wi th in  the specified l imi ts  of item 2.
above. A temperature increase of ’ 7,Q0 F wil l  increase
the metal removal rate about 0.0001 in. ‘surface hr .

5.3.1.5 Anodizing

5.3.1,5.1 Phosphoric Acid Anodize

Solution composition and operating temperature is as follows :

I .  Maintain the total acid (H ’
~
’ ion) concentration equivalent to 13 — to I t -oi gal phosphoric acid

(113P04, primary h1~ ion equivalent ) .

2. El ~-drog en ton (11+) conc entration m a y  be determined by any valid method not subj ect to
interference from the dissolved a luminum alloy.

3. The operating temperature  of the anodit ing solution should be (~ 
7~~ to ~ 7~ F.

4. Fungus that m a y  develop in the  an odi i in g  solution may be removed by f i l tering.

The process h o w  (see table 5— 2 ) is as follows:

1. Vapor degrease (sec. 5.3.1 .1) to remove surface contaminants if required by the condition of the
detail or part.

2. Alkaline clean (sec. 5 .3 1 .2 )  for at least 10 minutes in an approved alkaline cleaner from
table 4—4 . Without  delay, rinse in hot water ( 1100 F m i n i m u m )  t’or 5 minutes (sec. 5.3.1 .3).

3, Deoxidize in sulfu ric-dichromate solution (sec. 5. 3 . 1 . 4)  for 10- to 15 mmnu t es .

*Al t j rn inurn  shall he 2024 alloy. This alloy is required because of its particular alloy coni —
position. Old solution shall not be used to make up dissolved aluminum.

5-12
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4. Without delay, rinse in cold water for 5 minutes.

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

‘

6. Without delay, cold water rinse for 10 to I 5 minute s .

7. Dry at 160° F maximum.

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

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

Light s filter

Oxide film ~~~~~~~~~~~~~~~~~~~~~~~~ Aluminum

Figure 5-3.—Polarized Light Test— Verification of Anodic Oxide Film

9. If no color is observed , repeat steps 3 through 8.

10. Prime within 72 hours following dry ing.

5.3.1.5.2 C’hromlc Acid Anodize

Composition of chromic acid anodize solution is as follows:

I. Initial make-up: 30.0 lb chromn ic acid per 100 gallons. (3.5’ hv weight)

2. Control limits:

a . Total hexavalent chromate (as Cr0 3): 4.0 to 13. 4 oz/gal (3 to I 0~ by weight )

h. Free chromic acid (as Cr03): 4.0 to (v. 7 oz/gal (3 to 5~ by weight )

3. Maintain the solution by draw-off and addit ion of Cr0 4 . or 1w ion exchan ge puri f ic atio n .

5.13
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The process flow (see table 5-2) is as fol lows:

I .  Vapor degrease (sec. 5.3.1.1) as required to remove surface contaminants.

2. Alkaline clean (sec . 5.3 . 1.2) for 5 to 10 minutes in an approved alkaline cleaner. Without delay.
rinse in hot water ( 110 0 F minimum) for 5 minutes (sec. 5.3 .1.3) .

3. Deoxidize in the sulfuric-dichromate 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 I 0 Minutes Minimum
Immediately Prior to Anodizing.

4. Lower the parts into the anodizing bath and apply current with the part as the anode wi th in
5 5~cOmi d~ after  immersion. (Time to tota l ly  immerse parts shall be I S  seconds.)

5. Raise the dc voltage at a uniform rate to 22 ± 2 volts , over a 5—minute period. Main ta in  the
voltage at 22 ± 2 volts for 25 minutes .

-
~. Maintain  the temperature of’ the bath at 950 

± ~~ 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 0 F ,nax.)  for a min imum of 5
minutes using water containin g not more than I SO ppm total solids. When double counter-
current rinsin g is used , the time specit ’ied is for each tan k.

NOTE: It is optional to use indi vidual water -t ’eed. double
immersion rinse in lieu of double counter—current
rinse.

CAUTION: DO NOT SEAL the Chromic Acid Anodized Surface
for Adhesive Bonding A pplica tions.

8. Dry thoroughly at  room temperature  to 140 0 F maximum.

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

9, Prime within 72 hours followin g drying.

5.3. 2 NONTAN K PROCESSES

The non t ank cleaning method s for a luminum are given in the following sections. An abbreviation of
the processing steps is shown in table 5-4. Observ e sa fety procedures and exercise cau ti on in
handlin g the processing solutions. The acid nontank cleaning methods are phosphoric acid non t ank
anodize , Pasaiell 105 . and 2’~ hydrof luoric acid (II F ) .  These are described in the order of prelerence.
A solvent method is given as an alternate. This should only he used with appropriate approval since
this procedure gives bonds with greatly reduced durability.

5-14
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NOTE: Prior to the start of processing, he sure undamaged
areas , crevices , and fasteners are protected from acid

4 contamination by masking off these areas wi th  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 n ontank methods is as follows:

I. Solvent wipe the surfaces surrounding the repair area to remove oil , dirt , grease. etc.

2. Remove the organic finish with solvents and mechanical means or with approved strippers.
The former is preferred.

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

5.3.2. 1 Phosphoric Acid Nontank Anodize ( Preferred Method)

I. Solvent-wipe with MEK , trichlorethane or equivalent.

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

3. Dry wipe with clean gauze to remove dust and debris.

4. Apply a uniform coat of gelled 1 2 ’~ phosphoric acid (table 4-4) or PR 50* to aluminum surface.

5. Place 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).

6. Secure a piece of stainless steel screen over the coating. Apply another coating of the gelled
phosphori c acid.

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

7. Connect screen as cathode (— ) and a luminum as anode (+) as shown in figure 5-5.

NOTE: Check this set-up befo re proceeding: Screen as cathode
(— ) and a/ uminup n as anode (+) ,

8. Apply a dc potential of 6 volts for 10 minutes (4 to ( volts for 10 to 12 minutes are satisfactory ) .

NOTE: A rectifier may be used to supply the voltage and
current during anodizing. Current density should he
in the range of I to 7 amps/ ft 2. In an emergency, a
fresh or rully charged dry or wet cell bat tery may he
used to anodize small areas.

*Gelled phosphoric acid compound can be purchased from Products Research Corporation or
made by adding “cab-o-sil” to I 2’~ phosphoric acid unti l  thickened.

5-16
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Screen (—) Gauze 

Acid paste Aluminum (+1

Anodizing in Process

Figure 5-5.—Anodizing Aluminum Repair Details

The anodizing is shown being accomp lished in figure 5-( .

°. At the end of the anodizing t ime. open the circuit ,  remove the screen and gauze.

10. Moisten clean gauze with water. Lightly wi pe off the gelled acid with moistened gauze w i t h o u t
delay (fig. 5-7) . The rinse delay time is limited to less than 5 minutes. Do not rub the anodized
surface. Immersion or spray rinsing should he used it possible.

I I  - Air dry a min imum of ’ 30 minutes  at room temperature or t’orce — air oven dry at 1 400 to 160 0 F.

I 2. Check qua l i t y  of ’ prepared su rface. A properly anodized s urf a ce will show an interference color *
when viewed through a polarizin g filter rotated 900 at a low angle of incidence to fluorescent
light or daylight. An inspection being accomplished is shown in figure 5-s.

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

NOTE: Machined surfaces or ahraded surfaces sometimes are
( l i f t i cu l t  to inspect l’or color. Rota t ion  of the polarizing
fi l ter  is required hecause sonic pale shades of ’ yellow or
green are so close to white  that without a color -change
inspection , th ey  might be considere d “no color .” which
would t ’al selv indicate no anodic coatin g.

CAUTION: DO NOT TOUCH the Dried Anodized Surface. DO
NOT Apply Tape to the Surface .

,1,,odizing Both Surfaces. - In the case of patch doublers or skin details in which both surfaces are to
be anodized, a se tup as shown in figure 5-9 may be used. In this procedure. both surfaces of the
a luminum are coated with the gelled phosphori c acid , covered with acid—coated gauze ~2 layers).
and then covered with the stainless steel screen as the cathode . I t  is important  to elevate the Part
slightly to allow gases formed during anodizin g to escape from the bottom surface. Trapped gases
will  result in smu t deposits on the surface and poor surface preparation.

*Ori ginal color changes to complementary color when p ol ari , in g fil ter is rotated 90° ,

5-18
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Fiqure 5-7. -- Removing Acid by Gently Wiping With Wet Gauze

5.3.2.2 PasaJell 105 Method (Optional )

CAUTION: PasaJell I OS is Especiall y Notoriou s for Causing
Severe Corrosion When it Has Been Allowed to Fnter
Uiisealetl Joints and Recesses . Mask Those Areas
Prior to Use of PasaJe ll 105. Completely Flush the
Areas to Remove all Traces of PasaJell 105 After
Using.

Solven t clean ~‘~t h  \1I ~K . tri ch ior oethane. or other approved solvent.

. \hr ade w i th  ny lon abr asive P~ut or 400— gr it a l u m i n u m  oxide abr as ive paper.

.~~ . l) r v wipe w i t h  clean gauze pads.

4 . ~\ pp l~ I~i~aJ elI  I ()5 to sur face wi th  a spat ula . h iush , or gauze fig. ~~
— I 0) .

5.20
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Figure 5-8.— Inspecting the Phosphoric Acid Anodized
Surface With a Polarized Filter

Celled acid Screen ( — )

~~~~

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

Gauze Aluminum (+) ~~~~~~~~~ r p tas tic block

Figure 5-9. —Set Up for Anodizing Both Sides of Aluminum Detail

5-2 1
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Al uminum foil tape has been used to m.ike a bdrr ier to contain the ,~cid.

Figure 5- 10.—PasaJell 105 Applied to Aluminum Surface for Bonding

WARNING:  WE AR R u BBER CLOV E S ANt) (~0CCUS
WHEN USING PASAJ E LL. IF SKIN OR EYES
COME IN CONTA Ct ’ WITH AC II ) . IMMEUIA T E L Y
FLUSH WIT h WAT ER.

I ea~ e Pasai cli I 0~ on the sur face for 10 to I S  minu t es.

t~. Wip e o t t  PasaJell . l)o not wipe P asa J ell ont o adjacent areas or crevices or alk ~w it to enter
honeycomb core.

I)ampcn a clean gauze pad wi th  clean water  and wipe the treated area. Repe at .ts necessary and
check wi th  l i tmus paper to be sure that al l trace ot acid has been removed.

Allow to air  dry before applying primer or bonding.

t
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5.3.2.3 Two Percent Hydrofluoric (HF) Acid Method (Optional)

i. Solvent clean with MEK . trichioroethane, or other approved solvent.

~. Abrade the surface thoroughly with nylon abrasive pads (M 1L-A-9962 type A) or 400-grit alumi-
num oxide abrasive paper to remov e contaminants.

3. Dry wipe wi th  clean gauze to remove abrasive residue.

4. Moisten (do not saturate ) clean gauze with 2” hydrofluori c acid solution. Wipe the abraded area
briskly with the pad. Treat thi s procedure as though the HF were a solvent.

WARNING: WEAR RUBBER GLOVES AND GOGGLES
WHEN USING HF. IF SKIN CONTACT IS MAD E .
IMMEDIATEL Y FLUSH WITH WATER.

S. After the acid has worked for I S 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.

6. Within 15 minutes . apply chromate conversion coating (MIL-C-554 1) . instructions for preparation
and application of the conversion coating are given in section 4.3.5.

5.3.2.4 Solvent Wipe and Abrade * (Alternate Method )

Do not use this method without appropriate approval. This nontank method is used only on areas
internal to the honeycomb panel or in areas where contamination of adjacent structure cannot be
prevented if acid were used.

I . Solvent wipe with MEK , trichioroethane , or other approved solvent.

2. Abrade with a nylon abrasive pad (MIL-A-9962 type A) or 400-grit aluminum oxide abrasive
paper.

3. Gauze wipe to remove dust or vacuum off dust .

5.4 TITANIUM SURFACE PREPARATION

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

CAUTION: PasaJell 107 is Notorious for Causing Severe Corrosion
When it Has Been Allowed to Enter Unsealed J oints
and Recesses. Ca efully Mask These Areas Prior to
Use of Pasa iell 107. Comp letel y Flush the Areas to
Remove All Traces of PasaJe ll 107 After Using.

*Use with approva l only.
(
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Sok cut ¼- le alt o i t l i  ML Is or equiva lent  solvent usin ~ clean cloth.

2 . Sand sur l . i ~e w i t h  3 20—grit non sil icone wet or ~li~’ abr asive pape r to remove fore ign material
and sul f a c e  t ini sh

3 Mask ot t  at ca w ith  Lead toi L ot i~0I~ e ster  tape.

~ O I I  l) () N t )  I u~c a chlorinated solv ent such as tuchloroethane
to cIt-an t i t a n ium I ’ecause it m a y  cause hy drogen
en ib r i t t l e men t .  Not e  r e s t r i c t i o n s  in M I L — I —~00_ ! .

4. Wip e sanded sui t . ice s~ itl i  a nonc hi omi n al e d  sot s c u t .  ( ‘hange cloth f re quent ly  un t i l  j il evidence
of ’ sanded dust is removed.

~~ . (‘ oat the cleaned a r ea s~ i th Pasaiel l I 0 ‘ At lo s~ PasaJelt I (Y’ to rem ain for I 2 to I t~ minut es .

u . Rinse ~ ‘ated .ii ca wi th  di st i l led or ~k ,uiner aliied sv JteI to remove Pasaiell . Use blue l i tmus
pape r t o check tor me n i o v a t  ot ’ a l l acid tra ce s .

I ) rv  the treated area at roolti t em peratur e or at I ~~0
O I: ~ ilk a heat lamp.

S. It ’ repair is not completed i i i i n ie d ia tel ~ . prot ect cleaned surfaces by coven ic wi th  clean wr appin g

L~tpei’ . or pr ime the area .

5.5 FIBERGLA SS SURFACE P REPARATION

I l i l s  hand clean method lot  ida ss-tabni c—re in forced su t t ac es  is ac cept ab l e for fiberglass repair s.

I igh tLy abrat le w i th  I 50— grit abras ive paper or e quna le n t .

2 . Remove deb r is w i t h  va cuum.

3. Solvent wipe clean. Wipe surfaces before solvent evaporat es .

4 . Protect the surf ace wi th  w. is-t ’ree paper unti l  the assembly is bonded.

5.6 STAINLE SS STEEL SURFACE PR EPARATION

Use an y ap pr ovetl tank or nont ank process for steel surface preparat ion. l’lie t ’olkswing are suggested
guides tor 300—series , P11, and 400-series stainless steel sur faces.

5.6. 1 300-SERiES STAINLESS STEEL

Sulfuric Acid Pickle

Appearanc e The surface ot 301 and 302 stainless steels shall be uni forml y  etched and smut
removal on the bondin g surface shall be gener ally umfo rm . Some a lt oy s ~3 I ~~ , 3 2 1  . and ~~~
are inert to the solutions and ma~ not etch un it ’otm l~ . l’hese pai l s will etch heavier in scratches
and abraded areas. I’his shall not be cause for rejection.

•Bitie changes to red in t~resenct’ of acid .
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2. Restrictions

a. Su l tu r i c  Acid Pickle may be used on all 300 series stainle ss steels for s t ruc tura l  and non—
structura l  bonding.

b. Parts shall he bonded or adhesive primed wi th in  30 day s af ter  t rea tment .

c. Unpr imed parts that  have exceeded fl i t ’ storage I it ’e shall be processed in accordance wit  Ii
pa ragr ap h s 4 . 5 . and (~ on l .

Procedure

1. I)egieas ing Oils and grease shall he removed 1w vapor degre asing or solvent cleaning. \ ‘apo r
degreasing shall be accomplished using tr ichlo r oethane at I 550 to 1 930 F. Solvent cleaning
shall be accomplished at room temperature .

2 . Alkaline (‘leaning P a rts shall be cleaned for 5 to 10 minute s .  ( ‘lean ing materials shal l  he used
in accordance with the manufacturer ’s r ecommendation s . Repeat as nece~.sar v to remove soils.
The alkalin e cleaning shall be followed by thorough rinsing.

3. Etching

a. The pa r ts shall he immersed in a solution of 25 to 35 1w volume of ’ sulfuric acid in wat er.

h . The parts shall be proc essed for 4 to S minutes  at 1 350 to 145 0 F.

c. Timing shall not start un t i l  gassing is evident on the pa rts.

d. Parts shall he racked wi th  stainless st~~l wire .

e. Parts may he immersed in the acid for about one m in u te. then raised above the acid for
approximately five minutes  or un t i l  the acid starts to react wi th  the steel , af ter  which they
are lowered into the add for the prescribed time.

1 Parts shall be rinsed or placed in the smut remover immediately after  removal from th e
- etch solution.

4. Smut Removal — Excess smut shall he removed by immersing the parts in a solution of ’ sulfuric
acid and sodium dichro ma te. The solution shall be maintained at 22 to 25 th y weight ’)
sulfu ric acid and 2 to 3(~ (by weight ) sodium dichromate . Immersion t ime shall he I to 5
minutes at  140° to 1600 F. The smut removal shall be followed by a thorou gh rinse in water
at room temperature.

5. Final Rinse Immerse the parts in the t inal rinse for I to 3 minutes at 1400 to 1 600 F.

6. Dry - Parts shall he dried at room temperature to 1 600 F.

L.
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I)rv At irasis e Blasting

I .  ~ f ’ f ~~~. I l . I 1 c ~ ’ I l i t ’ su i t . i ee  sh i . i l l  he e~ . t ip Ie teI v  bl~st~t l and the me  shal l  be no sil ’k ’ ev iden ce of
st. i in s or blas t i tu g residue.

Rest r ic t ion s

• \ V ut t i  th e  e s c e p l i o u u  of e s t i e i u i e l ~ t u t u  seet ion\ . I~u~ \ b r a s i s e  Wasi .  in.i ~ be used to
pr ep are all  car b on . i u i t t  p11 steels and 41) 1) set cs s t . u i u u l e s s  s teels  l o t  b ond ing ,

• Pa r t s s h a f t  he t~otided or , R l l I e s i ~. c pruni e d ~ i t h i n  t o u r  hout s  a f t e r  t r e . i tmnenf

Proeetlumrt’ I

I ) eci e.i- . tn ~ t ) ils and tZi e.ise s li . i l l  be rc iuo~ ~‘tl h~ vap or t l egr easm n g or solvent  ck ’anmng . Vap or
e ast tue  shalt  he aceoni pf i s fme&I  usuuig tr it ’li foroelh.unt ’ at I ~~~~~ F to I ~) O F. Solvent elt ’ani ug

s f t . t l l  be . i ceou i tp lush e d  .il r oor i t  t e m p e r a l i t m ’

2. I~r s B I . i s t u t t e  Blast the  sw lace t o he bonded w i t h  So grit  . i l t i uu i i i umn  o \ Ide Bla st uni forml y  using
50 t o SO psi bl . i ~ : u i i e p i e s s tu t e  . \ d t u st  pressure t o pro s ide a d e qu a te  cleaning w i t h o u t  warping.

3 V .ipor l ) eeue .usc  a m id Solve nt l”Iush Suspend t h e  pa rt s  in the  sap ot  Jegreasei and ti tish all
b lasted st i r ? .ices s~ i t h i  clean t r i c lu  loro et h v a n e  Repeat  is 1eeessar~ to remove b la st m ug r esmd uc .
( o ndense~l so k e n t  co l lecte d i i i  a t o r .1c¼ ’ t an k our t h e  ~le~ r~’,ise u uuiav  be used.
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6.0 REPAI R METHOD S , SMALL

6.1 GENERAL

This section provides instructions for making small repairs on bonded aircraft structure. These are
typically used to repair damage caused by punctures , dents , scratches . minor edge crushing, or
delaminat ions . These repairs are essentially the “patch type ” and are comparable to those in the —3
TO , 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 specific aircraft model. These typica lly are dependent on the extent of
the damage or the additional weight that the repair adds to the component. Violation of these limits
may jeopardize the safet y of the aircraft or significantly affect the vehicle ’s flight control
characteristics.

The repair methods that are included here are , in genera l , the best of those that have been reviewed
in the various aircraft repair manuals. As such , substitution of these methods can usually be made
with either equal or improved properties. Certain practice3 in making metal bonded structure repairs
have been established in th is handbook. These are as follows:

I .  Minimum use should be mad e of fiberglass for metal repairs. Fiber glass laminates may be
porous and provide for ingress of moisture to the panel interior.

Fiberglass laminat es have low stiffness when compared to metal , and thus a much larger thickness
of material is re quired to pick up equal load with a comparab k str ain.

A fiberglass patch. in some cases. may be economically desirable. An example is when there is
compound cur vature and it is extreme ly 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. 4.5.1, Fiberglass) .

2. Moisture leakage of honeycomb panels is a major cause of failure . All panels should have a
bonded metal- to-metal seal around the periphery of the repair area of 1 inch minimum width.
Patches over holes shou ld have a minimum 1 -inch-wide overlap. Panels should be leak -tested
after the repair is comp lete.

3. The use of mechan ical fasteners throu gh honeycomb core areas is discouraged. The ar ea around
the fastener is difficult to seal and corrosion commonly occurs. If fasteners through honeycomb
are required , they should be instal led wet , i.e., in holes prefilled with wet sealant. installation
should be as specified in MIL-S-8 1733.

4. The procedure recommended for repairing delaminations , in general , is to re move and replace
the skin locally in the delaminated area. Delaminations are quite commonly the re sult of
improper surface preparation or surface contamination, If the delamination is at an edge , the
surfaces have undoubted ly become dirty or at least lightly corroded. Injecting an adhesive into
the area without properly preparing the surface is not recommended.
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5. It is preferred that a honeycomb core plug be used to replace removed core ra ther than pot ting.
Potting is heavier and may subsequently cause failure to occur because of the local stiffness.
Potting of this type may be used in certain noncritical areas for expediency. This is subject to
approval of responsible maintenance personnel.

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 detail parts making up a repair assembly should be prefi t prior to bonding to ensure proper
mating of the bond interfaces.

6.1.1 COMMON ERRO RS AND PROBLEMS—CAUSES AND RESULTS

In the repair of bonded structure , there are often repeated errors that result in the majority of
-j difficulties. Some of these are listed below . A special effort should be made to avoid these particular

problems.

1. Failure to precisely follow surface preparation instructions and subsequent contamination of
the surface prior to bondin g—The results are a weak bond and bond surfaces that are easily
corroded.

2. 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 operations , by bumping with work stands , by dropped toots ,
or by walking on the honeycomb panel surface.

3. Poor fit-up of details—A mismatch of detail parts can result in inadequate pressure on the bond-
line during cure. The result is a porous and weak bond.

4. Use of out-dated materials—The results are weak metal-to-metal bonds and lack of fillets on the
honeycomb core.

5. 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.

6. Poor repair design—The design must provide for an adequate periphera l 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 COR E DETAILS

This section provides a description of cutting procedures that can be used to fabricate core details
for the small 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 thickness changes.
Vertical cuts can be made with a core-cutting knife. 
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The equipment and procedures are briefly illustrated here . A  more precise identifIcation of th e
equipment is given in section ~.0. The fabrication of ’ core details for large repairs are given in
section ‘~ O .

Flat Cutting

Doubler recesses , edge st eps , or overall reduced thickness may be accomplished with the slicing
equipm ent shown in figur e 6 — I .  ‘Die core is led int o  t t e  rotat ion of the cutter.  A t’ence may be set
up to guide the edge of the core.

Cutter
rota t ion

I ,, Direction
a’

1 
i of teed

~ 0 ‘ ,,
~~~-~~~~ 

~~~~~~~~ — ‘-- 
~~

.

~~~~~~~~~~ ~~~~~~~~~
. -~~

. 
~

-
_ -_‘-z’__,__ - k.,

Figure 6-1. —Honeycomb-Core-S/icing Equipment

An gle Cutting

The cutting of ’ angle edges on tapered wedges may he 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 figure 6-3. The core has been attached to the
angle plate with double-backed tape. Other method s may be used where greater at tachment strength
is required (refer to sec. 7.6.2 . Processing of Honeycomb Core).

6-3
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Figure 6-2. —Adjustin g the Slope of Angle Plate

- Direction
of feed

Figure 6-3.—Angle Plate in Use
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6.2 REPAIR OF SCRATCHES , SKIN SURFACE

Two types of repair are presented. The first type covers the repair of a light scratch where the scratch
depth and length do not significantly degrade the skin strength. For clad aluminum , the scratch does
not penetrate through the protective cladding. The repair procedure for this case involves smoothing
the surface and restoring the protective metal finish.

A second type of repair is provided for deep or clad-pene i~ating scratches. This requires the use of a
bonded metal patch to restore the skin strength and to more effective ly protect the surface.

These methods should not normally be used to repair scratches that penetrate the skin . Repair of
this type is accomplished by removing the damaged area. The 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-penetratin g scratch is repaired immediately and it
is known that no moisture has entered the panel interior. In this case, the method for deep scratches
(sec. 6.2.2) may be used.

During the repair activity, give special at tention to the following items:

WARNINGS: OBSERVE ALL LOCAL SAFETY PRECAUTIO NS
AND THOSE DESIGNATED IN SECTION 1.3.

DO NOT ALLOW CONCENTRATED MIXTUR ES
OR SOLUTIONS TO COME IN CONTACT WITH
SKIN OR CLOTHING. IN CASE OF ACCIDENTAL
CONTACT , IMMEDIATELY WASH OFF WITH
GENEROUS AMOUNTS OF CLEA N WATER.
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WARNING: ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBFR GLOVES WHEN HANDLI NG
ACIDS AND SOLUTIONS.

6.2. 1 l iGHT SCR ATCHES

The following lists indicate the types of ’ ma t er ia l  and equipment  required. R efer to section 4 .2 t’or
the specific identification and application instructions for  materials. Re fcr  to section 8.() for more
detailed information concerning tools and equipment.

Materials

(‘austic soda
(‘heesecloth , bleached , 4-ply pads
Chroniate conversion coating solution
Cleaner , alka line
Cloth , rumple , purified polishing fabric
Paint , finish
Solvent , nonchlorinated (for t i tanium )
Solvent , cleaning
Tape , aluminum foil 0.004 (for aluminum)
Tape , lead toil (for t i tanium )
Tape , masking , hi-temp
Tape , plastic film , nylon
Wate r . disti lled or demineralized

Tools or Equipment

Abrasive pads , nonwoven, nylon
Abrasive cloth or paper , wet or dry , (80 , 220. 320, and 400 gri t , a luminum oxide
Brush , acid, 3f ~- by 1-inch
Burnishing tool , metal- or plastic
Containers, mixing , polyethylene
Emery cloth , 150 , 320, and 500 grit , aluminum oxide (for t i tanium )
Gloves , white cotton fiber
Gloves, rubber or neoprene , surgeons’
Knife , pocket
Micrometer , depth
Rod , mi xin g, meta l or plastic
Safety glasses or shield

Light Scratches in Aluminum

1. Mask the area around the scratch with aluminum foil or polyester tape to prevent further
damage and to conta in the chemicals or acids used during the repair . Refer to figure 6-4.

6-6
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Scratch

i ]jjj iIir Masking tape

Figure 6-4. —Application of Masking Tape Prior to Surface Cleaning

2, Place a dro p of caustic soda , table 4-4, on the clad aluminum skin. If the scratch has pene-
trated the cl:id surface , the base material will appear black. If the clad has been penetrated
proceed with the method described in section 6 .2. 2.

CAUTION’ DO NOT Allow the Solution to Contact the
Previously Cured Adhesive

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

4. 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.

5 . Using 500-grit wet or dry abrasive paper , abrade scratch unti l  scratch is completely removed
and a smooth transition exists from skin outer surface to the abraded depth of the smoothed area.

6. Recheck for clad penetration and measure depth and length of the smoothed area. Compare
with repair l imitat ions specified in the applicable aircraft —3 T.O. manual. If the remove~i
material exceeds the T.O. limitations , repair per the method in section 6.2. 2 should be
considered, The presence of excessive scratches may require skin replacement.

- j 6-7
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“
. (‘lean the smoothed area using a cheesecloth pad moistene d w i t  Ii c l e aning solvent.

NOTE: Once the cleaning proced ure starts , DO NOT TOUCH
with hare hands or contaminate any surface to be
filled , coated , or bonded.

S. I)ry the area using clean, dry cheesecloth.

- - 
t) , Finish surface per section 4.3.7 and the applicable aircr af ’t F 0.

Light  Scratches in Titanium

- Mask the area around th e scratch , using leatl foil or polyest er tape to prevent fur th er  damage
and to contain the chemicals or acids used during the repair , Ref ’er to figure 6—4.

2. Using I 50— , 32 0— . and 500—grit a l u m i n u m  ox ide emery cloth , remove any burrs t’rom the skin
surface along the scratch area.

Smooth until  scratch is completely removed and a smooth transi t ion ex is ts  f ro m the skin
- - outer surface to the sanded depth of ’ the smoothed area.

3. Measure the maximum depth and length of ’ the smoothed area. ( ‘heck scratch l imi t s  for f l i t ’
appropriate skin gage in the applicable a ir cr af ’t — 3 ‘1 .0. If l imita t ions  are exceeded. t he damage
may be repaired by the method designa ted in sect ion ~~. 2 .1 I’he presence of ’ cx ce5~ivt ’ scra tc lies .
however . may requir e skin replacement.

4. I f the damage is wi thin  repairable l imits  for light scratches, clean smoothed area using cheesecloth
m oistened wi th  nonch lorina t ed solvent.

NOTE: Once the cleaning procedure starts , DO NOT touch
with hare hands or contaminate any surface to be
tilled, coated , or bonded.

5. L)ry area using clean dry cheesecloth.

6. Finish surfa ce per section 4.3.7 and applicable aircr aft TO.

6.2.2 DEEP SCRATCHES , ALUMINUM AND TITANI U M

The following lists indicate the types of mat eria l  and equ ipment  th at  art ’ required for the repair of ’
deep scratches. Refe r to section 4.2 and 5.0 f ’or the specif ’ic id entif icat ion ,  pr eparation , and applica-
tion inst ructions for the materi a ls. Ref ’er to section 8.0 for more detai led inform at i on concerning
tools and equipment.
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Materials

Adhesive , film
Aluminum sheet
Aerodynamic smoother
Cheesecloth , bleached , 4-ply pads

• Chromatc conversion coating
Cleaner , alkaline
Caustic soda
Cloth , bleeder
Cloth , fiberglass , 1 81 fa bric
Cloth , rumple , purified polishing fabric
Fi lm , release
Film , vacuum bagging
Paint , finish
Primer , adhesive
Primer , aerodynamic smoother
Putty, vacuum seal
Solution , surface preparation
Solvent , cleanin g

• Tape , aluminum foil 0.004 (fo r aluminum )
• Tape , lead foil (fo r titanium )

Tape , masking, hi-temp
Tape , plastic film , nylon
Titanium , sheet
Water , distilled or demineralized

Tools or Equipment

Abrasive pads , nonwoven , nylon ,
Abrasive cloth or paper , wet or dry, 180 , 220 , 320, and 400-gri t aluminum oxide
Aspera tor , vacuum
Air supply , 90 to 100 psi (w/pressure regu lator , filter , and oil tra p)
Blanket , insulation
Blanket , heater , electri c
Brush , acid , 3/8- by 1-inch
Brush , paint , short bri stle , 1-1/2-inch
(‘loth , emery , 150 , 320, and 400 gri t , aluminum oxide (for titanium )
Containers , mixing , polyethylene
Controller , electrical , Variac or power stat , adj ustable , ac
Drills , assorted sizes
Drill motor , pneumatic or electric (explosionproo f in fuel areas )
Fillet gun , sealant
Fly cutter
Gage , air pressure , 100 psi
Gage , vacuum , 32 in. Hg
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(;h>vc’s , hea t insu latin g
(;Ioves , white cotton fiber
Gloves , rubber or neoprene , surgeons ’
Hose, vacuum w fi t t ings
Knife, pocket
Microm eter. depth
Micro stop, drill

• Pen , ink markin g
• Power supply. 1 1 5  volt ,  (it) cycle , ac

Pressure plate , 0. 125- and 0.250—inch aluminum
Probes , vacuum , connector
Pyrometer , 00 to 4000 F , automatic recording
Router motor , pneumatic or electric (exp losionproof for fuel areas)

• Rou ter templa te s
Safety glasses or shield
Saw , reciprocatin g, pneumatic or electric (explosionproof for fuel areas)
Scribe

• Tin snips, met a l cut t ing
Vacuum source
Wire , thermocoupl e , type J or equivalent

Repair Procedure for I)eep Scratches

I - loc ate  cent er of’ scratch and with an ink pencil mark coordinate lines paral lel and transverse to
the scratch to index the scratch center (see fig. ( i- Sf .

2. Mask the area around the SL’ra tch to cont a in chemicals and to prev ent further damage d t iring
rework. u se aluminum foil or polyester tape f ’or a luminum and lead foil or polyester tapt’ for

• t i tanium.

• 
3 . Remove burrs and blend with adj acent  surface using 220- to 320-grit abrasive cloth or nylon

abrasiv e pads per M l I —A— ~~) 62 type A (‘or a luminum and fine a lum int in )  oxide emery cloth t’or
t i tan ium.

4. I)eter mine the depth and si/c of ’ the smoothe(l ~irea .

5, Determin e the si/c of the metal overlay patch as shown in figure 6—6 . The thickne ss of ’ the
patch should be equal to or s l ight l y  greater than the smoothed area depth. It should he of the
same alloy as the skin.

6. Prepare the metal overlay patch. Add coordin ate lines.

7. Prepare the sur t ’ace of’ the repair .iiea and one surface ~unheveled sidel of th e overl ay pat ch for
bonding per instructions out lined in section 5.3. Observe special notes to keep the cleaned
surface free from contamination.

6- 10
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“ ..—. Mask ing tape
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Figure 6-5.— Marked Coordinate Lines for Centering Patch Plate Over Scratch

N0[1 DO NOl’ a llow the sur fa c e pre p .i r atmon sotut io n ’~ to
contact the previously cured adhe si~ e,

Once the  cleaning proccilti rt ’ ~ta r t~, 1)0 ~~ I lO t  ‘ ( ‘ I I
with hare hands or con t amin at e  any sti ~ f. i ~~’ t o
filled . coa ted, or bonded -

I t ’ the repair Is not continued wi th in  2 hour s
f ’ollowing ck ’an imig ,  the cleaned ar t ’a~ sha ll he covered
using clean Krat ’t pap er.

8, Select the appropriate prim er and adhes ive per instruction s in section 4. 2 . 1.

NOi’F : White  cotton l i n t  less gloves shall he worn ~ hen
handling the ad hesive .

44 Appl y pruner to the repair area and cleaned side of the overlay patch. (‘t ire the primer per
instructions in sect ii in 4.3 , 1.

10, ( ‘Ut ~ piece of ad hesive film the same s u e  as 1ie metal overlay pat ch .

6-1 1
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B.v.lid Detail
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• ill
1111111 1. Length (I) eq uafs the length

ii of scratch pfus tw ice the required

I il li overlap.
2. Width (W I equa ls twice the

requ iv ed overlap.
3. Radius (A) equals one-ha lt of

Overlap the widt h .
4. The overla p length should t)e a

M.tal Overl ap Patch minimu m of 1.0 inch or as
specified by the responsible
eng ineering autho r ity.

Figure 6-6. — Detail of Beveled Metal Overlap Patch for Repair of Deep Scratches

11 - (‘enter the adhesive f i l m  over the repair .m i ca

L. Place the ineta I over lay pa t ch o~ cm th e ad hr,’sive f i lmi t .  Set -tire i n place wit Ii n lon or polyester
tape.

1 3. I oca te th ermocoup les around the patch. Secure in tilace wit  I t nv Ion or ~ol vcst ci tape.

14. Remove the protective maskin g tape.

I 5. Prepare the lavup for bonding in accord ance wi th  section 7. I I  -

I C’ . Bond the o vemlav  p atch per re quirements for th e selected adh e siv e s stem in table 4-3.

I 7 . Remove the bonding equipm ent.

WARNING:  WEAR HEAT IN SU LATIN G GLO VES WHEN
H A NI )L I N C ’ HOT PARTS OR E QUIPMENT.

6.12
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18 , Apply aerodynamic smoother around the patch plate per section 4.3.6.

144 Finish the external  surface per section 4 .3.7 and the applicable aircraft T.O.

6.3 DENTS , SKIN SURFACE

These methods apply to dents t h a t  do not contain cracks. 1)ents containing crack s shou ld be repaire d
by methods used f ’or holes (see sec . (~.4 or (~.S ). Other l imi ta t ions  ap pl y th a t  art’ designated in the
specific aircra t’t model ’s T O , manual . I t is cautioned t h at  de n ts t h at  a re n ot covered by T.() . repair
requirements  may st i l l  s igni t ic an t lv  reduce structural  capa bi l i ty .  Ad d i t ional  guidance concerning
criteria for dent repair should be obtained from the responsibl e engin eering au thor i ty .

Dent

During the repair ac t i v i t y , give spec ial a t tent ion to the f ’ol lowing items:

WARNING : OBSERVE LOCAL SAFETY PRECAUTIO NS
AND THOSE DESIGN ATEI) (N SECTION 1.3.

DO NOT ALLOW CONCENTRATED MIX ES
OR SOLUTIONS TO COME IN CONTA CT WITH
SKIN OR CLOTHING. IN CASE OF ACCIDENTAL
CONTACT, IMMED IATELY WASH OFF WITH
GENEROUS AMOUNT OF CLEAN WATER.

ALWAYS WEAR EYE PROT ECTION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND SOLUTIONS.

6-13 
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The following lists indicate the types of materials an d equipment required. Refe r to section 4.2 for
specifk information and application instructions for materials. Refe r to section 8.0 for more detailed
information concerning tools and equipment.

Materials

Aerodynamic smoother
Cheesecloth , bleached , 4-ply pads
(‘hr oma te conversion coating
(‘leaner , alkaline
(‘loth , rumple , purified polishing fabric
Paint , finish
Paper , K r a ft . wrapping, wax-free
Potting compound , core and ~1ent filler
Primer , aerodynamic smoother
Solution, surface preparation
Solvent, cleaning
Tape , aluminum foil 0.004 ( for a luminum )
Tape , lead foil (fo r t i tanium )

• Tape , masking. hi-temp
l’ape , plasti c film . ny lon

Water . distilled or dcmineralized

Tools or Equipment

Abrasive pads . nonwoven , nylon
Abrasive cloth or paper , wet or dry, 180. 220 , 320, and 400 gri t , aluminum oxide
Air supply, 90 to 100 psi (w/pressur e re gulator , filter , and oil t r ap )
Brush , acid , 318- by 1 -inch
Brush , paint , short bristle , 1- 1/ 2-inch
Containers , mixing , polyethylene
Emery cloth , I 50 . 320 . and 400 gri t , a luminum oxide (fo r t i tanium )
Fille t gun . sealant
Gloves , heat insulating
Gloves , white cotton fiber
Gloves, rubber or neoprene , surgeons’
Heat lamps . 200 to 350 watt (explosionproof)
Knife . putty
Knife , pocket
Micrometer. depth
Pen , ink marking
Power supply. 1 1 5  volt , 60 cycle , ac
Pyrometer , 00 to 4000 F , automatic recordin g
Safety glasses or shield
Spatula , wood or metal
Vacuum cleaner , industrial or hand-type
Wire. thermocouple , type i or equivalent

6-14
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6.3.1 REPAIR PROCEDURES FOR DENTS

- Locate the center of the damaged are a and wi th  an ink pen mark coor dmn .m te h u e s  wh ich .
if ’ extended , would pass throu gh the center of the damaged are a

2. Mask ot t  .111 area approxim atel y 3 inches beyond the dantaged aiea to prevent  f u r t h e r  damage
and to cont ain any chemical or acid used durin g th e repair. L i se a luminum to i l  or pol yester  tape
for a luminum skins or lead foil or polyester tape f o r  t i t an ium skin s .

3. U sing 22~~. 3 2( 1- , or 400-grit abr aci ~ e paper or ny lon .it ’m.isi ~ c pads fo r a l u m u m n u t i t  ~I 1 32 ( 1-  or
400-gri t a luminum oxide emery cloth for t i t an ium , abrade th e dented area l i ght ly  unt i l  a high luster
is obtained.

4. (‘lean t he dented area per instruct ion s for  bonding in sect ion 5. 3

CAUTiON : Once the (leaning Procedure Start s. 1)0 NOT
TOUCH With Bare Hand s or ( onta muina te An y
Surface to Be Filled , Coated , or Bond ed ,

1)0 NOT Allow Solution to Enter The Assem bly
or Contact the Previously Cured Adhesive .

5. Apply primer it ’ required , on the prepared surface , pe r section 4 .3 . I .

CAUTION : Primer Should Be Applieu Within 2 Hours Af t e r
the Dented Area is Cleaned.

Primer Must He Smoothed Prior to Cure

t~, Apply aerodynamic smoother to dent (per sec. 4.3. o) to r eturn area to ski t i  contour .

~‘. Remove prot ective tape from area around rep a ir.

8. Locate thermocouples adj acent to the repa ir. Secure in place w i t h  n~ Ion or polyester tape.

‘~~. Cure aerodynamic smoother per instructions in table 4-3 or n ianu t ’.mctu rer ’s i nstruct ions.

10. Sand smoothed area wi th  32 0— or 400—grit ahra si~ e cloth or fin e enierv cloth to improv e s t i r t . i ~e

contour and smoothness (r efe r to step 3 above ) .

I I .  Finish externa l surface per secti on 4.3, 7 and applicable a ircraft  1 .0.

6-15
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~~~ .i f l() (  1 l\ ON~ S-~NI )Wk ’1l SKI N OR SKI N 1) 1- 1 \%I I N A l ’IO N ,
NO t ORI -  1) ~M

Ibis r I t %~c~t ui¼ ’ .ippttes to tto le\ in om ie sk i n  ot .1 h one s  ~o~n k ~ s, i n tt W i ~~f t  ~ h e r e  there i~ no ~ ‘me
C scc II.’ I ’ 

- i I he holes nia~ \ r is .iIt ~ be e,iused t ’’~ eo rit! c s om

I lii ’-. r io . e3 t i i c  sh ould .iL st ’ be used to t  t f i ~’ i t ’f ’ .ii r of de l , im ina t r ot rs . t)c Limi i i a t r t r i i s  should not be

~‘t’ , i i ted  ., i i m i p l ~ f ’~ ir ic ~ t i ng .idliesi~ t’ s i t i ~ c th e delaium .tt ed sw t .uce lr.is undou b te d ly  been cont aniii i . i cd
.rnd must be ¼ l e a l i e ~l pm tom to t ’ o r i d i i i r ’

r u e  th e  rc; ’ . i i r  . i c l i 5  i t ~ . gi\ e spc~ u t t  a t t e n t i o n  (o the  C o1fo~ ri t ~ it c iu l s

~% ~R\ l \ t  OB SL :RVt % t I LOt ’ U S \ l - I )  I PREC \U l I ONS
\N l )  111051 UF SlGN.~ I l - U IN SUTION 1. 3.

1)0 Nt) I Al I OW CONt’FN I’RA I F)) MIXES
OR SOUl l IONS TO tO M E IN CONT ACt ’ WITH
SKI N OR (TO THIN G. I N C ASE OF ACCII)EN I ’~~L

• (ON 1 \t ’ I , IMMF I) 1 -‘ li- I \ ~% . ~Sll OFF WITH
• \ ( ; I -NFROL s A M O U N t  OF CLEAN I~ Ai’FR.

s~t . W ~\ S  WL ’ AR I \ 1 P K O l ’FCI ’ION I )FV R ’F S

~N l)  RUBB E R ~~t O \t S  WH EN LI & NL ) LI N G
\C I1 )S ~Nt ) SOL U l iONS .

IF I’HF R E P-SI R IS IN A FU E L t A N K  AR E A
I ’ IlL’ i ’L l I I ~N K PR E SSURE SH.-~l I BE
RI I IFYFU PRIOR TO SI &R l ’L N G THE R t’ P - t lR.
OBS1- R

~~
F O)’HFR PRF( ’AL I 1ON \RI PRO-

CFI )U RES ~S t)L”SIGN U’FL) BY I ’HL S\FFTY
OF }”R ’FR.

l h ~’ to t lo~ u r i c  l i s t s  i nd icate th e  t \  pcs ot i i r , t tc r m. t t s  .intl t’t lu i t ’ t i i t ’ti I ,t ’, i u u r , c d  R e f e i  t o se~ t i ou 4 . 2 to t

st~ ’~ i t i C  iri toi  in , i t a r n  .iii ~l .ipphi c , u t io n  m ns t i  t t c i i o u l s  to t  iuateu.il s . R~~t ’t’i to se c t io n ~.0 fo r mn& ’r t ’
Jt’t ailed i n t orn ut io ’i  ~ ‘ri eei n i t r i c  Io~ Is and e q t m i p i i i e m r t .  Refe m to scctk ’n  I L~.O for \ l ) I  rL’t luii’ t’i t l t ’nts .

\t aterials

\~tt i csivc , t’i lnt
Al u mni i ru n i  slit ’t’
( ‘ t t t ’est ’clt ’t It , blea~’lrt ’tl . 4 ph pads
( ‘hro mna te convt ’rsioum ~~ ‘.t t i  i re
‘k’,int’r . .ilka ti ir e

( ‘loCh . bketk’r
(‘Ioth , r un iplt ’. pu t it ’ied p olishi ng f ’al ’r ic
I dmir , re l t ’ .ist ’
Fi l i r t , va cuuni  fs ,iggimr g
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Hol e or delaminatio n

Metal
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.‘ “ - Metal plug
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dhesive
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Figure 6-7. —Schematic of Repair of Surface Puncture or Delamination
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Paint,  finish
Paper , Kra f t . wrapping,  wax-free
Primer , adhes ive
Put t y .  vac u u m sea l
Sea la n t
Sol ut i on , surface prepar ation
Solve n t , clea nin g
l’ape , a lu m inu i r t  foil 0.004 for a luminum ’)
Tape . do uble-hacked
tape , lead foil (fo r t i t an ium ’)
ta pe. masking, h i— t emp
tape , p lastic ii t in , nv Ion
t i t a nium , sheet
Water , distill ed or d emiut er ah iz ed

Tools or Equipment

Abr asive pads . nonwov en . ny lon
.-~hr asive cloth or paper , wet or dry . I 80. 220 , 320 . and 400 grit , a luminum ox ide
Ai r suppl ~ , &)0 to 100 psi tw pressure r egulator , filter , and oil tra p )
Blanket , insulation
Blanket , heate r , electric
Brush . acid . 3 :$ .  by 1-inch
Brush , paint , short bristle . 1-I /2-inch
(‘onta iners , mixing,  polyethy lc it ’
(‘ontro l ler . electricaL , Variac or power stat,  adjustable , ac
Drills , assorted sizes
Drill motor , pneumatic or electric (explosionproof in fuel areas’)
Emery cloth , 150 . 320 . and 400 grit , aluminum oxide (fo r t i tanium ’)
Fillet gun , sealant
Fly cutter
Gage . air pressure. 100 psi
Gage . vacuum , 32 in. Hg
Gloves , heat insulatin g
Gloves , white cotton flher
Gloves , rubber or neoprene , surgeons ’
Heat lamps . 200 to 350 watt (exp losionproofl

• Hole saw assembly
Hose , vacuum w/ fi t tings
Knife , putty
Knife , pocket
Micro stop , drill
Pen , ink marking
Power supply , 1 1 5  volt , oO cycle , ac
Probes , vacuum , connector
Pyrometer , 00 to 4000 F , automatic recording

6- 18
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Router bits , assorted sizes
Router motor , pn eumatic or electri c (exp iosionproof for fuel areas )

• Router templates
Sa f’ety glasses or shield
Spatula , wood or metal
Tin snips . metal cu t t ing
Vacuum cleaner , industrial  or hand -type
Vacuum source

• Wire , thermocouple , type J or equivale nt

6.4.1 REPAIR PROCEDU RES FOR A HOLE IN ONE SKI N OR DELAMINATION . NO CORE
DAMAGE

Use the following repair procedures:

• I .  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 fig. (n—8 ) .

2 . Mask the area around the repair area to prevent further  damage during rework. i~’~e a luminum
f’oil or polyester tape for a luminum and lead foil or polyester tape for t i tan ium.

/

:ii~d m na

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

of s kin ’to -core

EL .9 delamination

1.11 1 ¼ in. dia p ilot
jjJjJJ) hole

Figure 6-8.—Marked Coordinate Lines for Centering Patch Over Hole or Delamination
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3. Rt ’mnove th e  ski i i  a m u i n i m i t n i  of (I . 25 inch b ey ond t iit ’ edge of li l t ’ damaged or dt ’la m m n a te t t  area.
I se a car b id e—tipped cu t t e r  for I i t a n iumn .  i t i j l d  steel fo r a luminum . Note tha t  a cii tu l . i i  cut u s
usuall y the  eas iest to m ake wl ier t ’ i t  Is app l ic ab le .

CAUTION: 1)0 NOT (‘Ut Through the Adhesive Layer Befwecn
tIre Skimi an(I (‘ore.

-t • Ren i ov e f l i t ’ d ai i ia gt ’d I o r l i on of I I r e skin or the por t ion of the skin covering the del am in ated
, ii ea . ( ‘oo l i mic w i t h  dry ice nra v f a c i l i t a t e  i-emuov j u g t i r e  circul ar piece. Be cart ’t ’uI n ’ t  to damage
th e core,

5 . Ii ’ t he edge of the skin patch comes ot t  qu i te  ea si ly,  i nd ic at ing  a poor bond , th e hole si/ c  sh ould
he enlarged. l h r i s  can he done b~ r e a t t a c h r i n g  the  skin patch w i t h  d ouble—backed tape ~~1ltt

• sel ecti ng a larger t l i an i t ’e r cu t t e r ,  l im e i r r a x m n r u n r  liti l~’ s i/ c  l imi ts  are s t ipulat e d in t i r e  applicabl e
a i r c r a f t  — 3 1 ( ) . man ua l . For lar ger at c ,rs . the ci’ • - ‘ sk i  in sho uld be rt ’mo\ ed and r ep lacett per
sectio n ~,0.

N o t E :  •\ i t  ci t t r ~’ skin is rt ’moved. and if ’ t hr er t ’ is core damage .
make the rep a ir per sect ion ~~~~ I t t he  core is n ot

• da m image d . conhiu t t t ’ wit h th is  procedure.

Insp ect for  t i lo i s t  Lu r e  and corrosion. I F moist tire or
cor rosion is pres ent.  i t s  ex t e nt  t i t l i s t  hk ’ dt ’tt ’r tmned and
it n i l i st  he reni oved , Ii the  repair .ir i .’.t is co nt an t i i i a t e t t
w i th  fuel or Ii ~ t t r a t i l i c  t l u j t l . use \ I I K or anoth er
s ir j t ah le  solve nt ,  a ud a bru sh to t’lt ’an , I~e sine (l ie area
is free f rom c u n t a m i n i n a t i o n  a m id t l i ~ before pi’ocet’~I ing
w i t h the repair.

(~ . Fabr ic ate  ( l i t ’ m i i e t a i  deta i ls. M a k e a p lug .tn d cover pl ate I’iom a lumni nun i  or t i t a n i u m  sh eet
stock . l h t ’se shall lx’ th e  saint ’ th ickne ss am i d al loy as t l i t ’ sandwich skin.

a. l ) e t e r mi mrt ’  the  alloy of ’ h i t ’ sa ird wi d i  sk imi i’m ’omu f l i t ’ —3 1, 0. manual ,

h . l) eterm ui ne tI r e thickness of ’ skin from tl it ’ app licab le a i r c ra f t  — 3 1 , 0. manual  or b~
“mik in g ’’ the  removed skin plug.

c. (‘ut the plug to sir t ig l y  f i t  in to the skin hole.

~J , ( ‘ta t  f l i t ’ i O ~ er p la it ’ of Si / t ’ to provide a sri f ’f ’ii’it ’nt I,ond overlap. l iii ’ d i amllt ’tt ’r of t hi t ’

co~ er pl a I t ’ shill  be a m in imu m of ’ 2.0 inches greater than  tha t  of ’ t l i t ’ h ole or .t s spec if it’d
h~ the responsib le engineering au tho r i t y .

t’. It ’ f lit ’ a luminum or t i t a n i u m  exc eed s 0.025 inch in t hicknes s . t lit’ cover pl at e edge sha lt
he hevt’k’d per f igur e  u— t I

I I ‘ sing an ink pe nci l . draw coordin ate line s through the center  of t aper ed side of ~,‘o\ ci
pla I t’ I t’ig. u 10),



¶~~~

_ _ 

~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~ ~~~

0.020 ~~~~~~~~~ ~~~~~~~~~~17t ’3t 
t

Figure 6-9.— Beveled Edge of Patch Plate

Coord inat ~~~~~~~~~~~~~~~~~~~ ,/
_.____Cov er plate

Figure 6- 10.— Beveled Patch P/ate With Coordinate L ines

7. Mask t i r t ’ holt’ in th t ’ skin w i t h r  ta pt ’ to prt ’ve m r (  conta m ina t ion  durim i g cle aning of h u t ’ skin
surface , Use a luminum foil om p olyesf er tape on ; mlumr r , m r un r  skins anu. t lead toil  or poiy t ’slei tape
on t i t a n i u m  skins , Wl i em r  covt’t’i ug f l i t ’ colt ’, over lap f l i t ’ skim i  s t t i I ’ace () , Out ) 0 t ) 2 t )  i m i c i r i ’s S~’~’
figure t~— I I  - Similar l y  mask around the cu tou t .  k ’a v inr g t h u . ’  area clear tha t  will  be clcant ’u. t to m

• bonding th u.’ p atc h pla t e .

S . Remove any organi c f in i sh  f ’ro mn the sur fac e of ’ f l i t ’ repair urea usi mi g I SO—grit  abrasiv e clot i i .
St’condlv, sand f l i t ’ a rea to a sat i i i  f ’ im i is hr w i th  a 400—grit ahr a sivt ’ t’loth or t ’ine t’irr t ’rv clot hr .
Ny l on abrasive p~m d s may he used to polish t hu.’ s u i t a c u . ’ of ’ t i l t ’ a l u n r i mum i r n .

0, l’rt’pa ru.’ f lit’ surface of ’ the core and t h i t ’ skin urea to be bonded pci ins t ruc t  ions out lined in
sect ion 5.0. I )o not remove the coord i i r a te  lines.

CAUTION: Omice ti le Cleaning Procedu re Starts , DO NOT
TOUC h With Bare Hands or (‘omi t am im rate An~
Surface to Be Filled , Coated , or Bonded.

1)0 NOT ALLOW tire Solutions to Enter  fire
Assembly or (‘ont at’ l tire Previously Cured Adhesive,

10. ( ‘lean b oth siu.h t’s of the metal plug and one sid u.’ of ’ t he cover phi t t’ (opposi tu. ’ the l’ u.”~ u.’ i ) . •-\g ai n
obse rve special not es regarding touching the u.’lt’aned suri ’acu.’s.
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Figure 6-11. -Application of Masking Tape Prior to Surface Cleaning

NO FE : I f ’ t ire repair is not cont inut ’d wi t l r im i  2 hours fo l l owing
cleaning , the cleaned art ’a shall be covered w i t h  clean
wax- f ’reu.’ Kr af ’t pape r.

I i  . Appl y pr i mr r t ’r and uu. t h t’sive . Po sit iomr fl i t ’ ski n plug and covet p laI t ’ for  bondin g.

a. A pp lv applicable ~ri mt’r to sk imi urea . p lug and co’ t’r p lait ’ per su.’ ci ion 4 .3. 1 - (‘ti re as
rc’n l Ial red .

NO I’F: White cotton , limit less gloves shall he worn when
handling adhesive.

b. Remri ovt ’ the requir ed adhesive from storage m d  observe precautionary not e (sec I .2 . 5 ~.

Do not touch the adhesive with hart’ hand s.

c. (‘ tat two adhesive disks , the same dia m eter as tire cover i~latu. ’ and plug. See sections 4.2
ami d 4.3.

d. Place exposed side of tire larger adhesive disk on the clean side ot ’ tire cover pl a it ’. Place liii ’

other disk on eith er side of ’ the plug.

e. Place t i re plug in tir e cuto u t with (iii’ adhesive side down. Align the cover p late coordinates
with  repair area coordinates wi t h  tire adhesive side down. Place the cover plate over tire
plug and secure in position wit h nylon or polyester tape (11g. u- I 2’f.

12. Remove the protective maski irg tape surtot inding flit’ repair area.

6-22
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To vacuum sou rce Vacuum gage Pyrometer , 00 to 4000 F
range ~~~~~~~

Release film to prevent Vacuum Probe

/ ~~‘

,
,‘
“~~~
“ 

Thermocou ple
Vacuum located 1 in.
seal putt y from patch

Electrica l leads from
bleeder heater blanket to
cloth . • . • • • . variable voltag e

control
Nylon or mylar bag film Heater blanket

Bleeder :both

“
‘— Release film

~ 1 1 1 1 1  T I I l l  1~Plug 
Ad hes:ve 

Variable voltag e suppl y

Figure 6- 12. — Finished Layup Ready for Adhesive Cure
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13. I t¼ - al t ’ Iht .r mnocon lu lt ’s around f l i t ’ i e u u .iii .mic . i

14. I’t e h u t t ’ t i me repair t o m h omi di n g in a cc o m mi . i i t c t ’ ~t m t f r  sectio n sec. ‘ . 1 2 )

I 5 . Bond l i i i ’ repa ir per i’u.’quiui ’ mmii ’mIts  fin f l i t ’ wleck ’d as.Il it ’si~t’ s~ s l e l l i  in t able 4— 3.

I ~~ . R en r iwu.’ bt ’ird ing t’qu m p lrr ent  u f ’t t ’r cure cycle is coin pick’

W A R N IN G :  WE AR h I L .~ I INSULATIN G GLOVES WHEN
-• HANDL IN G IlOT PARTS OR E QUIPMENT ,

17.  Rt ’nrove i’S cu.’ss .id lui ’st vc flash I sec

I S In spect I’t ’i sect to t r  10 . 1

I °. Seal aro und l i i i ’ edge of ’ t h u . ’ pu t t -h 1lLit ~’ w i t h  seal ing compound ( r e t e m  to sec 4 . 2 ant I 4 3 n )

20. App ly t i i i i s l i  pci sect m u i r 4 ,1, ’ and tire appli cab le j i rcr u t ’t I .0.

6.5 HOLE IN ON I - SANI)WIC1I SKIN , DAMA CFI) CORE

I’ht’~t’ l i i t ’( lioi.hs apply  to tu. ’pa ii ’ wh en ’  .1 1u  m i d it r u.’ or de mi t iu .ms  ~ia ml iagt ’tI one s k iam j~~~ti h i t ’ i i i i i ) it ’u.hj fe
core u r u.’.i I w o  basic types of ’ mt ’paim a rt’ covt’rt ’d mi r I Iri s section , I f tc  t i m  s u t i l i z e s  a rept m~’emui emit c o m e
pl ug to ru.’p f at - t’ the u.l~inugt ’d honey comb. t h i s  irrt ’t hod is gt’nerally prefe r red. A second met h o d  is
im rcl t i dt ’d which covers rep lacement of t h u . ’ colt ’ w ith po t t ing  mat er ial .  l ’h is nit’t tro d irru ~ be less
t’xpen sivt ’ and inur e exp edient.  It should he used for  sn r uhl  holes omit ~ I t s  l ist ’ is sub it ’t’t to .i ppmo ~ .il
of ’ f l i t ’ responsible t’ngint ’u.’rin g author i ty .

Other l ium i ta t i o ns  ,mp piv tha t a l e  t lc sm g, r a t t ’tI in l i i i ’ specific aircr ah ’t model ’s I 0 mrra nu u l .  I n s t ru ct ion
fo r the r epair of inure ex tens ive  danra ge is given i i i  section ‘.O. Imr s pu.’ct iomr m ns t i u c t to i i s .ti e gi~ cii
in section 10.0.

Du r imrg t i re  r ep a ir  a c t i v i t y , give special at te m r tm on  to ti l t ’ fo ll owurg l I t m u s :

WARNING:  OBSERV E ALL LOCAL SAFETY PRECAUTIONS
ANt ) THOSE I )F SIG NATFI ) IN SECTION 1 , 1 ,

1)0 NOT ALLOW CONCI” NTRAT FI ) M I XTURES
OR SOLUTIONS TO (‘OME IN CONTAC I ’ W1TH
SKIN OR CLOT h ING. IN CASE OF ACCR)EN 1’AL
CONTACT ’, IM M I DIAT EL\ ’ WASH OFF WITH A
(W NFROt 1S AMOUNT OF CLEAN WATER.

ALWAYS W E AR I- \ ’L ’ PR OTECTION DEVIC E S
.~N l) RUBBER CLOV ES WHEN LIAN I )L IN G
ACII )S AN t )  SOLUTIONS.
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WARN I N G : IF THE REPAIR IS IN A FUEL TANK AREA
THE FUEL TANK PRESSURE SHALL lIE
RELLEVEL) PRIOR TO STARTING THE REPAIR.
OBSERVE OTHER PRECAUTIONARY PRO-
CEDURES AS I)ESI GNATEI ) BY THE SAFETY
OFF iCER.

Thu. ’ following lists indicate tire typt ’s of ’ materials and equipment required. Refer to section 4.2 f’or
specific information and application instructions t’or materials. Refe r to sectiom i 8.0 for more detailed
int ’ornrati on concerning tools and equ ipm nen t.

Materials

Adhesive , cure splice foam
Adhesive , f’ilnr
Adhesive , paste
Alum inum h oneycomb core
Aluminum sheet
Cheesecloth , bleached , 4-ply pads
(‘hroniate conversion coating
(leaner, alkaline
(‘loth , bleeder
(‘loth, rumple , puri fied polishing fabric

• Film , releast ’
• Film, vacuum haggimig

Paint, finish
Paper , Kr a f t , wrapping, wa x - free
Phenohic sheet , d. I 25-inch
Potting compound , core and dent fiIlu. ’r
Primer , adhesive
Primer , sealant, au.’rottv n an - smooiht’r
Putty, vacuum seal
Sealan t , aerodynamic smn ro o t  her
Solution , surface pr ep ar at i t
Solvent , nonchlorinated ( for t i ta n iun i l
Solvent , cleaning
‘I’ape , aluminum foil 0.004 (for a i uminum n ’i
Tape , double-backed
‘l’ape , masking. tn —tem p
Tape , plastic f ’i hmnn , nylon
Titanium , sheet

• Water . distilled or demineralized

Tools or Equipment

Abrasive pads , nonwovt ’n , nylon
Abrasiv e cloth or paper , w et  or dry, 180 , 220 , 320 , and 400 grit , a lumim ium oxide
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Aspirator , vacuum
Air supply, 90 to 100 psi (w/pressure regulator , filter , and oil trap)
Blanket , insulation
Blanket , heater , electri c
Brush , acid , 3/8- by i-inch
Brush, paint , short bristle , 1-1/2-inch
Containers , mixing, polyethylene
Controller , electrical , Variac or power stat , adjustable , ac
Drills, assorted sizes
Dri ll motor , pneumatic or electri c (explosionproof in fuel areas)
Emery cloth , 1 50, 320 , and 500 grit , aluminum oxide (fo r 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 (explosionproo f)
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. 1 25- and 0.250-inch aluminum
Probes , vacuum , connector
Pyrometer, ~ 0 to 4000 F , automatic recording
Rod , mixing, metal or plasti c
Router bits , assorted sizes
Router motor , pneumatic or electri c (explosionproof for fuel areas)
Router templates
Safety glasses or shield
Scribe
Spatula , wood or metal
Tin snips , metal cutting
Vacuum cleaner , industri al or hand-type
Vacuum source
Wire , thermocouple , type J or equivalent
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6.5.1 HONEYCOMB CORE PLUG REPAIR

l’wo types of repair are presented. Otre covers the situation for thick sandwich where the repair
extends only partiall y through the depth. The other is for a repair where the full depth of core is
replaced. These repairs are shown schematically in f’igure 6- 13. The repair steps are as follows:

1. Apply masking around the repair area to prevent further damage durin g rework and to contain
chemicals or acids , Use aluminum foil or polyester ta pe for aluminum and lead foil or polyester
tape for t i t an ium.

2. Using an ink pencil . draw coordinates which , if extended , would pass through 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 ,  Proceed 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 solvent , and a brush to clean, Be sure the area is
free from contamination and dr y befo re proceeding
with the repair.

4, When damage removal is complete per sect ion 8.1 , mount a mushroom -type sanding arbor in an
air motor. Attach a small diameter 220- to 320-grit aluminum oxide disc, Remove the remainin g
core ends and adhesive fillets to a smooth finish , If bare skin is exposed throu gh the adhesive
film , reclean per section 5.3. This is a faying surface for rebond Ing later in the repair sequence.

5. Remove the sandin g dust and debris with a vacuum cleaner.

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

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

8. Core plug fabrication

a. Cut and fit a core plug. Select the core density , cell size and alloy to he the same as 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 rou ted cavity. Trim the core surface to be flush with  the

surface of the skin. V

c. Carefully remove the tr immed core plug from the machined cavity.
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Damaged Sandwich

Full D*pth Repair Partial — Through Repair

+ +
F __ 

Patch

_________________________________________ 
Pj tch pta t e

~~~~ate I
I Adhesive ti fm

______________________________________ Adhesive f it m  
Core

1 ~ I I Hf IHI splice adhesive

I - — Adhesive
Core splice adhesive I

I ~ OO 1O in . me t al shim

I I I I
I — Adhesive fi lm Adhesive film

_ _

_ _
_ 

~~

h 

~~~ I’ ll h n ~~~~~~~~~~~

ill ~fl In fi n ~ (II fl~’1 ~~ ,~ ft ~
Figure 6- 13. -Schematic of Repair for Damage to One Sandwich Face and Core
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Cooidinate —lines ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Damaqe d .11 i’a

Figure 6- 14 — Marked Coordinate L ‘flr’S for Cen wring Patch Over Co t ’ Plug Repait

d 4. Ie . mm n t ine core plu g per ~ ‘ - t  ot t  “ .2

• I~ ‘c tv tc t ~torot’tt ~,mc OT oth er .n~ pro~ C~I ~t c~’n ~‘.i~er~

(‘ ti. 1lO~\ Cleamn %% init e Cotton L imitless ( .lo~ e~ Shall Be %% orn
When Han dling Cleaned l)etails or the Adhesive .

• Ls c  c.t u t t o m r  ~ lut e ~k ’a m ni m ng t ine  core p lug .

• Pi.i~- .ur over  t i t t’ p lug unt i l  all odor of cleaning solvent n~ R ’tn nt wt’~l. Be careful not to
dannr.ige the cell ~ .mli ~ ~ it h a mr .n ir i~l.t~t. 4. ‘~ireful 1v ~u r .nk ing  tine co me p lug to r em ove tine
so l v em nt  i~ .t ccep t .ible -

e , %~rap th e core plug i i  cle , imr . ~ .i~ fr ee K r a f t  paper un t i l mre ed ed for . is sem r rhl v.

t - . ih r ic . i me t he t \m tc ln plate

Select t ine  nr at eri al  to he tine s.itnie .i~ the sa mn d wic ln t.mc e i r r a ter ia l  t ina t t~ h e iin g p at ~ined .
l ine g,tc~’ should h~’ tire same .ts t h a t  01 th e t .i~-e mrr a t e r ia l  or, i t  not .i~ . t  t. m He . t i n t ’ mre ~he.i~ icr gage .

I’. ( u t  out  t i n e  patch plat e to he tin e d i a m m net er  of the hole plus the allow.mi r ec to t  o~ e r lap .
I ir e o~ t’rla p sin on Id k’ a mu I in m nru inn o I I . () i in ¼’ln or .i s ~l~’sigmu ted h tire FC Pt ~i h Ic

• elngnneer ing .nu t horit
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c. It ’ the patch plate exceeds 0.025 inc ines in thickne ss , beve l t ine  edge of one side as shown im i
figure o- IS .  Add coordinate litr es. H

• Beveled edge

o.o2o+g

~~~~~~~~~~~

-

~~~~~~

17t±3t

Beveled Detail

~~Coordinate lines

Patc h Plate

Figure 6-15.— Detail of Beveled Parch P/ate and Coordinate Lines

10. Prepare the adhesive and metal  shim:

a. Select tIne appropriate adhesive film per section 4.2 or the applicable aircrat ’t TO .
Observe prec auti onary notes when removing refri gerated material from storage. Do not
touch tine adhesive with hare hands.

b. (‘ut one disk of adhesive to the same size as the repair cut-out (cut out tw o disks ii ’ a
p art i a l- t inroug in repair is being made (see fig. 6-1 3).

c . It ’ a partial—throu gh repair is being made. also cut out  a 0.1)1 0— inch—thick a lun n i n u nn  sin im - •

the same size as the re pair cut-out.

d. Preassenible details to ensure proper fi t .

I i .  Prepare both surfaces of the metal shim (if used) for adhesive bondin g per section 5.3 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 Hands or Contaminate Any Surface To Be
Filled , Coated , or Bonded.

DO NOT Allow Solution to Enter the Assembl y or
Contact the Previously Cured Adhesive.

6-30
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CAUTION: Observe Requirenrents for a Clean Envir onnn ent .

Wear Clean White Cotton Lin tl ess (‘iloves When
Handling Clean I)etai ls or Adhesives.

1 2. •-\ss .- n ih le  tine r epair de ta i l s  t’or ini t ia l  b ondmmng

a . Remrr o~ c st’pa r ator t i l i rn  from omne of t in e adhesi~ c ti i’~Ls a nd po sit i o n t ln ~’ ,i dhe sive f i t  in
the hot to ur of ’ t ine cut— o ut -

h . If a part i al—t inro ug h repair is beim n g nrr ad e . p lace the 0.0 10 tr i .-i n met al  sit  m in i on mop of the
att hesi~ t’. ( ‘os er wi t in  the second adh esive disk. Be sure to retnno ~ e t h e st’p.i r at on ’ i l t i n .

c. Pos ition a Li~ er of 0. 050 or 0.100 inch core sp l ice .idhesi~ e Ioam rn t ape around tin e in~n de

edge of tine ca~ mt ~ (see fig. t~— I u )

d . Caref ’u II v insert th e core p lug u n t o  t ine c av i t \  - o r ient t i r e  ribb on dir ect ion ~ t t he core plug
• foil to he ti n t ’ ~anre  as t hat  ot t i n t ’ sa nd~ ncl n co m e . i~e caref ul m n o t to push tin e id iiesi ~ e t ap e

d own the side of tine cavit y :ns t ine  core is inserted. F il l a m y  vo ids wnt h  ad d it  i om na l  adhe si~ e
foann tape. The core plu g should ex tend sligh tl y above (appro x 0 ()  10 in. ) t i l t ’ face ~ur f aee

A 
Foam ing core-sp lice adhesive
(CUt in Strips fo r installation)

I 

A

Ltt
~I1ti

aI!tl II ~~~ 
•

~1iu1~ 
Metal shim

_k \ 0.500 in 0.010 in.

~~~ II (I . t iui iui
Adhesive film

Sic A-A

Figure 6-16.—Application of Core-Splice Adhesive and Metal Shim Plug for a Partial
Through-Repair
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I 3 . I o ate three t i n t ’r m n n o~oupk’s. equall y spacet f ar ou mid ti r e ci U t  p l u g .  I i s t e r i  i i i  place u sing ny lon
or pot v ester t ape

14 . Pr ep are t i l t ’ repair ,ir t ’.i for  ini I i ~~l bondin g in ac cord amn cc w i th  se t l i om n  ‘. h i  -

- Bomn f t lie r ep .iir per re quir enne i l t s  ¶ ‘r t ine  selecte d adhesi ~ e ~~~t t ’I t i ~ m m t able 4-3 -

N O )  i i  Omnc e t i ne cnn inc cy cle h a s  started , cont inu e uin t il the
c~ d c  is complete

I u Re m rnov e the  h o mn d i t ng eq u ip un t ’m r t a f t e r  I li e cure c~ cli ’ is  complete.

W i - A R  l IE- ~T 1NSL ILAT 1NG GLOVES W h E N
HANDLING HOT PARTS OR TO OLS.

1 7. \ isu ali v limpe t i t i le  to r t’ plug tot .t hnonnoge neous bond I f o ids  are pre s ent  u n  f l i t ’ k t n d im nt ’.
t i ll s~ i t hi  a core sp lice adhesive paste per section 4 2 .  ( nrc at t in t ’ req u m reti  ten iper a t nrc.

I ~~ . Sa n d t i l t ’ core tlush wi th  t i l t ’ sk in  su mrt ae t ’ uis i ing  3 2 1)—grit ab r as i v e  pape~ Remov e sa in hi ng dt ’bris
f ’r o mnn the  tore cel ls wi t i n  v . i t & i u n n  or clean dry t o i n p i  esst’d air  I s e  care m not to l ai t iag e t ine core

• cell s .

I 0 te r remo\ lug sanding Ju st .  wipe surfa ct ’ of core w i t h  solvent Dr~ w i t h  cle an Ir ~ c I l e - sech ’ t I l
a nd clean dry compressed air to rt’nnove all tract ’ of solvt ’m nt .

4 0. Mask tine cot t’ p lunz surt ’ace to pre vt ’nt to n t a n n i n a t i o n  dur l i n g c le anin g of O t ’  s’~ ‘n , sur i.vc. I se

a h u m n i m n u m  foil or polyester ta pt ’ for a l u m r n i m r u n n  assemb li es and k’j tI foil o~ poI~ e st e r  t .ipe for

t i t a n ium . Over lap the skin surface 0.0(!() 0. 02() inch es See l’i g ure u — i l  Similar ly  mu .isk
aro u nd t i l t ’ cu t—o n  ieav i mng t in e .i tea clear f ina l  w i l t  he cleaned for bon din g tine p~i tei n p l a t t ’.

• 21 .  ( ‘ire n i ica llv prepare t ine  skin surface and the surface of tilt ’ i~atch plate for bondin g per sect ioil
5 .3 or 5 .4 Observe notes i t u c e r n i m i g  safety and c icanlim r ess notet i pr evmou sly t i nder  step i i .

22 .  .-~f t er  the surface t~r ep arati on is compl ete. app ly the appropriate adhesive pri m er per section 4 .3 .
Should (h ’  pr u n er or ad h esive app l i c a t io n  he delayed for more than 30 m in u te s . covet wit h
cit ’aml wax -free kr a t t  paper.

23 App ly adhesive and ins ta l l  th e patch pla I t’ as folto ~s

NO FF : \\ ear clean whi te  cotton Ii m ) t less gIo~ es wht ’n l l a l l d i i ng

clean detai ls  or adhe \i v t ’s

a. R emin ove thit ’ required adhesive t’rom storage. Observ e pre caut ion ary nol t ’~ I’ I re mt ren lov im ) g
refrigerated material  from stor age (see. I .  2 .~ ). Do not touch th e  adh esive wi th  bare hamn ds.

4 h . t s i i i ~ the pa tc i n p l at e  as a t emu p l a le .  cut an adhe sive disk to tine p J t 5 I l  p l at e  s i c.
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e. Rt ’movc I i i ’  separ ator 1dm from th e , i dhii ’siv u ’ d isk .  Rt ’mnno v t ’ ti ne i r r a s k m m n g lap t \  ‘r u ng t i n t ’

core ~lkIg am n tl  t in a i  mi r a sk im ig t in t ’ surrou mnhimn g ar e :i.

1 Appl y tin t ’ at lhies i ve disk intl l i l t ’ pa I - hi  p la I t ’ I ht ’vt ’ led sid t’ up )  over I Inc c u t — o u t  area. t se
t he c oor d imrate  limit ’s f or  a l i g i n m nn en t .

t’ . Secur tint ’ pat - In p la te  w i t h  ii lo in or p iy cs t t ’t’ t ’ihnn tape (se e t u g .  ~ ‘— 17 ) .

Patch pl ate 
- 

~~~~ 
Polv esu’ tape

Figure 6-1?. —Patch Plate Secured With Polyester Tape

24. Prepare t in t ’ repair b r  bomi di n g in ae c o id am nce w i t h  sect iom i 7 . i i  - St’ f gu mr c u - i  ~~.

N O i F  For assur ance of a qua l i l y  bond. h eat m rrus t  be app lied
to both surface s  of ’ t ine san dwi elr w inem i t ine assembly is
thicker t h an i / 2 inch.

25. Bond line rep air per r equ iren ni en t s for tine selected zI ( i int ’sive svsk ’mni in sect ion 4 . 2 .

2~ . Re m ove h ondi ing e q u i p mn re m rt  at ’t ’r  cure cycle is complet e .

• WARNING:  WEAR HEAT INSULAT ING GLO VES WHEN
HANDLING HO T PARTS OR EQUIPMENT.

27 . Remove excess adin e sive (sec. 7 . 12 ) .

2~ . Seal around edge of pat c ln plate wi th  sealin g connp oumid (r c f~’r to sec 4.2 a m d  4 am i d 4,3 u) .
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Insulat ion Bleeder cloth

_ _ _ _ _ _ _ _  __________

~~~~~~~~~

Figure 6-18. — Typical Setup of Single Heating Blanket with Backup Pressure
for Thin Sandwich Repair

2~ . Apply finish per section 4.3.7 and appl ic :iblt ’ aircraft T.O.

6.5.2 PO11’El) PLUG REPAIR. OPT 1ONAL METHOL ) (NEEDS ENGINEER I NG APPROVAL )

Preparation of t ine repair area Pr ior to insertion of the po t t ing  compound is tire sairn ’ as t h at for
the hon eyco mnib core plug repair described u n  ~~. 5. 1.  Start  ti ne repair by perf ’orm im ig steps gi vt ’mn
i n sect ioml (~~. 5. I ,  steps I t inroug in S -

2 Select amnd prepare the pot t ing compound per instructions give n in sect iomr 4.3.4.

I l 3 .  Wipe t h e  bottonn and sides ol’ tine cut—out area wit h solvent ,  Allow tine area to dry .

4. Fill th e core cavity using the prepared pott ing conrpound. Pack ti it ’  cavi ty  u m nt i l  (lit ’ conrtpoun tl
is appro x inn at eiv 0.020 inches above the skin surface.

5. Remove excess compound from the panel surface using cheesecloth moisten ed wi th  acetone.

WARNING: SPECIAL PRECAUTIONS TO BE USED WHILE
HANDLING SOLVENTS ARE NOTED IN
SECT ION 1. 3 .

Do not rennove tin e coordinat e lines l’ro mnn tint ’ skin surt ’act ’. Allow cleam led area to dry f ’or
lnppr oXim lla t ely I 5 it iinu t es.
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~~ . If a room—temperature- curing potting compound is used , allow (he material  to ctnr e for tine t ime
period designated in table 4-3. Ac cel er ali omn of ’ the cure wi th  tr eat lamps may be p er nni t ted.  1)0
NOT OVERH EAT . After curing , proceed with  step 12.

Il .a potting compound re quiring an elevated-temperature cure is used , proceed with  step 7 .

7. App ly two lay ers of nylon or polyester film tape over the routed hole and pot t in g  com pound
as shown in tigur e ~ It) ,

Second tape layer

Repair area
A Thermocouple

First tape layer

— j—. Second tape layer

/ ~~~~~A First tape layer / /
Panel S~~ 0 7

j
/
J i’

~~~~~~~~~~~~~Section A.A

Figure 6- 19,—Application of Masking Tape Over Potted Plug Repair

8. Locate t hree thermocouples equal ly spaced around the potted area. Fasten in place wit in m y  loin
or polye ster tape.

9. Prepare the potted are a for curing by app lying a release film, caul plate , heating blanket , vacuum
bagging film, etc. See section 7. 1 1 and figure 6-20. Normally the patch plate can he used for
the caul plate unless it is quite thin,  i .e ., less than 0.030 inch.

ho. Cure tine assembly per re quirements for tile selected pottin g eonnpound as indicated in table 4-3.

I I .  Remove the bondin g equipment and material after the cure cycle is complete.

W A R NI N G :  WEAR HEAT iNSULATING GLOVES WHEN
HANDLING HOT PARTS OR TOOLS.
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Bleeder Heating blanket Release film Insulation

Two layers of Potting Metal cau l Thermocouple wire
polyester tape compoun d plate

Figure 6-20. — Lay’ Up for Heat Curing the Potted Core Plug -

I 2. Visually inspect the potted plug for voids. if there art’ voids . f ’il l ~vi t h i  pot t ing compound.
Cure at room tennper ature or with heat lamps.

13 , Smooth the potted surface as follows:

a. Sand the potted surface to 0.000 to 0.005 inch above lhe skin surface using 320—grit
abrasive paper ,

h , Remove sanding debr is from the area with clean , dry compressed air or vacuu mr ~ cleaner.

c. Wipe the area with clean dry ch leesecIoth.

14 . Continue th e repair using steps 21 through 2t ) in section 6.5 , 1,

6.6 HOLE THROUGH BOTH SANDWICH SKINS

Th ese repair methods apply when both skins and the lron eyco mn nb core of ’ a sa mld~vic il panel have beem i
damaged (fig. 6-2 1) . Three types of repairs are presented. These include t I  a honeycomb core p l ug,
nonf lush , (2 ’) a potted plug , nont lush, optional , and (3) a iloney comfli ) core pitig . flush one side. line
asc of ’ potting to replace the damaged core should be considered only t’or very sunahl areas and wi t h
approval of ’ tire responsible maintenance engineer. Ot h er l imi t a t ion s  apply  t h r a t  are tlt ’sig m r ,i (ed in
the specific aircraft  model’s 1.0. manual .  Instruction for tine repair of ’ more extemrsiv e damage is
given in section 7.0.
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Damaged area

/ 
/— Remove material

I I a m i n i m u m  o f
.- / ~4 in, beyond

f 
damage
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Figure 6-21.— Damage Through Both Skins and Honeycomb Core

During the repair ac t iv i t y ,  give special at  (eri6o:n to the f o l l owi ng items:

W A R N I N G :  OBSERVE ALL LOCAL SAFETY PRECAUTIONS
AND THOSE DESIGNATED IN SECTION 1.3.

DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLUTIONS TO COME IN CONTACT WITH
SKIN OR CLOTHING. IN CASE OF ACCI -
DENTAL CONTACT , IMM EDIATELY WASH
OFF WITH A GENEROUS AMOUNT OF CLEA N
WATER .

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHEN H A N D L I N G

~CIDS AND 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 PR O-

• CEDURES AS DESIGN ATEL ) BY THE SAFETY
• OFFICER .

Tire following lists indica te  t ine  type s of ’ mater ia ls  and e q ui pmni e mi t  required . Refe r to section 4 .2
t’or speciti t’ in format ion and app l icatio mr in str u ct io mi s for  mn n ateri als .  R et ’er to section 8.0 (‘or more
detailed i irformation con cernin ig tools and equ ip m r re mnt.
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Materials

Adhesive , core sp lice foam
Adhesive , film
Adhesive , paste
Aluminum honeycomb core
Aluminum sheet
Ctn eesecloth , bleached , 4-ply pads
Chrom ate conversion coatin g
(‘leaner , alkaline
Cloth , bleeder
(‘loth. rumple , purified polishing fabri c
Film , release
Film , vacuum bagging
Paint , finish
Paper , Kraft , wrapping, wax -free
Phenolic sheet, 0.1 25-inch
Potting compound , core and dent filler
Primer , adhesive
Primer , sealant
Putty, vacuum seal
Sealant
Solution , surface preparation
Solvent , nonchiorinated (for titanium)
Solvent , cleaning
Tape , aluminum foil 0.004 (fo r aluminum )
Tape, double-hacked
Tape , lead foil (for titanium )
Tape , masking, hi-temp
Tape , plastic film , nylon
Titanium , sheet
Water , distilled or deminera lized

Tools or Equipment

Abrasive pads , nonwoven , nylon
Abrasive cloth or paper , wet or dry, 180 . 220 , 320 , and 400 gri t , aluminum oxide
Aspirator , vacuum
Air supply, 90 to 100 psi (W /  pressure regulator , filter , and oil trap )
Blanket , insulating
Blanket, heater , electri c
Brush , acid , 3/8- by 1-inch
Brus in , paint , short bristle , 1-1/2-inch
Containers , mixing . polyet inylene
Controller , electrical , Variac or power stat. adj ustable , ac
Drills , assorted sizes
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Drill motor , pneumatic or electric (explosionproof in fuel areas)
Emery cloth , 150, 320, and 400 gri t , aluminum oxide (for titanium )
Fillet gun , sea lan t
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 , core cuttin g
Knife , put ty
Knife , pocket
M icromete r , depth
Micro stop, drill
Pen , ink markin g
Power supply, 115 vol t , 60 cycle, ac
Press ure plate , 0. 125- and 0.250-inch aluminum
Probes , vacuu m connecto r
Pyrometer , 00 to 4000 F , automatic reco rding
Rod , mixing, metal or plastic
R outer bits , assorted sizes
Router motor , pneumatic or electric (explosionproof for fuel areas )
Router temp lates
Safety glasses or shield
Scribe
Spatula , wood or metal
Tin snips, metal cutting
Vacuum cleaner , industrial or hand-t ype

4 Vacuum source
Wire , thermocouple , type J or equivalent

6.6. 1 HONEYCOM B CORE PLUG REPAIR , NONFLUSH

The repair is shown schematicall y in figure 6-22.

The repai r steps are as follows:

I .  Apply maskin g tape around the damaged are a 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.
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Core plug Core-splice adhesive

Figure 6-22.—Schematic of Repair Using Non flush Honeycomb Core Plug

Using an ink pencil , draw coordinates win ch, if extended , would pass through the center of the damaged
area (see fig. ~-2 3).

Damage d area —k
Coord inate
lines

Figure 6-23. —Marked Coordinate Lines for Centering Patch Over Core Plug Repair
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l) cte rm rn line n f ’ a hole ~nw or router is mm n ost s u m t , i h l e . and rt’i nnovt ’ ti nt ’ da m aged mater ia l .  For
imn s f ruc t i on s  omn t ise of a m ole saw or router , rt ’fr r to ~ ‘ ctmom n S . I . I on S . 1 2,

4 . i- se  a va cuu mr n cleaner to rennn ovt ’ dust or debris fromnr th e r epair a r ea , Insp ect for in t t ’r m r al corro—
smo mt or irnoistu t i ,’,

N i - ) I I -  • I f ’ moisture or corrosion is present , i ts  ex t en t m i r us t  be
tIe t er inim ned am nd it m in ust  he rem n oved -

It t int ’ repair area is con (a irni m a t  ed wit  in f ’ue I or
invd r aul ic  f ’Iuid . use MF K or am n o t h er  sui t abl e sol~emr t
a nd a hrtisln I t’k’am . He sure t ine  area is f ’ree of
c o m n tam mnimna t i om n am nd dry before pr oc ee dim ng wi th  t ine
repair ,

Fabric ate the p atc in pl ates:

a - Pat cli plates are required for hot in tI r e outer and inner skins , Se lect t he mater ia l  to he
the samire as tine sandwich face material  th a t  is being patche d. l ine g,i~~’ should be
‘~.imnne as that  of ’ tine orig inal face material  or . if not availabl e , t ire next inigi ner gage.

h . Cut out the pa kin plate to he l ine ii ianre ter  of t ine hole phis tire a l l ow ann ct ’ for overl ap , I h e
overlap should he .i m r n i mn in nn u m nn of ’ I ,0 inc in or as specified Lw tire resp onsib le em n gi nn ee rnng
a uthor i t y .

c. If ’ th e thickness of the patch p lates exceeds 0.025 inch. bevel omne side as sh owmr in n f ’igure
n—2 4 , •-\dd coordinate lines for positioning.

Coordinate lines

0.02040:005 j fl : ~~~~~~ ~~~~~~~~~~~~ 17t ~ 3t 

-

Beveled detail

Beveled edge

Figure 6-24.—Detail of Beveled Patch Plate and Coordinate Lines
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6, (‘ore plug fa brication:

a. Cut and t’it a core plug. Select the core density, cell size , and alloy to be tine same as t i rat
used in the original construction. Instruct ions for cut t in g the core details are given in
sectio n 6.1.2.

h. Tr iu n the  edges of the plug to a loose fi t  in the routed cavity. Trim tine core surface to he
Ilu sin w i th  tine outer  surface ot’ the two skins.

c. (‘a r e f u l l v  remove the t r immed core p lug from the machined cavity.

d. (‘lean the core plug per section 5.2.

• Use tr ichloro eth an e or another suitable solvent for aluminum core.

• Use caution while cleaning the core plug.

• Play air over the plug unt i l  all odor of cleaning solvent is removed , Do not damage
the cell walls w ith  an air blast. (‘arefull y 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. Prepare the repair area for bonding in the core plug. Wipe the edges of the core in the cavit
with solvent. Dry with clean dry cheesecloth and clean dr compressed air to remove all trace
of solvent.

8. Install and bond tine core plug as follows:

a, Obtain the core splice adhesive from storage. See table 4.- I for material selection.
Observe precautiona ry notes when removing refrigerated material from storage (sec. 1 .2.5).

h . Slice the foam adhesive into strips the width of the core plus 1 , 8 inch for lining the cavity.

c. Position a layer of the core splice adh~sive around the edge of the cavity. See figure 6-25,

(‘aret ’ully insert the core plug into the cavity. Orient the ribbon direction of the plug foils
to he (lie same as that of the core in tire sandwich . Take care not to push the adhesive
down the side of the cavity when insertin g the core plug. Fill any voids with extra core
splice adhesive.

d . Place a layer ot’ release film over each end of the core plug. Using the patch plates as cati l
plates , locate the patch plates over tine release f i lm.  Secure in place wi th  polyester or •
nylon inIm tape.
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Coordinate

Figure 6.25.—Application of Core-Splice Adhesive to Core Plug Repair

e. Using the standard bonding procedure described in section 7. 1 1 .  vacuum hag tine repair
area and cure the core splice adhesive per in struc t ions in section 4 .2 ,

I’. At’ter the cure has been completed . debag tire assembl y.

CAUTION: Wear Heat Insu lating Gloves When Handling Hot
Tools or Parts.

9. lnspe ct the core plu g for a homogeneous bond , If voids appear in the bond line. I’i Il w i t h  addi—
tiona~ co e splice adhesive foam. Cure at the recommended temperature.

10. S~ ~, t~-e cone surface flush wi th  the skim i st mr t ’acc . Remove the sand ing debris wi th  clean dr~-
con. ~rc~~sed air or vacuum.

11 , Wipe both sLmr faces of ’ the core p ltng with clreeseclotlr moistened with cle anin g solvent (ret ’er to
sec, 4 ,2 ) .  Dry to remove all trace of solvent.

12. Mask tine core plug surfaces to prevent contami n at ion ( luring preparation of the skin surfaces
for bondin g the patch plates. Use a luminum foil or polyester tape for a luminum skins and
lead foil or polyester tape for t i taa niLm m . Overlap the skin edges by approximatel y 0.060 ± 0.020
inch. Similarl y mask around the cut-out leaving the area clear that  will  he cleaned for bondin g
the pat dn plate. See figure 6—2 6 .
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Figure 6-26.—Application of Masking Tape Prior to Surface Cleaning

I 5 . Prepare the ad lnes ive :

a . Select tine appropriate  at1i ne sn~~’ pe r section 4 . 2 Observe pr ecaut ionar y mroR ’~ wi remi
removing ref ’riger at ed mnna teri al  fromn storage i-sec. 1 , 2 ,5 ~. Do not touch the adhesive
w it i n hare inam ids.

b . (‘ut two dkks of ad lr esive tine same size as the p atc ln p lates  l ’lr e pa tc h  p lat es  m n ra v be used
as te m nip l a t es .

I ~~, ( ‘h enni call v prepare tine sk in  surfaces ami d the sur faces of the patch t~lates for bomi di n g per
i m i stru c t ion s in sec tio mi s 5 .~ or 5.4. Observe m r o t i ’s regarding cl e an imness and safe t

W , -~RN I N G : 1)0 NOT ALLOW (‘ONCENTRATE I) M IXTURES
OR SOLUTIONS TO COME IN CONTACT W ITH
SKIN OR CLOTHING. IN CASE OF -tCCII)EN1 AL
CONTACT , l~ I NlED l ATE LY W ASH OFF WITH
GENEROUS AMOUNTS OF CLE .-~N WATER.

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLO VES WHEN HANDLING
ACII)S ..~Nl) CL E ANING SOLU TIONS . 

- 
-

CAUTION: Once fire Cleaning Procedure Starts. 1)0 NOT TOUCH
With Bare H :nm nds on’ C om nta mimn a te Any Surface to lie
Filled , Coated , or Bonded.
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(‘. -~(lTl 0N : 1)0 NOT Allow Solutions to Enter the A~semnibly
or Con tact tine Previousl y Cured Adh esive.

Observe Requirements for a (‘lean Environment.

I 7 Af ter  tine st mr t ~mce pr epar at ion is complete. ~Pp Iv t ine appropr iate ad lnesive pr imer per section 4.3. 1 -

Should tine primer or adhesive app l ic atiomn be delayed tor mole than 30 minutes , cover wi t h
cleamr wax -t ’ree Kr a ft  paper.

I S . A pp ly adii~si~c a nd insta l l  the patc h pl ate s as follows:

,i. Re m rr ove t in e separator imlm from t iit ’ adhesive disks. Remove tine ma sk im i g tape covering
the core p Iu n ~ and tha t  maskin g tine surrounding area.

h. App ly ti ne ad in e sive disks an d tine patcin plates ( beveled side up )  o~ er the cut -out areas.
Use the coordinate lines for al ignn ient.

c. Secure the patch plat e with polyester or nylon fi lm tape (see fig. 6-Y’).

ii . Attach a minimum of thr ee t lnern iocouples around the patch plate. Secure in place w i th
uv io mi or polyester film tape.

Pol yester or ny lon tape

Patch plate

Figure 6-27.— Patch Plate Secured With Polyes tet or Nylon rape
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I~~. I’repa re tine repair  fo r  bon ding in ,iceord amn ce w i t h  s e c t iom n 7 . 11 .

No i i  Fo r  assurance of a qua l i t y  bom r d - h eat mu st he app li ed
to bot ln surt ’accs of tine sandwich win en tire assemu Nv
is t h icker than  I mcli.

20. Bo mnd t ine rep.t r per re quire mn i ent s  for  tine sL’I CCt ~.’~ adh es ive s ste m in section 4.2 .

2 I - I ~.~‘nn os i’ bonding e qu i pm nne mi t  a f t e r  ctmr e cycle is comp lete.

W A R N I N G :  WEAR HEAT INSULATIN G GLOVES WHE N
HANDL iN G HOT PARTS OR E QUIPMENT.

22. R em ove excess adhesive fla sin (sec. 7.1 2) .

23. Seal around edge of tine patch plate wit In se al im i g compound . refer to st’ct ion 4.3.6.

4 . .-\pply fini sh t’ section 4.3. 7 amnd t ine appli cable aircraf t  1.0.

6.6.2 PO TrED PLU G REPAIR. OPTION AL M ETHOL ) (NEE I) S ENGINEERING APPROV A L

The ,ompk ’t ed repair i .s shown in figure ~-2 S . lnst ruct io ns for making the repair are as t o l I i~

i .  Preparation of tine repair area prior to insert ion of the pot t ing  compound is i h ’  sam rn e as tha t
for  th e iione~ c~ mi~b core plug repair described im i sect ion (~ .(-i . I - Start t ~ne repa i r h y pe r f orm L u g
steps given u n  sec ti omi t~. o. I steps I t inro u g li h .

2. Select and prepare the potting compou nd per in s t ru c ( ,iomrs  given in section 4. 2 and 4.3.4.

3. Wipe tine sides of tine cut—out area wit in solvent (see see S. 2~. Allow fhi e  are a to dry.

Adhesive Sp lice plates
film

IL 1 ~ ~ i _____________________________________________

Potted core plug

Figure 6-28.—Schematic of Repair Using Potted Core Plug
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4 . Fill th e t o m e  c . t v u tv  usin g t ine  prepared po t t ing  e om up ou mi d.  I o fac i l i t a te  ti n s. i t the ir a ia~ er of

m-elea s~’ f ’ i lmm n amnd air a lu m nn in u m r i  p l a t e  o vem t i n . ’ hole oppos ite t i r e  f i l l  side i isn ing  inv i o mi  or p o lvt ’sle
tape. Pack t u e  c a v i t y  i m n f i l  l l i e  L-o mn p otui id  is app r ox it ’~. i l t ’l v 0.020 im r c tn  ab ove l i r e  sk i i i  s i l l  I - I c e .

Rem ove ~‘\ tess  co l i i l l onrnmd i t i n m m r  t h i t ’ t~n~ ’I sin l. i ~ e i l s i n  ‘imc ~’s ’ ’loth i i iorslei i& ’t l w i t h  , h t ’ l i t i n l ’ om
a n o ther  su i ta b le  so lv ent ,  l ike c i i ,’ to ke ep t ’ \ t t ’ss solv ent out of t i n e  j to t  t i n g — c o m n r p o w r l - l  l ied
ar ea.  Do m io t r emnio vt ’ th e  eo or t f i i r a l e  h ir e s  l i-ou r t ln ~’ s k i i i  s i m m f a c e  . , -\ I k n w ~- te . imne d area to tli ~ lol
app i-o x i m ua t e l y  I S  i m r i m n u t t ’s .

W A R N I N G :  SPI CI U PR L ” ( ’AL lI ’IO NS TO III - L I S I ’ I )  W I I I I  i-
) IA N I ) l  IN G SOLV l-N ’J ’S , -~RE NOTi I ) IN
SR’TION ( .3 .

I i .i , o tun i ~lt ’mmi ~n eu~mf u r e_ c iIt ’ im n g po l l i n g  c r n m n i p t t i i i n t l  5 used . . r lknw t in e m a t e r i a l  to cure l ou  f l i t ’
l i me period d es igmia t ed i ii  sect t i n  -1 ,2 .  -\ ccelei  i t m o m n of l i n e  cure w i l l i  he al  lamln i t s  mir a ~ be I t c r n h m l t e t l .
1)0 NW ( I V I R I I F ;\  I .  A l t e r  c i i i  r i g .  ptt )ce ( ’tI ~t i l l i  s t t ’ j)  I i  -

i i . a po t t i ng co mnrpor im r d  r eq u imim ig  air elt ’v a t e t l —t t ’m n i p e r a t n i re  c i i i  - . is u sed, pr oceed s~ n I h  s tep

t wo la~ ens  of nr y l om n or po lyt ’st~’ m f i l m  tape os ci l Ire m oo ted  hol e am i d p o l l nn i ~ c on in p or imi t l
as s l iowmr i nn  f igure (t  I ~

Prepare th e po tted area for curi ng it ~ app ly in g .i mcl e . i s e f ’i l i ir , can t n at e , h ea t i n g bla n ket , v a e un mm nn
h agg inr g f ’ i hmin , e tc. See sectio n ~. h I  ami d f igure ~ .~t ) . N o m i n a l l y  l in e  patch pl at e s  can he used lor t i ne
eaul plates . i .e .. to o i iing n la fe s to th i s f n - ih u lc th e pr ’~~ui t’ f l a t ly  over lie surfac e . u n less the  a me
qui t e  f I n n .  i .e . less t h an  0.030 in cl r t ’s. See f m i ~i i m s’ t ,~ 0

‘~ (‘Out’ l int ’ asse mbly per r eq ui n - emi re i l s t ’o m t i re  sehe et ed p o t t ing  ~‘om nr p ou i r d  as umnth i c . i l t ’d t i n  t able  -I 3

Maiehid raul plates

Release hI m

i j _______________ [H ~~
Poti ing compound

Figure 6.29. — Patch Plates Used as Caul Plates to Cure Pom’tinq Com,;ound

6 4/

- ~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ 

- 

— —  - -- -- - _____ -- I



~ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-

~~~
--

~~~~
- -  

~~~~~
- - - -

~~~~

-

~~~~~~~~ 
- -

h O Reinro v e t In e bonn d uu n g eq u i pnn e m nt  . i t  ter the cure cvck ’ is connip k ’ Ic .

W A R N I N G :  W E A K  HI -U INSUL A T I N G GLO VES W i l l -N
HANi~LING HOT P.-~RTS OR ‘l’OOl S.

h i . in sp ’~ t t he p ott ed p lug lor vo md s per scc tmo n 10.0 I t  th ere are onds . f~ll w i t h  p o t t in g .  ( l ire .11
I t no rri ten mt ’eraturt ’ or by he ;il in~. See I lk’ ,ip ’l icah le I 0. Itim l i m i t s  am i d p ii ’ca m i t i u n m i s

12 , Smooth th e  pot t ed s u r f  ace .is fo l lows

Sa nd t hi t ’ pot t ed sur f a c e  to 0.000 to (1 005 i nch rhove %l ne sk i i i  sun f ac t ’ u i s t i n g  3 ‘(1 ~u it al ’r.i s is t ’
p~ per -

h R en novi ’ s.nndin g debri s f rom t i nt ’ amea  wi t  Ii c l e am n , dr ~- cominp r cs st ’d a m r or acululilt

c Wip e t i i t ’ i nca  w i th  ch e .nn t i n y  h eesec lot ii

I 3. ( ‘o ir t i m nu e l i n t ’ repair u sing ~t ’l’~ 14 l imr oim gi i  24 i i i  section (t .u, I

6.6.3 H()NEY( ’OMli CORE PUIG R E P A I R .  FLUSH ONE SUR 1. ,.WI :

l in t ’ sketch oh t i n t ’ r ep a ir  Is shown t i n f igur e  t -3 ( ) . I m n s l r u t t i o t n s  lot  .it -c om nnpi ish n i in ’  th e r epa ir ate  .is

follows:

- . \pp lv irn a sk iu ng t ap t ’ a n - oumnti  t int ’ da maged a r t - .i to p i t ’vt ’i nt t u m i t i n e t  t la i nna gt ’ t I u i m i n n r ~ i e w o ik  and to

com r t a i n  ~‘lt ’ani mr g e ln e mnn i ca i s  Use , ihn im nn i i nu nn  - oil om poi v esl em tape to m - a l u n n n i i n t m i n n  aird lead Iou 01

poi~ ester t ap e Io i  l i t a u n i u m n i .

2. Il si m ng an n ink pemn eil . draw eoordi r n al t ’s ~ l i u c h  i f t’xl emrdt ’tI . ~ oiiltl p.iss hir mo uugin lilt ’ cen t ’i t i tint ’

thai nnaged area ( st’t’ f igur e  it- 3 1 ) .

Cori~ plug 
~~~~~~~~ 

~~~~~~~~~~~~~ 
Otit ~i patch pht:ti’ 

f i lm

U H H ~~Lr1H~ 
[ H H ft H 1~ UI

Core-splice adhes,v~ Flush skin plug — lniut ’ i patch plat e
Atttnp~ivp fulni

Fiqure 6.30 Schematic of Repair, Flush One Side, to, Hole Through Both Sandwich SA ins
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Coord inate lines

~ 
ii “ Nonf lush

L Uj JJD surface

• Figure 6-31. — Cavity Cleaned for Installation of Honeycomb Core Plug Repafr Details

3. L ) etern n im’ i e it ’ a m ole saw or router is mrn ore suitabl e au nd r ein ro ve tin e’ damaged mat er ia l .  For
instructions on tine use of a router or hole saw , refe r to section 8. 1 .1  or 8.1.2.

4. Use a 320—grit a luminum oxide abrasiv e disk at tached to air air motor  ho remove tine rem na in imrg
Ino mn eycom h core and loose adh esive l’ro mnn t ine inner  side of the s am nd w i ch ski mr .  Set ’ figure ~— 3 I -

NOTE : 1)0 NO !’ SANI ) ‘Il l ROUG H tine atli ne siv e on tI n e imi ner
side of t ine ski m . If ’ it  is necessary to reitm ove the’ adhesive
(for ex amnple b ecatm se of ’ corrosion) it ~ i hl be necessary
to reprep a r e tine s t mr t ’aee prior to bond ing as ins t ruct e d
i n sect io n 5.0.

5. Use air pressure or v a cuu mrr to remove dust or debris from u th e r epair area. Insp ect bar im i t t ’rn al
corrosion or moist tire.

NOT E : I t
, 
moistur e ’ or e’orrosiofl is pres enf . i f s  ex ten t  must he

determined and it triui st  be removed. It ’ the repair area
is cont aminat e d  wi f i n  t ’u ne l or hy draulic fluid , use M FK
or other suitable solvent and a brush to clean. Be sure
t ire area is dry and h’ree ot’ c omn ta tni ina t ion bef ’ore pro—
ceceh ing with tire repair.

(t . Fabricat e tine skin plu g and pat cm p lates:

a. Patch plates art ’ r equired f’or both tine outer au nd inner skins , ant i a skin p lug is required f’or
hire flush surface (see fig. 6—3O~. Select t int ’  nrateri al  to be tIne same as tine sam n dwic in th ee
ma len a I f inal  is being patcined. ‘l’ine gage sinou ld be t int ’  satir e as f inal  of tine original f_ ice
material.
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b. Mark am n ei e’t it ti nt ’ ski m plu g amid t ine two pa t t ’in plates l ine ski n p l u g  s inoul e l t i t  smnumggl ~ mu
ti ne small Inok to give a flush surface l ine smina li er e u t i r e two h atc h plate ’s sliotu U bt ’

sl ight l y s u n n a l l t ’ m lu au ( l i e large m olt ’ in the samn&lwie ’ii. l in e larg er e nu lem pa t ch  pl ate  should
be the t l i amn net t ’r of t i t t ’ larg er h ole j i l e m s air ahl ow a mnce fo r  overlap h ’ine overlap should tu e a
mn n im n im r nunnn  oh 1.0 i m n e ’In cii’ as specifi ed 1w tint ’ rc’spoursihk mn n a i n t em n amne ’e engineer

c It ’ the tlu ic km n e s s of t ht t ’ outer  pa tc in plate ’ exceeds 0.025 u m i c h , bevel one side .is sh n etwi n i i i

figure ~— 32. Add coortl im nat c’ lines t’or posi t iomn in g.

Coordinate lines

Patch
/ “plate

I

\ o.020 + 005 ~~~~ L17t 3t
Beveled edge Buuve l Detdu l

Figure 6-32.-- Detail of Beveled Patch Plate and Coordinate Lines

7 . Fabricate ’ tin e’ c ore’ p lug:

a. (‘n it and f ’it .u core plug. Select t Inc core d emnsit  v , cell siit ’. a nd al loy I 0 be t i i ~’ sa l in e ;IS I ii .t

ni sed in t ine original e’o mn str i m e ’t ion. I n st r u ct iomns for c’int I ing t ine  c ore el~’t a ils are gu vt ’u n m m
secti omt (u , 1 . 2 .

b. I’ r im rn tIne t’dgc’s of’ t i re p l ug to a loose f it i u~ ti ne routet l ca v r t ~ - PL ie’e t in t ’ snn alk ’ r of t i m e ’ I wo
splice pl ates at tin e bo t t e n m n n of’ t ine ’ ca v i t . h inser l the ’ ccitt’ am id t riirn t h e ’ surface to be t’lusfn

~‘i l Ii t ine outer surface of t in t ’ sk inn.

c. (‘are ’f ’u l lv  re’ mn novt ’ the tri m n imn ne tl core plug t’r ou rn t ine m niae ’ln i une d ca v t t .

ci. (‘lean tine core plug per section 5 .2.

• Use trich loroet lnane or ot lncr suitable solvent for al un n in t nn n ~‘ore ,

• Use cautiom i whi le cleai n in g tine core plug.

• Pl ay air over ( i r e ’ plu g m n r t ii all odor ot ’ e’k’aumi m n g solvent is renn ov ed. l)o not cianrage’
tIne cell wal ls wit  in an air bl as . I t m s  ac’ce’pta h ilt ’ to careful l y  shake tine core plug to
reirnove tine so l veint .
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(‘AUTlON : (71e.nn White Cotton Limit less Gloves Shall be Worn
Wlnemn iland liung Clean I)efails or Adlnesive .

8. Pre’pa rt ’ t ire ad h ne ’sive

a. Sele’e’t tine appropriate prim er amid adinesi v e f’ii n n per sect ion 4.2. Observ e prt ’ca u t io tn a rv
notes wlnemn re’mOvi in g ret ’rig er ate d m in a t e ’n i al  fronr storage ’ (sc’c. I .2 .5) . i)o not Ioucln t in t ’
ad inesive wi t h  bare in ands.

b. (‘n it tw o d isks of ’ ael ine s ive ’ to ti ne saline s i / i ,’ as t i n e  iunm ner  patch p l a te ’, Al so c u t  tit le’ ct isk of
act inesive tire sa inre si/c as t Inc large ’ pat cii pta Ic.

() (‘ It ’an f he’ re’pai r ca~ u t v  a re a i, s imn g cir e’e’se’ctes t i n t la m n n p e mn e t l  wit ln  soivc ’ m nt .  Do uieil List’ e’\ cess sotvt ’ mnt  -

A i t  ci rv h i t ’ area for a mnni n in i u nn  of 15 u n n i n u t e s  at rooinn te mnpc ’rat ur e’

t O. Prepare ’ ti me surfaces of ’ t i l t ’ skin pl u g au ne l t int ’ m i ner p al c in pl ate he i r  bon d ing per ins t ruc t i o u rs  i i i

sect ion 5.3 or 5 ,4 ,

WARNING: 1)0 NOT ALLO W CON CE NTR ATEE ) M I XTt I RE S
OR SOLUTIONS TO CO ME IN CONTACT WI TH
SKIN OR CLOTHING. IN CASE OF .-\CC II )E NTAL
CONTACT . IMMEI ) IAT E LY WASH OFF WITH
GENEROUS AMOUNTS OF CLE AN WATER .

ALWAYS WEAR EYE PROT ECTION 1)EV iCES
ANI) RUBBER GLOVES WHE N HAN U L I NG
AC1I )S ANt ) CLEANING SOLUTIONS.

CAUT I ON : Oince t I ne Clenining Procedu re Star ts . 1)0 NOT
TOUCH With Bare Hands or Comi ta nn in a (e Ally
Surt ’ace to Be Filled , Coated , or l3oinded.

1)0 NOT Aliow tine Sohu t ion to Enter tine Assemnibly
or Contact the Pr evioumsly Cured Adhesi ve.

Observe Requirements for a Cleami Environ ment .

I I . App ly an adi ne sive—c onn p a t i i ik ’  prim m er to the’ st zr thi e ’e’s of the ’ inn t ’r pai~’h p la it’ amiel skim i plug.

Se’e section 4. 1.1 for primer selection anne l sectioni 4 3 .  I f ’or application inrstructi ons. Air  dry
or bake’ primer per instructions .

I 2. Assemble t i re  deta ils for  the in i t i a l  cure’ cvcit ’. l igu r e’ (~-3.l chow s an esp iot leci ~ ie’W of t ile ’
assembly e’omp om ients f ’or tine in i t ia l  e’t i re cycle.

a. Position panel wi th  fl i t ’ smal l h ole omi t int ’ botto m sitle, Pl ae’t’ the skin plug u mn t ine’ h o le .
(‘over with one’ of ’ th e’ smaller prc’v iomnslv pr epart’e i ci isks ol ad lie ’sivc’. Be sui rt ’ to re urnove
tine se’para b r  (jIm . Place tine ’ i nn e’r pat c’h r p laIt ’ ove r h i t ’ ad ine siv e antI t ine’n t’over wit  In
a second ad inesiv e ’ disk st ’e fig. ( — 34 ) See’nrt’ t i n t ’ sk n i  plug in position on the ’ outt ’r sur f ’ae’t’
wit  in nylon or poly e’st t’ r t’i In n tape .
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d isks

f l M H H M I  - 1HI IHHfl
Flush surface ski m
plug

Figure 6-33.—Schematic of Repair Details for Initial Cure Cycle

_____________________ 

,q_

Adhesnle fllrn

l I l t  WI IJIHH
Aerodynamicsurface Skin plug

Figure 6-34.— Positioning Doubler and Skin Plug
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b. Obt a in the core splice adhesive from storage. See section 4 ,2 I’or material selection and
processing ins t ruct ions .  Observe precautionary notes when removing refrigerated nna t eri al
from storage (sec. 1.2. 5) .

c. Position a layer of ’ core splice adhesiv e around the edge of ’ the cavity I set’ t’ig. b-35) .

- i
~~~~~~~~~~~~~~~

- - Figure 6-35.—Strip of Foaming Core-Splice Adhesive Around Edge of Cavity

d . Carefully insert the core plug in to the cavity. Orient tire ribbon direction oh’ tine plug f’oi h s
to he the sam nne as that  of the core in the sandwich , Take care not to push the adhesive
down the side of tine cavity winen tine core is inserted. Fill any voids with extra core splice ’
adhesive.

e. Place a layer of release film over tine end of tine core plug. Cover with the outer patch
plate to act as a caul plate. Secnnre in place with plastic f ’i lmin tape.

I’. Similarly place a layer of release film and a plate over tine flush skin pl nng on tine opposite
face. Tape in place.

g. Locate a minimum of three thermocouples around tine patch.

13. Using the standard bonding procedure described in section 7 .1 1 , va cuum bag tine repair area and
cure per instructions in section 4.2.

NOTE: For assurance of a qual i ty  bond , heat must be appli ed
to both surfaces of tire sandwich when tir e , assembly is
thicker than 1/2 inc ln .
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14, After the cure has been completed , debag the assembly.

WARN ING : WEAR HEAT INSULAT ING GLO VES WHEN
HANDLING HOT TOOLS OR PARTS .

1 5. Inspect the core plug for a homogeneous bond. If voids appear in the bond h ine. fill with addi-
tional core splice adhesive foam. Cure at the recommended temperature using heat lamps. See
the applicable aircraft T.O. for l imitations and precautions.

16. Sand the core surface flush with the skin surface. Remove the sanding debris with clean dry
compressed air or vacuum.

17. Wipe the surface of the core plug with cheesecloth moistened with cleaning solvent (refe r to
sec. 5,2).

18 . Dry to remove all trace 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 aluminum skins and lead foil or polyester tape for t i tanium. Overlap the skin edges by
approximately 0.060 inch. Similarly mask around the cut-out leaving the area clear that will be
cleaned for bondin g the patch plate . See figure 6-36.

19. 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 .

ov& lap

Figure 6-36. —Application of Masking Tape Prior to Surface Cleaning

I
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20. Ah ’ter tine surface prepar ati omr is comp lete . app l y the appropriate adinesi v e pr u rner per se ctio m n
4.3 . 1. Sinoul d tine primer t ir adhes ive  application he delayed for mrn ore t i na n 3() m inutes . cove r
wit In c leamn wax -t ’re’e Kra t’t paper.

21 - -\pp Iv ad he’sive’ a nd instal l  the ’ patch plate ’s as ho l l ow s :

a. Remove tine separator i’ i lnnr from tine previ ously prepared ad h esive d isk. Remuove ti r e’ nrr aski ing
tape’ .‘eive r i flg tire core’ plug anti I hat masking tire surroumn t l ing area.

b, Ap p l y  t h e ’ adhesiv e disk and tire patc h plate (beveled side’ nip ) over tine cnit ~~u t a rea. Use
tire coore limn ate li m es for a l ignment .

c. Secure (lie patch ~iat e with ny lon  or poly ester fi lm tape.

22 . Prepare tire’ repair for bondin g as described inn section 7.11.

NOTE: For assurance of a qual i ty  bond, heat mu st be, applied
to BOl l-I surfaces ot’ tine san idwic in whn cn tIne assembly
is th icker th an 1/ 2 im i c in.

23. Bond the repair per re quirennents t’or tine selectee ! adlnesive system in seeti onn -t . — .

24. Remove bondinng equi pn ne mnt after tine cu re cycle is connn p let e .

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

25 Renuove excess ad hesive flash (sec. 7 . 1 2) .

~~~~~ Seal around edge of patch plate with sealing compound (refe r to sec. 4 , 2 antI 4.3~~).

27. Apply fim ii sh n per section 4.3.7 and applicable aircraft l’.O.

6 7  PANEL ZE E EDGE CLOSE -OUT I)AN1AGE

Tirese unnet inods apply to tine repair ot’ panel edge closure members t l nat  are fabrica te ti t’rom eit h er
metal or fiberglass clot h and are a 450 or ~O0 configuration. Typical damage of t in is type’ us shown
inn figure (i—3 7.

W inen tine extent of’ dannage is beyond tine scope of ’ tine small area repairs , tine repairs wil l  be made per
tire large area repair techniques outlined inn section 7.0. Non nde stru c tmve ’ i mn sp e’c l i omn procedures to
de’ter nmi i mn e t ire damage ext ent  are described in section 1 0.0.

Tine eel ge of ’ a panel is t y p ic :n l iv a nine t ai hun m a  Ic t ira I f i ts against some i mn t erm r a I mem bt’r. l ’inis is
usual ly tine s t ructural  muember to w i nic l n tine pannel is nnee’han n ica i i y a t tac h ed. In such a case, it is
desirable to nn a i n ta in  tine internal  I inick ness level an d tine patch mm r u st  he addt’tl on tine cx ter mn al side of ’

t Ine panel.
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Figure 6-37. — Typical Edge Close-Out Damage

During the repair procedure s . give special attention to the following safety and operating precautions.

WARNING: OBSERVE SAFETY PRECAUTIONS DESIGNATED
IN SECTION 1.3.

DO NOT ALLOW CONCENTR ~~TED MIXTURES
OR SOLUTIONS TO COME IN CONTACT WITH
SKIN OR CLOTHING. IN CASE OF ACC I-
DENTAL CONTACT . IMMEDIATELY WASH
OFF WITH GENERO US AMOUNTS OF CLEAN
WATER.

ALWAYS WEAR EYE PROTE CTION DEViCES
AND RUBBER GLO VES WHEN HA~4DLIN G
ACIDS AND CLEAN ING SOLUTiONS .

IF THE REPAIR IS IN A FUEL TANK AR EA
THE FUEL TANK PRESSUR E SHALL BE
RELIEVED PRIOR TO STARTING THE R EPAIR.
OBSERVE OTHER PRECA UTIONARY
PROCEDURES AS DESIGNATED BY THE
SAFETY OFFICER.

_ _  
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Tine following list identifies tine assorted nn iateri als anti miscellaneous equipment th at are require d to
repair typical edge closure damage on honeycomb sanndwic in panic! assennhiie-s . Refer to section 4. 2
for specific materials identi ficatiomn. Refe r to section 8.0 for muore detailed information concerning
tools and equipmnnent .

Ma teriaLs

Adhesive’, core’ splice I oam
Adhesive , f i lm
At lhre sive . paste
Al unn imnum h no m ney c o mi n h core
A lu m ii inumni sheet
(‘heeseclothi . bleacined , 4-ply pads
Chrom ate conv er siomi coating
(leanner . alkali mne
(‘lotin , bleede r

~~~ fiberglass . 181 fa b ri c
Clotin , rumple , purified polishin g fabric
Fihm n , release
Film, vacuum haggimig
Paint , finisin
Paper , wrapping, wax-free
Phenoiic sheet , 0. 1 25-inch
Potting conipound , core alit! dent filler
Primer , adhesive
Pr inner , sea lan nt . aerodyna mn n ic smoother
Putty. vacuni m seal
Sealant , aerody nannic smoother
Solution, surface preparation
Solvent , nonch lorinated (fo r t i tanium)
Solvent, cleaning
Tape , aluminum foil 0.004 (fo r aluminum ’)
Tape , double-backed
fap e , lead foil (for titanium ) 

—

Tape , masking. hi-temp
Tape , plastic film , nylon
Titanium , sheet
Water, distilled or demim n era lized

Took or Equi pment

Abrasive pads , nonwoven , unyhon
Abrasive cloth or paper , wet or dry , 180 , 220 , 320 , and 400 grit , a luum in un r  oxide
Aspirator , vacuum
Air supply, 90 to 200 psi (W/ pressure regulator , filter , and oil trap ’)
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Bianket , imi su la t iomn
Blanket , heater, electric
Brush , acid, 3’S- by I-inch
Brush , pai nnt , short brist le , I - I /2-inc h
(lainnps , (‘-typ e
(‘onta iners . mixing ,  po ly et iny lene
Controller , electrical , Variac or power stat , adjustable ’, :uc
Drill motor , pn eunnnati c or electric (exp losionproof in fue ’l areas)
Enu t’ry cloth , 150 . 320 , and 400 grit . alum inum oxide (for t i tan ium )
Fill et gumi , sealamnt
Gage . air pressure , 100 psi
Gage . va cuunn , 32 in. Hg
Gloves , heat insuiat inig
Gloves , white , cottom i fiber
Gloves , rubber or neoprene , surgeons ’
Heat lamps , 200 to 350 watt  (explosionproof )
Host’, vacuunn w/f lt t in gs
Knife , core cut t in g
Knife , put ty
Knife , pocket
Micrometer , depth
Micro stop , drill
Pen, innk marking
Power supply. I I 5 volt. 60 cycle . ac
Pressu re plate , 0. 1 25- and 0.250—inch aluminum
Probes, vacuum , connector
Pyrometer. ~~0 to 4000 F, automatic recording
Router hits , assorted sizes
Router motor , pneumatic or electric (exp losionprOOf for fuel areas)
Ro u nter templates
Safety glasses or shield
Saw , reciprocating , pneumiiatic or electric (expiosionproof for fuel areas)
Scribe
Spatula , wood or metal
Tin snips, metal cut t in g
Vacuum cieamner. industrial or hand-type
Vacuum source
Wire , tinern iocouple , type 3 or equi va l emnt
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6.7. 1 EDGE CLOSURE REPAIR PROCEDURE

This repair method is applicable to the type of ’ panel edge t reatment  shown in figure 6-38. The
doubler aga inst the exterior skin may be bonded , machined , or In ave a ehem -milled step. In either of
t ine lat ter  cases , an equivalent  build-up of the area with bonded doublers for the repair is usually
expedie nt and adequate.

Close-out

Doubler

Exterior skin

Honeycom b

n.UJJ ~LJJJJJJJJJUJJJJJJUU 
lnte

skinFigure 6-38. — Typical Edge Close-Out

The steps for the repair of this type edge configuration are as follows:

I .  Inspect the damaged area closely to determine the damage boundary. Damage assessment
methods are discussed in section 2.0.

2. 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 6-39.

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 overlaps.
This should be a minimum of I .0 inch or as specified by the responsible maintenance engineer.

3. 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).

4. Position the router template on the panel and hold in place with double-backed tape as shown
in figure 6-40.

NOTE: C-clamps may be used at the panel laminated outer
- 

edge. Protect the aluminum surface by inserting an
aluminum strip between the C-clamp anvil and the
panel surface.
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1,0 in. minimum s~eps ,

b. Remove Damage on

~~~~~~~~~~~~~ c Remove Damage on
Exterior Side

Doubler and

e. Assemb ly for -

First Stage Bond

d. Exp~odad View of
Repair Details

f. Final Repair

Figure 6-39.— Edge Repair With External Non flush Patch P/ate
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Figure 6.40. -Application of Router Template to Repair Area

5. lisimig a suitable elect n e ’ or a ir— op er :itet l rout imng tool anti c u t t e r , r emove~ ti ne  n i n a t i ,’r ia I I’n - o m m n I he’

thainn aget l area. Ne ce ssary pr eca u t iomns slno u IeI he’ t :m ke ’nn to avoid cx Ie ’n nd i ing the ’ da mage d u n  ng
( m is operati omn. i’lnis is espe c ially a proble m wh en the pane’I is bond e’d w i t h a h ig ln t e ’m p cia t  u n r e
adh esive sv st t ’m nn t h a t  has how tIt’ laminat ion resist a mn e ’t’. h)o m no l remove tInt ’ p reviously cure’d
ad he ’sive’ )‘ro m n n tIne meta l  su ir I~m ee . i ’lne at lin esive . it ’ it In a s m not been ehamn ia gee l 1w mnnoist ure .
pros ides an ex ce h le mnt  surface t’or i’ iomnd ii ng t ine r ep la ce mnne nt i i n a t e ’r i a h .

WARNING: WEAR AN EYE PRO TFC ~1ON DEVICE DURING
ANY METAL CUllING OR ROUTING
OPERATION.

Re mnnove the ’ rou t imng tool ann d I repa r e One ro ut e ’r te m fl l i la t t ’ for rework for mn e x I rout er  cti t .
Figure (~—4 I shows the t’i n ishet i primary en lo in I .

7. Reposition tIne r eworket i router te mnn p l ate , centering it over tIne prinn ia ry cutout  (sCt ’ f i g .  (~-42 ’).
i b I d  u n  p lace witln tl oub le—b acket l tape am n d (‘ clamps. Observe ’ tI n e note l’or eye ’ prote’ct j oi n , - -

8. Rese t tine router bit to tIne outer ski m t l nickmne s s to rut the skimn o m n hv 1)0 N Ol  c um t in to  t’dge
doubler.
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Figure 6-41. -Primary Router Cut to Remove Dam age

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~~ rou ter

Figure 6-42. — Secondary Router Cut to Remove Outer Skin
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9. Reposition th e ’  router nnotor on tine tenn n phate . t’ollow tIne p at ternn . and cut through tin e Outer
skin Remove skin (see note) .

NOTF~: It mnnay he inecessary to lower tine ad h esive peel s t re mngt h n
1w application of carbon dioxide (tiny ice ) .

10 . Fabricat e two pieces of ’ I ~~
- x I —incin a lu m inunn strips to aLt as spacers and locate lh n e mnn next

to tine ’ router etlge , See figure (~-43. Use t ioub le-ba cked tape to hold t i ne spacers imn p osit ion.

e
S

~~~eO:
~~~~

1/8- by 1-in , aluminum

Figure 6-43. -Layout for Router Removal of Edge Doublers

I I  . Rese t tine router t tcp tln to tine skim n — pl us— d o uhl e ’r thickness. Sett ing tine mut er  b it mnex t  to tIne
spacers, route a cut  t inro u g in t h e  doubler wid th  in Iwo places.

I 2. Remove the routing tool and te n np la te.

13. Using a th in  blade p u t t y  kni l ’e. remove the two shnort end s of the edge dou nb ler.  exp osinng th e’
skin surface. When core material is removed , leave tIne two small tips Linden t I ne re’nn ia inning etige
doubler (see fig. ~-44) .

14 . Use a 220— and 3 20—grit a lu nninum oxide . m nie ’cha m ni c ah—lo cki n ng sam i dim i g disk anti an air nnn otor tt i

remove tine remainimn g honey comb come and loose adh esive from the inner  sit ie of ’ th e sand wie’h
ski m s. Sniootin t lne metal surfaces h a v im n g residual adhnesive wit in l’im n e abrasive paper (400—grit .
%~et or dry. a lumnninuni oxide) or nylon abrasive pat is .
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Leave core tip in
these areas

‘— 1.0-in. Minimum steps

Figure 6-44. —Damage Removed and A rea Ready for Pre fit of Repair Details

NOTE: E)O NOT SAN I) THROUGH tine adhnes ivc on the inner  -
side of the skin. If i t  is ne ’cessarv to remove the
ad h esi ve, f ’or example because 01’ corros iomi . it will  he
inecessary to reprepare the surface prior to bom it l im ig
as instructed in section 5.0.

-: 15. Use air pressure or vacuum to re mnnov e dust or debris f’rom the’ repair area. In spect (‘or in t t ’rm i ah
corrosion or moisture.

NOTE: IF MO I STURE OR CORROSION I S PRESENT ,
ITS EXTENT MUST BE DET E RMINED AND IT
MUST BE REMOVED.

IF THE REPAIR AREA IS (‘ON F AM I NATED W l F h I
FUEL OR H YDRAULIC FLUID . USE ME K OR
ANOT HER SU ITAB LE SOLVFN 1’ ANI) A BRUSH TO
CLEAN. BE SURE TI-I F AR E A IS FREE OF CON-
TAMINATION AND DRY BEFORE PROCEEDING
WITH THE REPAIR.

I (i. Fabricate tine patch plates:

a. Select tIne mn i ateria l to he the same as the sandwich lac e and dou bler m a ter ial  thn a t  is beimn g
replaced. The gage of ’ each detail should he e’tjuivalent to tine gage ol’ tine piece t l n a t  is bt’im ng
patcineci or spliced.
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h. (‘Lit tine patch or splice detail s to he of suf f i c i en t  size to allow f’or adeq uate  sp lice overlap.

This shnou ld he a m i n i m u m  of 1,0 inch - r  as specil ’ied in tIne app l ic able aircraft 1.0. Form

p atein plates to tine necessary contour as required.

c. 11’ tIne nomn tl usin patch plate on tine panel interio r or exterior exceeds 0,025 im i c i n km t h n i ck m nes s .
beve l ti n e edge ot’ one side as slnow mn imn figure (i-45.

in , ~ 
-
~~~

-f--— lit ~3t
—0.010 in .

Figure 6-45. -Beveled Edge of Patch P/ate

17 . Fabricate t lne core plug:

a. Select tine core d emnsity.  cell size , and alloy to be tine same as (m at used inn t h e  ori ginal
comnstructio mi . Ahumin unn Inom ieyco mh core sm all he a corrosion -resistant nonp er l ’orated
type. Instructions for cutt in g tine core details are given in sectio mn (- . 1 2 .

h. CLn t tine core details wi th  the ribbon dir ect ion ori en te d in the sam nne d irection as the core
in the panel. Trim the edges o the core to fit  loosely in the core cavi t y .

18. Assemble the detai ls and check for proper f’it.

19. (‘lean the core details per section 5.2,

• Use tnj chloroethane or another suitable solvent t’or aluminum core .

• Use caution while handlin g tine core plug.

• Play air over the plug unt i l  all odor ot’ c leamiing solvent is removed. DO NOl’ damage tine
cell walls wit in an air blast. It is acceptable to carefully shake tine core p ld ng to re mnno ve tine
solvent.

CAUTION: Clean White Cotton Lint less Gloves Shall Be Worn
When Handling Clean Details or Adhesive.

20. Prepare the adhesive:

a. Select the appropriat e adhesive film per section 4.2. Observe pre ’autionary notes wine m n
removing refri gerated material fronn stor age (sec. 1.2.5) . Do not touc ln the adhesive w itin
bare lnan ds.
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h. (‘ L it the reqLui r ed adinesive patc ines to size. The nnnet al  patcin details may he Lised as cut t ing
t em nn p lates.

2 1,  (‘ l ea mn the  repair cav i t y  using cln ee sechotin danupene el wi th  soi ve mnt. I)o not use excess solvent ,
Air d r y  tine area (‘or a mn l im i i mum nn of 15 nnin u t e s at room temniperature.

22 . Because’ of the n umber  01’ detai ls  imn vo lved in t inis  repair , it is reco mnn mn ie nded tha t  tine bond be
acco mn np l ish necl i i i  two stages. Fine l’irst stage involves b omnding of ’ t he bottom metal detai ls  am nd
tine core. line interior ol’ the repair can then be inspected amne l t ine core surface sanded flu sh
before bonding the’ f inal  cover patches. Fine det a ils  to he bond ed in tine first stage cure are
slnow mn u n  f igure ’ (~—39 ,

a. Iti enti t ’y ti ne har e’ metal  stmrf a ces on tine component that  wi ll  he adhesiv e ly b omnded durim ig
tine l’i rst bond cycle . Use polyester or a l u m nn u m i um l’oil tape (‘or alw nni nL n m or lead (‘oil or
po lyester tape (‘or t i t an iLmm to mask aro Lnm iel tinese’ areas. Take special care u n  mna ski r n g all
exist imn g ad lnesiv e bonne ll ines and tine core area to prevent contamin at ion from tine surface
prepara lion solutions or gels.

WARNING: DO NOT ALLO W CO NCENTRATED M I XTURES
OR SOLUTIONS TO COME IN CONTACT WITH
SKIN OR CLOTHING. IN CASE OF ACCIDENTAL
CONTACT , IMMEDIATELY WASH OFF WITH
GENEROUS AMOUNTS OF CLE AN WATER ,

ALWAYS WEAR EYE PROTECTION DEVICES
ANt) RUBBER GLOVES WHEN HANDL iNG

- ‘ ACIDS AND SOLU TIONS.

CAUTION : Onn ce tIne Cleaning Procedure Starts . DO NOT Toucin
With Bare Hands or Comnta minate Any Surface to Be
Filled , Coated , or Bonded.

DO NOT Allow the Surf ace P repa ration Solution
to Enter the Assembl y or Contact Any Previously
Cured Adhesive.

Observe Requirements for a Clean Environment.

h. Prepare the bond surfaces of the pane l amid the sheet metal  details per instruction in
section 5.0.

c. Rinse the surfaces thoroughly wit in clean water.  Litmu s paper should be used to em isL ir e
tha t  all  trace of acid has been removed . Air dry tine surface .

d. Rennove mas king tape.
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23 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 dry or bake the pr imer as instructed ,

24 . Assemble the details for the initial cure cycle. Figure 6-39 shows an exploded view of the
repair details.

a. Obtain the previously cut adhesive film pieces from storage. Observe precautionary notes
regarding conditionin g of refrigerated materials , (sec. I~2.5) .

b. Assemble the lower nneta l details with interleaving adhesive film.

c. Obtain the core splice adhesive from storage. See section 4.2 for material selection and
section 4.3 for processing instructions.

d. Position a layer of core splice adhesive against tine edge of the existing core.

e. Fit the nontapered piece of core in place. Position a layer of core splice adhesive against
its exposed edge. Position the second piece of core in place. -

Tine assembly should now be ready for the first stage cure.

25. Place a layer of release film over the part. The metal details that are not being bonded in the
first stage cure may he used as caul plat es to hold the assembly in position. Using the standard
bonding procedure described in section 7. 1 1 . 1. vacuum bag the repair area and cure per
requirements in table 4-3.

NOTE: For assurance of a qual i ty  bond , heat must be applied
to BOTH surfaces of the sandwich when the assembly
is thicker than 1/2 inch.

26. After the cure has been completed , debag the assembly.

WARNING: WEAR HEAT INSULATING GLOVES WHEN
HANDLIN G HOT TOOLS OR PARTS .

27. Inspect the core edges for a homogeneous bond. If voids appear in tine bond h ine , fill wi th
additional core splice foam adhesive. This may be cured at the recommended temperature
usin g heat lamps.

28. Sand the core surface flush with the skin surface. Remove the sanding debris with clean dry
compressed air or vacuum.

29. Wipe the surface of the core with cheesecloth moistened with cleaning solvent (refe r to
section 5.2 Dry to remove all trace of solvent.
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30. Mask the core and bond h ines to prevent contamination during preparation of the skin surface
(‘or bonding the cover plates. Use pol yester or a luminunn i t’oil tape for a luminum or polyester
or lead f’oil tape for t i t an ium.  Tine skin edges may he overlapped by 0.060 ± 0.020 inch in tine
area adjacent to the core. Re’I’er to f’igure 6-36.

3 1. ( ‘hemicaihy prepare the skin surface and the surfaces of tine cover patch plates for bonding per
instructions in section 5.3. Observe notes regarding cleanliness and safety as noted previously
in step 22.

32. At ’ter the surface preparation is complete , apply the appropriate adhesive primer per section
4 .3.1 .

33, Apply adinesiv e per section 4 .3,2 amid install  the cover patch plates as follows:

a, Rennove tine previously cut pieces of adhesive film from storage. Observe precautionary
notes regarding conditioning ot’ refrigerated material (sec. 1.2.5 ) .

h. Remove the separator h i m  from the adhesive and apply adhesive and cover plates .

c. Secure the cover plates in position with polyester or nylon fi l n tape.

d. Locate and secure a minimum of these thermocouples around the repair area.

34. Prepare the repair for bon ding in accordance with section 7 . 1 1 .

35. Cure the repair assembly per requirements for the selected adhesive system in section 4.2.

36. Remove tine bondin g equipment after the cure cycle is complete.

WARNING: WEAR HEAT INSULAT ING GLOV ES WHEN
HANDLING HOT PARTS OR EQUIPMENT.

37. Remove excess adhesive flash per section 7. 12.

38. Inspect the panel per section 10. to ensure tha t  the repair qual i t y  is adequate.

39 . Seal around the edge of the cover plates with sealing compound (refer to sec. 4.3.6).

40. Apply finish per section 4.3.7 and applicable aircraft T.O.
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6.8 WEDGE SECTION TRAILING-EDGE DAMAGE “ .

These methods apply to the repair of wedge-shaped sandwich construction that is typica l at the t~aiiing
edges of wing or empennage structure. The repairs are for relatively minor damage and are subject’to
size and weight restriction s imposed by the specific aircraft model’s technical orders. Special care
should be taken to define the damage boundar y . Damage assessment procedur es are covered in sect ion

2.0 and non-d est ru ct ive inspection methods in section 10.0. When the extent of dama ge is beyond the
scope of the small area repair . repair or rebuildin g shall be per the techniques outlined in section 7.0.

Repair procedures are presented for three design configurations. These are ( 1 )  arrowhead chose-out ,
( 2 1  laminated edge close-out , and (3) the wrap-around skin close-out. The procedure s are for alumi-

4 num or titanium assemblies. Refe r to the applicable aircraft T.O. for repair of fiberglass components.

During the repair activit y,  give ~ ecial attention to the following items:

WARNING: OBS ERVE ALL LOCAL SAFETY PRECAUTIONS
AND THOSE DESI GNATED IN SECTION 1.3.

DO NOT ALLOW CONCE NTRATED MIXTURE S
OR SOLUTIO NS TO COME IN CONTA CT
WITH SKIN OR CL OTHING. IN CASE OF
ACCIDENTAL CONT ACT , IMMEDIATEL Y
WASH OFF WIT H GENEROU S AMOUNTS OF
CLEAN WATER.

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLOVES WHEN HANDLING
ACIDS AND CL EANING SOLUTIONS.

IF THE REPAIR IS IN A FUEL TANK AREA ,
THE FUEL TANK PRESSURE SHALL BE
RELIEVED PR IOR TO STARTING RE PAIR.
OBSERVE OTH ER PRECAUTIONARY
PROCEDURES AS DESIGNATED BY THE
SAFETY OF FICER.

CAUTION : Once the Cleaning Procedure Starts, DO NOT TOU CH
or Contaminate Any Surface to Be Filled , Coated ,
or Bonded.

DO NOT Allow Solutions to Enter the Assembly
or Contact the Previously Cured Adhesive.

Observe Requiremen ts for a Clean Environmen t.
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Th e following lists identify the assorted expendable materials and miscellaneous equipment that are
required to repair various types of trailing edge damage. Refer to sections 4.0 and 5.0 , respectively,
for specifi c materials identification and surface preparation procedures. 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 , blea ched , 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 , 0. 1 25-inch
Potting compound , core and dent filler
Primer , adhesive
Primer , sealant , aerodynamic smoother
Putty, vacuum seal
Sealant , aerodynamic smoother
Solution , surface preparation
Solvent , nonchiorinated (fo r titanium)
Solvent , cleaning - -
Tape , aluminum foil 0.004 (for aluminum)
Tape , double-backed
Tape , lead foil (for titanium)
Tape , masking, hi-temp
Tape , plastic film , nylon
Titanium , sheet
Water , distilled or deminera lized

Tools 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 100 psi (w/pressure regulator , filter , and oil trap)
Blanket , insulation
Blanket , heater , electric
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Brus ln , acid , 3 ‘8- by I — in i c l n
Brush , pai nt . sinort bristle . i - i  /2-inch
Clamps , (‘-type
Containers, In i ixing, po lyet lny lene
Controller, electrical , Variac or power stat , adjus ab le. ac
Drill motor , p mn eu matic  or electric exp losi onnproof in fuel areas)
Emery cloth , (50 , 320 , am n d 400 grit. alunnin um oxide (for t i t a n i u n n )
Fillet gun , se a l amn t
Gage, air presstia ’. I 00 psi
Gage , vacuunnn . 32 in. Fig
Gloves . m eat insulating
Gloves, white cotton fiber
Gloves , rubber or neoprene , surgeons ’

— Heat lamps . 200 to 350 watt  (exp losio mnpro of)
Hole saw assembly
Hose , va&’ni un n w/ fi t t in gs
Knife , core cut t ing
Knife , pu t t y
Knife , pocket
Micrometer , dept in
Micro stop, drill
Pen , ink nnarking
Power supply, 11 5 volt , 60 cycle , ac

- - Pressure plate , 0. 125- and 0.250-inch aluminum
Probes , vacuum , connector
Py romet er , 00 to 4000 F, automatic recordim ig
Router hits , assorted sizes
Router motor , p l n eL mn n a t i c or electric (expi os io np r oof  for fuel areas)
Router templates
Safety glasses or shield
Saw . recipro cati n ng, pmneumnnatic or electric (exp losioinpro of for (‘mac h a re a s)
Scribe
Spatula . wood or metal
Timi snips , metal cut t ing
Vacuum cleaner , industr ia l  or hand—t y p e
Vacuunn source
Wir e , the rnmoc oup le , type J or equivalent

6.8. 1 ARROWHEAD TRAILING-EDGE REPAIR

The met inod outlined below covers nii m ior repairs to tr ailimng -e dg e structure In av im i g an ar ro w lne a d— t vpe
close-out. Typical damage of t inis hype is sinown in figure (-~-4(~.

Tine repair steps ar e as follows:

Apply niaski tng around tine repair area to prevent furt in er damage during rewe: k and to comntaim n
surface preparation cin emii ica ls. Use al tm nn in n un n n  foil or polyester tap e for a luminum and lead
foil or polyester tape for ti tan iunn.

-

- 
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Figure 6-46. Typical Damage to Arrowhead- Type Trailing-Edge Close-Out

2. Dc tine the ho ma nda rv of the d a niaged a rca. Lavo ma t a regu Ia r—s ina ped cut ing pat t ern that  cx t ends
a min imum of 0.25 inch beyond tine dam in age edge. See figure (i-4 7 .

3. Removal of the damaged area nnav be facil i tated 1w tine use oh’ a router t e m n nphate .  I t ’ a sta m i dard
tennp la t e is miot available . fabricate a te m u plate fro m 0. I 25—inch—thick phen oh ic or a l unn unu m
sheet as innstr uc t ed in sectiomi 8. 1. 1 .

4 . At tach the router tennnpta te  over the  damaged area wit in  double-back ed tap e . Allow (or tine set-
hack distance required (‘or the router colla r.

Edge of area
to be removed

0.25 in. .“Mm

Figure 6-4Z ‘Layout of Cutting Pattern for Da~nage Removal
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5. L 1 sing tine router iier instruction s imn sectiomi 8.1.1 . set the router bit to tine skin depth amid remove
the \ec tiomi of da mn -n aged skin.

CAUTION: Care Must Be Taken While Removing tine
Damaged Material to Prevent Skin Delaminatio n
In the Adjacent Area.

-
~ . Rem in ove the temnpla te and attach it to the opposite side of the panel. Repeat the previ ous opera-

tion to remove the oppo sing skin section.

7 . I.’’~i i ng a r eciprocati ing saw or other suitable cutting devi :e. remove t ine  damaged section of tine
arrow inead. See figure o-48.

- r Figure 6-48. -Trailing Edge With Damaged Area Removed

- : NOTE: Padded wedge blocks amid C-clamps may he used to
apply pressure to tine skin adjaceni t to the cut-out urea
to pr evem i t dela m imi at ion.  Care must be taken  to prevent

- damage to tine sandwich core from excess cl ampi nng
pressure.

8. Remove the core from the cut-out area wit in a core -cutt imig knife ,

No ’rE: Steps 5. ~~. 7 , and 8 can be coniplete d in one ope r ati om i
1w using a hand-held router and exte m ided router bit
per imistructiomis in sectiom n 8. I

9, Using the  reciprocatin g saw (or al ternat e dev ices . cut n otc ln es in n t I ne  edges of (lie arrowlnead
f i t t ing .  Tlnese sin oul d be approxim ni ate ly 0.50 imnchn deep 1w 0.25 imich w ide amnd ~~() oft ’ t ine ( ‘ore—
amid-aft cut line. See figure ~~~~
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Figure 6-49. —Notc hes Cut in Arrowhead Fitting to Receive Replacement Part

10 . Use air pressure or a v acuun n cleaning device to reniio ve m ii eta l chips and debr is tr onn t ine cut—out
a rea. W ea r c c  p ro tect iv e goggles or a t~ ce shield. inspect t’or evidence of in te r na l  corrosion or
moisture.

NOTE: If moisture or corrosion is pr e sennt . its exte nt  must be
determimned and it must be removed.

11 . Fabricate the r epair detai ls . A schematic of the details is shown in figure ~~—5O. Note tinat tine

arrowhead replacement insert does not have tine undercuts (‘or tine skin.

a . Select tine material for tine patch plates to be the same gage. alloy , amid te mn ip er as that being
rep aired.

h . Liv out and cut tine two patch plates. The plates must be ot’ sut ’t’ieient s t /C to allow for a
mn i inini un i overlap of 1 .0 inch or as speciti ed in the applicable aircra i ’t F ,O.

c. If the t h ickness of the  patch plates exceeds 0.025 inc h . bevel tine edge ot one side per tine
sketc in.

Ft
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Bevel Detail Sketch

12 .  l ’abrica t e ( l ie t O I C  plug. Sel . ’cl t he CUR’ di ’ m i s m l y ,  C C ’ ! 1  su e, a nd ah oy to be time same as tha t  used
in ( l ie  or igi n al  ~- tt n s l m i i t ’h i omn .  A l u n i i m n t m m n  imom n evcommmb s lm:m h l  he a en n m m us i omn— ie s t s t a i n t  mnom n pt ’ r t o t ~ it ’d
t~ PC.

a. hums t m L R’ ntoums Io r ciii lu ng l I ne  t O I C  di’ lan ls are giv emi u n  section ( . 1 . 2 . ( ‘Ut t ime  coft ’ det ails
wilhm time (‘oil mi bb om n d j r e t t i o m m  om’ie m~t etl i n t i me sa m n e d i rect ion as the  C Ct R ’  u n  t h e  panel .  I I i . ’
con’ depl h should be such I l ma l  t i m e c om e surface Is flus h ~ m i i m  li me ou ter  smul ace C l  t i m e
co inmpom n ~-nt  sL I m i .  l rim mm t i m e edges oh ’ t ine  come to fi t  looseR in l Im e ~‘ore cav i t y

N O l i ~ : Use cat-c i i i  handl in g  t ime core i~ki~ to pre~t’ mn t C lam mla g e.

I .~~. i al)rit ’ale the am ro w h e ad  rL ’p laC ’e nle n l  u nse n t .  Ma~’l m i um e a m ep ia~- e m um e mml  sl.’ ( l i O t l  (r ow a su i l a b l e
e x l m u siomn or bar stock , Mal t ’h li me 50 a ngle Ih ma l was cut in t i me t o u m i p o n e m i t  ,t r r owhea d to plC ) dut ’e
a ne t l i  I

14 Assemb le t i m e d etai ls  am i d make ai te r : mt i om ns  as r equired 10 ob l a i n i  i 1r ol~ ’r l i i .

15 . Remove t i m e  om ’eam ni c I ’i mmis h arou n d the  cav i t y  ott bou t suu r t a ce \  usim ig 22 ft  to -~ 2 0—gr i t  a l u m u n m m n m u m n n
oxide paper or eu ler  cloth , Polisim wi t  I n m n v i o m i  abrasive pads .

I ft ( ‘Iea m m l in t ’ mep a i n’ c a v i t y  using cimeeset’ioliu t l a n m n p ene d  w i t h  so lvent .  I)o n ot use C\ t ’eSS so lven t .

( ‘\t l ION : It ’ tI m e Repair -~ r.,’a is (‘ont an m in at ed With  h ” uel
or ilv d r aulit ’ l ’luj d . List ’ MFK or Other Suitable
Soh-en t a mi d a Brush to (‘lean. lIe Sure tIm e Ar ea
i~ I’ree of (‘om n l z m mn n i i n a t ion and h) m’~ Bct’orc Pro—
ceedinit Wit h the Repair.

~~~~ f , ~ t t i ~- s i ~~ .i l ’ r  .1 t t t l t t i t ’ i u i l U  ‘I I ‘~ n t i m m u n l ~’’s i i  i~ ii~l im l t ’ n m n ; ~~- m a m u r e .

i ~il I Ii )‘~s I i g~ ’ S l, . . ,sl , l  I(i’ I aken ‘~~s i t  las i nnt ’hi lint’ ( leaned

~a r ’ i I ~ a i~~~l n~i ’b ~% hUa’ I u,tk ss I oIla ’ it I .l.oe ’,

- ‘!t,,i , ‘,~~‘ni i li.il ~t il l I’, tahIme ~s~ il’ ‘ut ,l -~l
- i , ,  

~~~~~~~ 
i t , . .~~ I l i l t i l  li lt -. f , , 5 ’.
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Upper patch
plate

Co: :!:g 

insert

Repair assembly

Lower patch

Figure 6-50. — Schematic of Repair for Arrowhead- Type Trailing’Edge Damage

18. rrepare the hou~ stnrt ~tt’es of th e com ponen I . (he sheet mela I Pat cii p la (es a n il I lie arrow In ead
rt’p iact’nnen t  part as im i s t ruct t ’tl u n set -i to n 5,0, Riinse tine surtaces thor oughl y wi t  in clean \ v . t t e t .
I it mnnus paper sh ould be used to einsure t lm at all acid has been r c m mno ved \ mm ~l r~ t he sur ia ..’e .

I ~~~. ( I t ’a mn the  core deta i l  per sect ion 5.2.

• I ~e t r i c In l oro e t i ma mne or ot hner suitab le solve n ts  b r  . i l u n n in um nn core ,

• I. SC~ i i i !  II ~m n ~- hmiIe  I n a n dl im ig t i l t ’ C ore  p lu g.

• Ph , I\ I t t  t t ’i e l  ~l m p i t h !  i m n i t h  i l l  C l i i i  C i i  c ie . i m ning sohv ~’ m nt is , e t m i o ~eil h)o mio t d ;innag e t i m e

~ I l ~ w i t h  i i i  .ii r i i l.isl II  is . I C C C ’ p l , t l ie ~ ~
- .i d u l l y  s l i , i k  the t t ’ n t ’ i ’lu~’ It ’  n - t w i n e  l i i i ’
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Masking tape

Mask the core ar ’a

Cover the bondline
with 1/8 in . wide
strip of tape

Figure 6~51. -Application of Masking Tape Pr/or to Surface Cleaning

20. Prepare tine ad h e s ive :

a . Sc Iec( time appropri ate adimesi vt ’ film and core splice adhe sive Per sect ion 4 .2. Ol st ’n ve p ie -
caut io n ary notes wh en remo ving refrig erated material  from storage (Sec . I 2.5 ‘I . l)o ino t
kn uch tine ad h esive wi th  hare ha m n d s

b. ( ‘ i t t  tIme r equired ad in e si vc t i i m n n  p atch ie s to si/c . l in e m nne t a l  patc h pla t es  mmn ; i ~ he used .is

cutt im i g t emplates.

21 , Remove m nnas k imn g t ape fro m t Inc repair area,

22. Apply an tn hi nesive —comnip at ihl e p r inn ie r to t i me ho mi d surfaces. See section 4.2 for the r r im nner
select ion amid set t iol n 4 . 3. I for app h it ’at i ot n ins t ruc t  ions , -\ i r  dry or ha ke tine pnm nner as i mms t m ’u c ( c d.

23 . Assemb le t ime  repair deta i l s  for bondin g:

a - Oh tai nm the core spi k.e ad Inesi ve from in t orage . See sect io in 4.2 i’or mater ia l  selection.
Observ e prec autio n s comnc t ’r lni ln g p r e c o ,ndit io mn i in g ot refrigerat ed in i at er i al s Pr ior to
op em n imn g (sec . 1 . 2 . 5 )•

b . Pos ition a s t r ip  ot’ cu re sp lice adh es ive aga i m n s t t ine edge ol tine exi s ting core .

6 71
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c. Fit tIne tapered piece of core imi place. Position a piece ol’ core sp lice adhnesive against the
edge oh ’ tIne core plug to mate wi th  the machined t ip  section.

ti Place pieces of tape adhesive again st tine em ids ot ’ the arrowhead fitting and press ti - ne
niachnimie d t ip secti on -n into place. See figure 6— 52.

NOTE: TIne mi iac ln ined t ip section may lie m e a t  tacked inn place
using a Inot air gum-i . DO NOT ovt’r in eat tine adhesive.

Core-s plice adhesive aroun d
core plug periphery

Core plug

~

.l

ft

ft.

L Adhesive

Machined tip section

Figure 6-52.—Assembly With Core Plug and Tip Fitting in Place

e. Install tIne previous ly cut adhesive t’ilm patches and tine two metal  splice plat es. Take special

care not to tou cln t h e  especial ly prepare d bond surfaces. Sec ur e t h e patc h p lates in place
wi ti n ny lon ttm pe. TIne assenib ly should n-now he ready for cure.

24. Prepare ti -n e assembly t’or bondin g in accordance wit h  sectio n 7. I I ,

NOTE: Special precautions iniust he taken to prevent crushing - 
$

of wedge sections during cure. Use support blocks
and caul p la tes as d escribed iii sectio mn 9.0,

25. ~ ure ti -ne repair assembly per requireme nts (‘or tine selected adhesive sys tem as noted in section 4.2.

2(i . Remove t ine bonding e qu ip m iie m nt after tine cure cycle is comn iplete.

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

6 7 8
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27. Rennove excess adhesive flash (sec. 7 .1  2 ) .

28. Nondestructively inspect the component per instructions in section 10 .0 to ensure that the
repair quality is satisfactory.

29 . Seal around the edges of the cover plates with sealing compound (re fe r to sec. 4.2 and 4.3.6).

30. Apply finish per sectio n 4.3.7 and tine app licable aircraft T.O. The completed repair is shown in
fi gure 6-53.

S

Figure 6-53.—Completed Repair of Arrowhead- Type Trailing Edge

6.8.2 LAMINATED TRAILING-EDGE CLOSEOUT REPAIR

This method covers the repair of minor damage of the type shown in figure 6-54. Tine edge closure
design is laminated metal. The method provides for eit h er a (lush repair on omne surface or a repair
with two nonflush patch plates.

The repair steps are as follows:

I . Apply masking tape around the repair are a to prevent further dama ge during rework and to 
—

contain surface preparation chemicals. Use aluminum foil or polyester tape for a l u m i n u m  and
lead foil or polyester tape for t i tanium.

2 . Define the boundary of the damaged area. Lay out a regular-shaped cutting patt erm i tha t
‘I extends a minimum of 0.25 inch beyond the damage edge, See figure 6-5 5.

i
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Figure 6-54. — Typical Damage to Laminated Trailing Edge

Lt~u11LLtLLLLLLLLLLL L~~~~ Ed~~of area to be
:1 removed

Figure 6-55. —Layout of Damaged Trailing-Edge Area To Be Removed
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NO’l’L: The type  ot ’ cut used to remo ve tine damage is de pe mn dem nt
om-n w lnet ln er two miontlus in p atc in p lates or a mn oim t lu sh and
a h ush p atc in p late are to be used. Sketc in es showing tine
two da mage r em uo v a h schemes are sh i ow m i in l’ig urc s i - 5( ,

a and b.

a. Damage Removal for Two Nonf lush Patch Plates

Rounded internal
corners , typical

]JJ) “
~~~

‘1.O in. mm width
undercut required

‘ I I IJ.~’ 
for interior patch
plate overlap

b. Damage Removal for Flush Patch Plate on One Side

Figure 6.56.— Damage Removal Schemes for Laminated Trailing Edge
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3. R ennnova l ot t ine  dam nna ged area nm : iv be facilitated h v time mi sc oh a ron ter tern plate.  it a sta mn da rd
tennp la te is not available , a t emm ;p l a t e  may be Fabri cated h ’ron n 0. 1 2 5 — , mni ’h— thic k  phne no i i t ’ sh eet
as i nst ructe li imn Set’ t io n 8. I

4. At tach  tine router ( e m m m p i a t e  over time damaged area wi t im  double—backed tape. Allow b r  t ine set-
hack distamnc c r equire d t ’or time router collar.

5. t l sim n g time router . pt’r in ns t r u c l ion s  in section S. I . I , set ti ne rout er bit to tine skimn dept h and •

re m ove ti n t ’ sect ion of damaged skim , .

(‘AUT I ON : Extreme Care Must Be Take mn Whni le Re ,nn oviing tine
Damaged Material to Prevent Skin I)ela nninatio mn
In tine Adjacent Area.

Padded Wedge Blocks and C-( lamps Slnould Be
Used To A pp ly Light Pressure To tine Skin
Adjacent To time Cut-Ou t Area to Pre vent L)e-
hann imnat ion . Care Must Be Taken To Pre vemnt
I)amnna ge To tine Saind wicln Core Fr omnn Excess
Clannp ian g Pressure.

(i . Re mnnove t lne tem pla te  and a t tach it to tine opposite side of time p am nel . Repeat the pre vious
operat ion to re inno ve the opp osnng ski m secti oin amid edge doubler. Note th at it ’ a Ilus in patch
is desired on onne surt ’ace. a larger size cut must be made on tine opposite surfa ce to aIl o~v tor
overlap of tine initer i n al splice plate.

7 . Renniov e tine core fro m tine cut- - o ut area w i t l n  a t’ore—t ’ut t imi g  kmii l ’t’. Use a’320’gr it s amndi n g disk
to remn i ove t Ine re mi nai n ni n g hnom i eyco m n nb core amid loose adhn es ive fro tnn tine imn m ne r side ol ’ the sandwici m
skin t’or tine flush—one—side repair ) . Sn ioo thn tine m nnet a l  surh ’aces l n a vi m ng residual adhesi ve w i t h
fimie abrasive paper.

NOi’E: DO NOT sand t inroug ln t h e  ad inesive on tine im n i ner  siti e
ot ’ tine skimn.  It ’ it is mnece ssarv to remove time athli e sive ,
t’or exa m nnp le beca use oh ’ corr osiom n . it w i ll he necessa ry
to reprep are I Inc surface prior to b ond ing ts instruct e d
in section 5.3,

S. Use a vacuum to remove dust or debris t’ron ni ti ne repair area. In spect (‘or m nt e r m nah  corro siomi or
n-moisture .

NOTE: It ’ nnno istur e or corrosion is present. it s ex t e n t  m u s t  be
determin ed and it n nm m st be rennoved.

It ’ the repair a rca is con t~n mu m a  ted wit in (‘mi d or 
- 

-

imvdrau hit ’ oil , mi st’ MEK or anot her suitable solv t’m nt
and a brush to clean, lie sure time are a is free ot ’ co mi—
ta n m i n na t i o n  and dr ~ beh ’ore proceeding wi th  the repair.
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o) , Fxp iode d views sh owi m ng th e  det a iled parts requ ired for the repair are sh own in fi~ ui re ~-5
Fabricate tine simeet mne t a I de ta i l s  as follows.

a. Select tine n nna terial to lit ’ t ine same as tine san nt l w it ’hn face and doub ler m nn a teri a I t h a t  is b eing
repl aced. Tine gage 01’ eac in de t a i l  shn ou lt l he eq u iva i e m nt  to ti ne gage of t l it ’ piece I lm a t is hel ing
pa tc h ed or sp l iced .

L i . (‘mit t int ’ p atc in or sp l ice det a i l s to be ot sul ’I ’ ic iem nt size to allow (‘or adeq uate  splice overlap.
i hnis sinould he a m n m i i n i n n um nn  of 1 .0 in cl n  or as specit ’ied 1w t int ’ rt’sp t )m ns mb le eng im ne e rmmng
au t hnor i tv . Fo rm n n p atch p lates to l i lt’ necessary co mi tour  as r equired.

c. Ii ’ t ine miointl u shi patc in plate omi the panel exter ior  exceeds 0.025 inc ln iii t l nmc k nn e ss .  bevel t i n e
edge ot’ onne side as sinowin mm Fm wre o-sS.

I 0. Fa bric a It’ the  come p l ug:

a. Select tInt ’ core d e m n s i t v , cell size , amnd ah oy to he time same as t h a t  used inn t ine ori gina l coi n —
st ruc t i o m n .  Almnm nni m n mm : m n honevc onmh core shall be a eor r o s i omn—re s ista n t no n npe r ho rate t l  type.
l n n s t rm i i ’t i o m n s I’or cut 6mng I In c core details  are gi v e mn u n  section ~~. 1 .2 .

h. (‘U t tIme core deta i ls  wit  I n t he  r ihh o m m oh ir ect ion ori emntt’d i n t ine  sa m i ne d i re t t io n i  as t im e  ~.‘ore nn
ti m e pamnt’h. i ri m nn t ine edges ot ’ t ine core to fit  loosely in l i l t ’ L’ort’ cav i l\ - .

I I .  Assemble the  detai ls  and ch neck for pm ’oper f i t  -

12 l de m nt i t ’v t I ne mnnet a i surfaces on eac lm side of ’ tIne co ni m p on m t ’n I t h a t  w ill  be atlImesiveI ~ bo n ded d u ring
t i ne repa i r . Re mn io ve the or gaimic f im nish  h’ronn thes e surl ’aces usim ig 2 20— to 320— grit  abrasive paper.
Po h is ln wit  in m ivi on abra sive pads .

13. ( ‘k ’amn tIn e repair t’a v it v  u si mn g c lneesec loth n d am nnpem w d wi t l m  s oivemn t . i)o not use excess so lv e m nt .
\ i i  dry tine area for a m n n i m n i n m n u m  oh ’ I S  m n - n i n n i e s  at room t emnmpe ra t  mir e .

CAUTION: Care Should Be Taken N ot To Toucln the (‘Icained
.‘~rea Except W i t in White Lint less Cloves .

14 . Use a i t m n m i n u n i  foil or polyester tape for a l unninn un nn or lead foil or pol yester tape for I i t a n m u m n n  h o

m n na sk ar ou m nd tine m nnetai  areas to be cleaned as s inow mn in figure o—5 ~
) . l a k e  special pre L’amit iom n s to

protect tine ex is t in g  boni di inne s and tine ct-ire area to prevent conn ( at tn in :m t io n  Ir on li t i ne  ch e a m nin g
so lmi t iom n s or gels. Fdgt’s of t int ’ t’ a n i f y  and ti n t ’ hon di ine s may I-ic overlapped 0.Oei O inc ln by h i t ’

t a pe.

1 5. Prepare tine homid surfaces oi’ tIne c onn ipo mnent anti t in t ’ slnt’eI mnneta I rep air deta i l s  as instruct ed in
secti om n 5 . 3. Rinse tine surfaces m horo m m g hniv  w i t h  clean waler.  l i t  mnnu s paper sinail I- it’ used to
ensure that al l acid h a s  been renn io ved . Air d rv the surface.
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~ No nfl us h patch

Tapered co re .. ~~~ 
- . ‘1 ‘ ‘

plug “‘
~
‘l” ’~~;~ 

~~~~ 
1~-’~ 

‘

‘• 4’&4 (i1~~~~~ I~
”[’ %.S .. Edge doubler

patc h

a Repair With Two Nontlush Patch Plates

: 1

— ~~— Nonf lush patch
- - plate

7- -

Tapered core 
~~~~~~~~~~~~~~~~~~~~ 

~ 

Edge doubler

___ ~~ Interior splice
oh ate

ce

b. Repair With One Flush Patch

Figure 6-57. —Schematic of Repair for Laminated Trailing .Edge Damage
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—0.0 10 in.

Figure 6-58.—Beveled Edge of Patch P/ate

Foil masking tape
Overla p edge
by 0.060 in.

Mask core
area

- 
- Cov:r bond line

of tape

Figure 6-59.—Application of Masking Tape Pr/or to Surface Cleaning

16. Clean the core detail per section 5.2.

• Use trich ioroethane or other suitable solvents for aluminum core. Adlnere to local
safety requirements.

• Use caution while handling the core plug.

• Carefully sin ake th e core plug to remove tine excess solv em n t . Play air h ig in t l y  over the
plug unt i l  all odor of ’ cleaning solvem it is renioveti .

NOTE: (‘lean white  cotto n - i l in t l ess gloves shall he worn when
handlin g cieann details or adhesive.

6-85

~

_ I

~

T

~

I i1JII ~~~~



-
~~~~~~ - -~ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I ~~. Prepare the adhn e si~-e :

a. Select tine appropri ate adi nt -sive f’i lm n i am nd core splice adhesive per section 4 .2. Obse rve
preca u t i om nary notes when removi ng rei ’ri ger ateof n n ater m a l fron i storage Sec. I .2 . 5) . Do
nno t touch the adhesive wi ti n bare in ai n ds .

Ii . (‘mi t t ine requi ie d ad ine siv e fi lm p a t t  Ines to size . [he mn - m et a l  patt ’h plates may be used as
cut t i nn g  templates.

I ‘~~. Re m nn o ve m nnaskin g tape fr o mn m t ime repair area.

I t) , .- \pp l~- a n at l in e siv e—c om iip ati hle pr inn n er  to -i the bond surfaces. Seo’ sectio m n 4.2 for m n i ater i a l  and
4.3. I for ap phi ca t i o ) m n ins t ruc oom ns .  Air  dry or hake tine primer as i m s t r U cte t ~ -

20 Asse nn b he tine repair details  for bonntti mi g:

a. In sta l l t in e lower n~ t’t~t i patc in plates w i t i n  t ine appropriate  pr ev :ot isly cut :mtll n esive h’i ln n
pa tc l nes. Take care mn ot to touc in t ine especially prepared hoi nt i surfaces .

b. Position a strip of core splice adinesi v e ag a i mn st tIne edge cit the  ex is t i ing core.

c. Fit tine taperet i piece oh ’ core in p lace. P o s i t m o m n  a piec e of co-ire splice :md lnesive a g a imnst  tine
edge of tine core pl ui g to in nat e  wit ln t h e  edge doui- i ler strip.

ml . Fit tIne t’olge doubler in place. Tine surface ot ’ ti ne co -ire plug amid tine t l o nmbi er  shnou l d be
level wit ln  t ine outer ski m n surt ’act’, See t’igure (~-(-i 0.

e. I n ns ta i l  t ine coven mng ad hesive t’i I inn a mid pat cm pla he. Secure the pa It ’ll p la I o’s in p km cc wi tin
mi v ionn tape. Tine assembly sinould n w  be read (‘or cure .

F. Locate a nn in ninn nu m m n oh ’ t inree t I n e rmu ocoup ies amou ntl the repair area anti t m \  inn pt at ’e \V i t i n
ny lo n or i olyes t er tape.

2 1.  Prepare the assennhlv t’or b onol imi g in accort lam nce w m t h n  st’cti om n 7. I l .

NOTE: Special pr et’a u ti om ns moist 1-ic taken to prevent cr u s i nimng
of ’ weol ge sections tI nn ing cure , Use support  blocks and

• ca ul plates as olt ’sc ribe ol in section ~~~

22. (‘nrc tine repair a sser mnb i per req mm ir e nne m n t s  for tint ’ selected adhe sive systt ’i n l as mnote d in sect mo m
4.2 .

23. Rennov e tine bonol im n g e q uip m nn e mnt  a f ter  tine cure cycle is co mn n pl e t e .

WARNING:  WEAR HEAT INS U L . -~TING GLOVES WHEN
HANDLING HOT PA RTS OR EQUIP M EN T .
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24 . Remove e \CeSs asll nes iv e h ash (sec. 7 , 1 2) .

25 . Norn — de s t ruc t iv e iv  inspect ti -me componen t to ensure t ha I  the  repair qua l i t y  is sa t i s fac tor y .

2ei . Seal around t ime edges of tine cover plates w i th  sealing compound (refe r to sec. 4 .2 and 4.3.6
for mnnateri ai  amid app li c at iomn instructions ) .

27 . App ly fi nis h per section -n 4.3. 7 a n d t h e  app l icaN e aircra ft 1 .0, i h i ’ completed repair m s s ho n w m n
inn t’igure 6—6 1

Splice plate

Core .sp lice adhesive
around peri phery of

.-___——--—.._. ~~~~~~~~~~~~~~~~~ core plug

7
7 I

7 —
~

Edge doubler
5..

Splice ::: plug

Figure 6-60.—Assembly With Lower Splice Plate, Core Plug, and Edge Doubler in Place

Figure 6.67.— Completed Repair of Laminated 7 railing Edge
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o, S . 3 W R ..~P -AROUN l) TR AI L I NC -E E )GE REPAIR

i l n i s  s~ c t i o m n prov it les im nstruc t io n for tine repair - ~I minor  d annmage to wra p -a roun d— tv n e t r a i ( im ng edge
structure  such as is s inow mn u n  h ’ig uj’e ~-t~2 . General note s r egardimn g t In s repair m et lnod are given at
tine h egi nn imi g oh t inis s ec ti om n ~~~~ ) .  Add it io nn a l ly  r e f e r  to ) tine bo’g i m im i i m g ol t lnis section tor precaut ion—
any n ote s a m n d t I n e l isting of requiret l repa ir mni ate rhtl s . t oa ls anti eq ui p n ln ent .

Figure 6’62— Typ ica/ Damage to Wrap-Around- Type Trail/rig Edge Close- Out

The re pa ir  s t t ’pS are as touIow s :

I . I) eh ’ine t ine  ho umid arv of ’ t i ne damaged area ( a p p l v i mn g  t’oon’d imn ate l i nnes  mn n av he helpful  d m iring
asse niiblv l .

2. L a s- out a regu iar — sin ap ed t mit  t imng pa t t e r m n tha t  L’\ tem n ds .1 m nnin i mumnn  of O ,2S imnch he vo m m d t i l t ’

t l am n ma ge ed ge. See figure ( i—45 on (~— 5 tl .

3. Removal oh ’ tine damaged area mm nay he faci l i ta ted by t ine use of a router temp late. i t  a stam n ola rd
te nn i - i l ate ms not ava i lab le , a t enn pl a te  may he l’:mb r i c al cml from 0. 12 5— i m nc i n — I l n ic k p in t’m noh i c or
a l u nn n i n u m n t  sheet as i nstrm nc te o l  in - n sect ion S . I , I -

4 . At t at ’ln t i me ro u t t ’n t o’m p lat e over tine damagcol area w i t in  olout i l e—h ac k ed tape .\ llm .-iw I or ti n e
so t—ha c k  d is tance  required for tin e 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 Material To Prevent Skin Delamination
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 Damage To the Sand-
wich Core From Excess Clamping Pressure.

6. Remove the template and attach it to the opposite side of the panel. Repeat the previous
operation to remove the opposing skin 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 cut-out 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 corrosion 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 with the repair .

9. An exploded ~1ew of the detailed parts required for repair is shown in figure 6-63. Fabricate
the sheet metal patch plate as follows:

a. 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.
This should be a minimum of 1.0 inch or as specified by the responsible engineering
authority.

c. If the patch plate exceeds 0.025 inch in thickness , bevel the edge of one side as shown
in figure 6-64.
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Wra~~around patch

Figure 663 Trailing Edge Damage Removed and Repair Details Prepared

ii

o.o2o~g~~~4 ~~~~~ 17t~3t

Figure 6-64.—Beveled Edge of Patch P/ate

d. Form the patch p l ate to a radius and angle to match the outer surface trailing-edge contour .
Re sure the edge bevel is on the outside.

10. Fabricate the honeycomb core plug:

a. Select the core density, cell size , and alloy to he the same as that used in the origin al
constructio n. Aluminum honeycomb shall he a corrosion—resistant nonperfor ated type.

h . Instruc t ions for cut t ing (he core deta il s are given in section ~~ . I .2. (‘ut the core detai ls
wi th  the foil ribbo n direction oriented in the same direction as the core in the panel. The
core depth should he such that  the core surt ’ace 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 prepar e a pott ing compound as note d in section 4..~.4 .

d. Fill the core plug trail ing edge cells for a width of one inch wi th  the prepared pot t i ng
mat e rial. Cure per the r equir ements in section 4.2 .
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c - . \fter th e cure i’~ compkt e . sa nd the surfaces smooth and ra d ius th e t r a i l i n g  edge to ma t~ li
th e outer  radius of th e damaged coinpon er i t .

I .  t i se a vacuum cleaning device to remove the sanding ~lchr~ .

I I  . A ’ .sc n ih ie the det ails and check for proper l i t .

12 .  Continue the repair sequence for the laminat ed tr a i  Ii ng— edge repair in sect ion 6 . ~.2 ,
items 14 through 27 . The detail  assembl y,  a fter ins ta l la t ion  of ( lie core , is shown in 11gw e 6—65.
The completed repair is shown in figure 6-66.

Splice adhesive around
core periphery

Potted core trailing
edge

~~~~1Ii~~~~~ te

Figure 6-65. — Trailing-Edge Repair With Core Plug in Place

Figure 6-66—Completed Repair of Wrap-Around—Type Trailing Edge
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6.9 METAL-TO -METAL LAMINAT E I ) REPAIRS

l hese repairs are for re l a t i vel  minor damage and are subj ect to si/ c  and w ei ght  restrict iofls ni t posed
h~ th e  app li ca b le ai r craf t  t ech n ica~ orders . Specia l k-are shou Id he tak en to def in e th e d:i wage
boundar y , especially i f corrosion is the cause of damage to th e  laminate .  Damage assessillell

procedures are covered in section 2.0 and nondes t r u ct i v e  inspection meth ods in section 10. 0. Wh en
the e x t en t  of damage is major and beyond th e scope of small area repa irs . cons ider at ion should he
given to replacing the l a mi n a t e  w i t h  a new one.

Proced tires are on t l i  ned to repair damage infl ict ed on a t ~s o— thre e— , or four—layere d laminate  and to
cit her edge or m i d  panel damage.

Sectional v ie w s in figures n—~ ~ . 6—65 . and b—6~
) indicat e types of repa irs tha t  may he used at the  edge

of a laminate  or in the  midp anel panel area.

Delamination in one layer

Plug — 
-~~

L~~~~~~~~~~~~~~~~~~~~~~~~~ I_ _

Figure 6~67. — Delamination of Double- or Triple-Layered Laminate and Typical Repair Scheme

Dented Area

Plug
______________ 

(singl e or mu lt ilayer )
4 ____—

~-

Figure 6-68.— Dented Skin and Typical Repair Scheme With Non flush Patch Plates
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Dented Area

Patch plate

~~~~~~~~~~~~~~~~~~ a

Aerodynamic surface

Figure 6-69.—Schematic of Repair for Dented Skin With Typical Repair for Aerodynamic
Smoothness

l)uring the repair a c t i v i t y , give special a t t e n t i o n  to the fo l lowin g i t ems :

WARNING: OBSERVE SAFETY PRECAUTIONS DESIGN ATEL)
BY LOCAL REGULATIONS ANt) THOSE
NOTED IN SECTION 1 .3.

DO NOT ALLOW CONC ENTRAT E I) MIXTURES
OR SOLUTIONS TO COME IN CONTA CT
WITH SKIN OR CLOTHING. IN CASE OF
ACCIDENT AL CONTACT , IMME D IATELY
WASH OFF WITH GENEROUS AMOUNTS OF
CLEAN WATER.

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLO VES WHEN HANDLING
ACiDS AND SOLUTIONS.

IF THE REPAIR IS IN A FUEL TANK AREA ,
THE FUEL TANK PRESSURE SHALL BE
REL I EVE L) PRIOR TO START iNG REPAIR.
OBSERVE OTHER PRECAUTIONARY
PROCEDURES AS DESIGNATED BY THE
SAFETY OFFICER .

CAUT I ON: Once the Cleaning Procedure Starts , DO NOT
TOUCH or Contaminate Any Surface To Be
Filled , Coated, or Bonded.
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( ‘AI ) I I ON : DO NOT Al low Solulions 1n I~n ter t he % % 5 ’ml) lv
or (‘ontact the Previously (‘ti red Adhe sive .

Observ e Require.nents For Clean Em ir onm ent.

t h e  fo l lo wing l is ts  include th e i L t e n t i f i c a t m o i ~ of mat er ia ls , too ls , and e q uip m ent  mi eeeled for .ic co inplms h-
ins the rep air s describ ed in t Ii is sec hon .

Materia Ls

,~d t icsi ve . fmlm i i
.~ dhies iv e . pas te
A In mu inn mu slice
(‘heesecloth , bleac h ed . 4-p ly p ;~ ls
(‘hi ron ia t e  conv ers ion co. i t i ng
( lean er , a lk a l ine
Cloth , bleede r
(‘lot h . rumple . pu r i f i ed  polishing fabric
F ilm , rel ea se
Film , vacuum baggin g
I’ai n t . finish
Paper , wrappi ng. s~ ,i - f ree
Ph e nolic sheet , 0.1 25—inch
Primer , adh esive
Primer , seala n t , ae rodv mimic sm oother
Pu t t v .  vacuum seal
Sealant . aerody na mn ic smoother
Solution , sur f a ce  p rep aration
Solvent , nonchlo rinated for t i t a n i u m )
Solve n t , clean ing
[a pe , a lu minum I’oil 0.004 (for a l uminum )
Tape , do uble—backed
I’ape . lead foil ( f o r  t i t a n i u m )
[ape , masking ,  h i—t ern p
Tape . plastic fl In t , ny lon
t i tan ium , sheet
Water , distilled or demui ner alize d

ft )OtS oi~ Equi pment

Abrasive pads . nonwoven , ny lon
Abrasive cloth or paper , wet or dry .  1 50. 220 . 320 . and 400 grit , aluminum ox ide
,\sp i rat or , vacuum
Air supply. ~o to 100 psi (w pressur e r egulator . fi l ter , and oil t rap )
B lank et.  insulation
Blanket , heater , electric
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Brush . .ic m d. ,~ S - by I -inch
Bru sh , pai nt . sh i o m m b ristle , I — I 2— i n c h
Btm r m t i sh i i n g  too l , met a l  or p t . i s t i
( h. i i i i ps , ( ‘- t ~ ~( ‘om t t a i i t e rs, m i x  mu g, potyetl i t ene
m. ‘ont rol l t ’m - , elect rmc. ’I . \‘a m ta c or pow er s tat , . i dt ust .ih le , ,m c
I ) m nl  I motor , pml e umu.m t mc or ele ctric (exp tos ionpr oot ’ i i i  fu e l  .t i t ’as I
I i i ic i  ‘~ cloth , t 50 , .~ 20 . .mi id  400 grit . alti minumu oxide t R~m t i t an ium
Fillet gnu , sca l a m i t
1 lv ~‘u t t e r
( age , .11 1 t~~~’S5u1  e , I 00 psi

.ige , v .ictm u m u . .~ 2 i i i  I IL ’
( los es h i e. t t  i m i su l a t m img
( ; lov~-s. ~

, ki te  cot t oui  t ibet
es in h t ’e i  or m tcop i cit e . sLi rgeomis ~

hIe.m t l i m ps . 200 to 350 w a t t  texplosmo m mp r oo t ’)
I lofe sa~% .msse m ubI ~
I lose . v .mcu u in ~ f it  t i i m gs
L~m n tc . l’u t t v
K r m m t e .  pt~ ’ke t
M icr omm ’te r , dept Ii
N lic r oiuet er , gap t ‘ re
~l m c ro stop, dril l
Pen , im i k mu ark i m ig
Po~ver supply , I t  S vo lt . ot ) c\ etc . .mc
Pressure pl ate . 0.1 2~ - .m ud 0 . 150—inch . i l u m ui m t tmmn
Probes , va cuum . co m in e ct or
Pyrometer , 00 to 4000 I ’ . automat ic  reco rdim i g
Router  bi t s , assorted si/ cs
Route r  motor , pn t ’u m iiat m c or elect n e  1 exp losionpr oo l ’ fo r fue l  .i me .m ~
R out e r temp lates
S.i fe t ~ gla ss es oi st i meld

r ec ip roca tu ig,  l~n euma t tc  om elect tic 1 ex p l o sm om t p ro o l ’ for f ’tiel a reas)
Scr ibe
Spatu la,  wood or metal

I ’m sn ip s , metal cut t in g
\‘ac uunl c lea m i er , im i du str i al  or h _ mu d—t y pe
\ a c u t l i l i  soni cc
\\ ‘ire . thermocouple , type J or equivalent

ts . Q . l t )AM AGE TO ONE OR MOR E LAYERS OF LAMINAT E S

[h is type repair can be used tot mid paiwl repair and when corrosion hetweemi km em’s of ’ the laminate
N .1 prot skm.

I .  I ocate the cent er of ’ the damage area . U sim ig a marking pen, mark coord inate hues at the edge
of th e damage which , it ’ extended , would pass throu gh th e d autage a tea ccii te r.
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2. Mask oft ’ around the damage area to prevem it f u r t h e r  surface damage. Use a luminum toil  or
pol y ester tape f o r alu m inum surface s or lead foil or polyester  tape fo r t i tanium stirfa ct ’s .

3- l . t ~ out a router— cut t in g p at t ~ rn th a t  esten ds .1 t f l i f l i i f l U t t I  of ’ 0. 25 inch beyond the damaged area
(see fig. 6— “0) . If  st andard stock router te m p la te  is nonexist ent , ma ke a template per
instructions in section 5. 1 .1

4. l ape the router template in place over th e d a m age area using double—backed t a p e. Ali gm i wi th
pane l edge and coordinate line s for  po sit iou .

5 , Select a router  assembly ami d router hi t .  A dj ust the hit  to tlm ~’ proper cu lt  ung depth , \l ak e t he
route r cu t .

M ) l  F:  If the damage extends to a ll th~ la m in ate layers
the first routed c u t  may he a throu g li —c t mt as shown
in t’igurc s 6-68 and 6-6k) .

6. Reset the router depth for the secom id cut if  required as shown in figure 6-~0. This requires
that the first router templates be removed and replaced wi th  a new tem plat e  tha t  includes
allowance for th e overlap dimensions.  Position th e ’ router assembly and mak e th e  second
router cut.

7 , Remove the  p ieces of damaged skin. If the skin does not t i t ’t up by linger pressure . pry loose
with  a sharp chisel or kni t ’e. I)ry ice m a y  be used to embri t tIe the adhesive for easier removal
Isee see. ~.3 ,2 ) .

5. Remove any organic fin ish re mai m l ing around the cut—out wher e ’ the patch plate wil l be bonded
using abrasive paper ( 1 50— or 220—grit ) .  Finish the surface with 400-grit abrasive paper or nylom i
abrasi ve pads , Subst i tu t e  e itIe rv cloth for abrasive paper on t i t a n i u m  assemblies.

Q. Remove all  sandin g dust and debris wi th  a va cuum cleaner.

10, Fabricate the sheet metal details :

a. Select the material to he the same as that  being repaired. The thicknesses shall he th e same
as that  of the original material , If a single plug is to he used to replace more than
one skin layer allow for the eliminated hond line thickness.

h. 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 specit ’ied by the responsible engineerin g author i t y .
If the patch plate is at the edge of a panel , add two overlap dimensions in length and only
one to the width.  i t ’ th e patch plate is t’or a midpa n el repair . add the overlap din iem ’i sion
to all sides or the periphery of the plates.

c. Cut the skin plug(s) and patch plate(s) to size ,

CAUTION ; Cutting of Titanium Details Require s Special Tools .
Consult the Proper Document For Proper Tools .
Speeds. Feeds, Etc.
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uI Uesel u lu m c sm ile  i l l  a l l  e \ ( e r u u I r  p .m t e tm p lates per ske tch .

- .  17t ’ 3 m
— 0 . 0 10 ii’ .

Sketch of Bevel Detail

I I - P r e t i t  i l l  d e t .m i l s  t o th e  , ts s emmmhl ~ . I n u t  .ms m t i ’ u u ’ss . I i ~ -

1. 2 P rep are ( lii , ’ s t in f , m e u ’ of ’ t i m e de t a i l ’, .imiul t I m e , i s se i i ih l ~ l o t  bo ndi n g .  R e t e m  to mmls t r tk ’ t i omis i i i

s~’~ m m um 5 .3 f o r  . l i m m u u m i t i m i m  an d 5 . 4 t om ti m . i i i m t m u m m .

%~ ~RN ~\(;- 1)0 \() I U I.O~ (O \ l~’I~~ 1k ~TL I) MI X TU RI - S
OR SOL I, ’ l l O ~~S 1’O (O ME l\ ( ‘ON I U I W I  [H
[Ill - SI~l\ OR I. I o l I l l N ( ; . I N (‘ -~SF o F  %( ‘Cl-
l)l ’\ I U ( O N  I U I , I~ l MEI ) I . -~TF L\ ’ %~I ASII
O F F  %% l l ’Il ; I - N I -  ROI, S  ~\IOt N I S  OF CI I’ \~\
W ~1’L -~R .

tE IS t\ ’S %% l’ -~R t\  1-IF PROT F( lION l)E~’I (’ F

~ND R I BBER .;LOVi - S W h E N  HAN Dl IN G
\C1I )S OR ( ‘ I I -  \NIN ( ;  SOL (1TR )NS .

( \ (l’ I ’ION : Once the (‘ leam m in g Procedure Starts . 1)0 N Ol ’ TOU (’Il
With Bare Hands or Contaminate  An y Surfa ce That
Is To Ri’ Filled , Coated . Or Bonded,

1)0 NO l ’ Allow Solutions to E nter the Assembly
Or (‘onta ct ~ u m~ Pre viousl y (‘t ired Adhesive.

I
Obser ve R eqtu iuv n it ’n t .s For a (‘lean F mmv ir onnm e ’nt.

I 3 . Pr ep ar e .mnd .m pp~ the ;idhes i ’ c p rim uer. f i lm ,  or p as te .

.m Select the pru ner for the chosen adhesive sstem f ’ron i section 4 , 2 , m m md ,ipply per
ins t ruct ions  iii section 4 .3 .  I . Select t he ,u~l lm e ~ ve t’ilm . sheet ,  or paste’ required to ~s i t his t and
the na r t ic ul ar  ser\ ice temperature  and specifi ed in the applicable 1. 0. Ob serve the
pr ecautionar y notes ‘~ l i e u  remo vin g refr igerated material s from storage I,. sec . 1 . 2 . 5) .

‘ mi rol l t i m e adhesive ( h f  im ; is been con d it iomte d to room tem perature .  ( ‘ tut and shape the’
Il I u m u s ing th e  details  .m s t emp lates a m i d the instruct  ions in section 4 .3.2 .

c. -~s s em mmhle  the met a l  de ta i l s  and ad I m e s m s e l ; i \ e i s  f o r  b onding.
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14 1 01. a te  ,i m n m m m i m m m n n m  t i f  t h r e e  t lme r im m o cou pk ’s  aroumid l i i i ’ patch p la t c ’ s t  I hold in place w i t h  n~ lou

0! pOl\ e~t - ‘r ma sking tap e .

I S Renmo ~ e the ’ t , i  pe U’st ’ ut l ’i i r  pro f c’etuv e i mma s k  I mimi .

I n . :~pp Iy ha~~in g n m ; t t e r i a l s  per i n s t r i v t m u m i s  ii i  sect ion ~ . I I

1 7. ( ‘nr c as inst  ruc te d  f o r  t lii ’ p a r t i c u l ar  m a t e r i a l  s~ s tem s  i i i  sc’~ t I On 4 .~ -

I S l)ehag the  , m s s e m m m h I ~ at  ter  t I m e cure cy cle.

W A R N I N G :  WE t R H E A T  I N S U L A T I N G  G LOV E S WH E N
H A N D L I N G h O T  TOOL S OR EQUIPMENT .

— ‘ 
I u )  Inspect the  bonded r epa i r  per m i s t r u c t m o n s  in se c t m omi  1( 1 0 .

20. (‘lean the  , d  Ii~’sm~ e flash , mm 0, 15 per sect ion 7 . I I .  Wipe u i t h i  clean , dry cheesecloth ,

2 1 . Prepar e and app l~ , lL ’nod~ na m ic  sea lant per se~ lio n 4 3 . 6 or t fm ~’ app licab le a ircraf t  1 . 0.

22. \ ppl~ a replacement  l’ini sh per sect ion 4 .3 .~ or the  app licab le a i rcraf t  1 .0.
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7.0 LARGE AREA REPAIRS

7.1 INTRODUCTION

The procedures presented in this section are intended to serv e 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 par t icu la r  aircraft model .

There may he l imitat ions as to the ‘ize or type of repair tha t  can be made by a particular main tenance
facil i ty.  These , to a large ext ent , a re determined by the availabil i ty of equipment  such as surface
preparation tanks . autoclaves . or bonding tools , These l imitat ions primarily apply to operational
bases and are specifically defined by the responsible ALC or other maintenance author i ty .

In general , if ’ large are -a repairs are to he s a t i s fac to r i l y  accomplished , cleaning tanks , corrosion resistant
primer app lication equipment , controlled atmosphere assembly areas , autoc laves for pressure curing.
and trained and certified personnel are considered absolutely essential.

Emphasis should be placed on making the repair in a good workmanship manner , Repair part details
should be pr eassembled prior to bonding to ensure proper fit ,  The bonding tools must be carefully
designed to hold the part in proper contour and prevent slippage or crushing of the details during cure.
Special care must be taken in preparing the metal surface for bonding. The qual i t y  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 at tention to the following items:

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

DO NOT ALLOW CONCENTRATED MIXTURES
OR SOLUTIONS TO COME IN CONTACT WITH
SKIN OR CLOThING. IN CASE OF ACCI-
DENTAL CONTACT , IMMEDIATELY WASH
OFF WITH GENEROUS AMOUNT S OF CLEAN
WATER.

ALWAYS WEAR EYE PROTECTION DEVICES
AND RUBBER GLO VES WHEN HANDLING
ACIDS AND CLEA NING SOLUT iONS .

7.2 DAMAGE EVALUATION

A carefu l assessment of the extent of damage is an important  par t of the repair procedure . First , it
allows a definition of the damage boundary. It is not an uncomm i occurrence to make a repair and
then find that the damage has extended beyond the repaired area. Secondly, the damage evaluat ion
allows an accurate estimate of the repair cost to be used as a basis f or  the repa ir-or-replace decision.

7-1
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Procedures f ’or damage assess mn em i t are covered in section 2.0. Nondestruct ive inspection methods are
covered iii sect ion 10 .0.

7.3 DAMAGE REMOVAL MET H ODS

1’Iuis section describes methods tha t  have been et ’t’ective ly used to remove the damaged bonded
material ,  If the mat erial  is removed properly , the subsequent repair can he made more easily. (‘are
should be taken so as mi n t to extend the damage. Proper tools must  hi’ used to cleanly cut the core.
Some adhes i ves , especial ly those used t’or high t~ mper a(ur e  applications . m ay peel q t m ite easil y.
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 b oundary.

It  is recommended t h a t  paint  strippers not be used unless all adjacent areas tha t  iii gh t become con—
ta r n i r i z ted are ca re t’nilv masked , ce . ,  ad ic ’sive bond l ine s . open core areas . e tc .

Normally adhesives should be left on surfaces tha t  will  he rehonded ii ’ th e original adhesive appears to
he in good com idition amid is f irmly 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 sa~ tI m e a lumi n umii  or
i tan ium materia l ,  Equipment  commonly used includes the hi gh speed router, j i t t e r  or saber saw , or

the slotting saw. I hese are described in section 8.1 .3 .

‘fl’t e hi gh-speed router shown in figure 7 —1 is both com ivenient Hid vu ’rsa i le, The depth of cut can lie
easi l y adj usted. It can be used against a template to define tile cut out l ine .

Typic al router cuts to remove damaged material  are shown in figure 7-2. ‘I’ he cuts in the figure were
made to repair damage to the  edge of an F—S landing gear door. A flush replacement skin scctiom i is
to be i nstalled om i the flat exterior surface , thus a wider cut is made on the inter ior  sur t ’ace to al low
for im i s ta l la t io n ot ’ an inter ior  patch pla te .

The router template is made of either 1/ 8— inch—thick a luminum or plastic. It  is a t tached to time part
surface wi th  double—hacked tape. In making the t emplat e . appropriate allowance s must he made l ’or
the diameter of the cut ter  and time thickness of the guide hushing as shown in f ’igure 7-3. The width
of the step cut f ’or this  par t icu lar  case is the wid th  of’ the temp la te  plus the cut te r  diameter  plus
twice the set-back distance for the guide hushing.

After  rout ing,  the template and double-hacked tape are removed. A beveled edge p u t t y  knife  may be
used to lift  the ed ge of the skin. It may then he gripped w i t h  a pliers or vise grips to peel ( see 0ig, 7-4 ).

WARNING: PULL SLOWLY. BE AWARE OF THE SUI)DEN
RELEASE AT THE END OF THE PULL.
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Fiqur~ / I — Using High Sp~
p !  Routi ~, to R~,,;ove flaiui~qi~d M,i te’r,,~/

~ hem e I t  is mk’ cess .I i  \ to r eimmo ~ e I .lrge sect ion of sk 1mm. .g am m m .1 beveled c’tlge p u t t  k n m l ’e nm cli se
h~t’ use d to s f . m t ’ f  t i e  f , oe sef ’ . !  . i t mo mm . l h m s  is i l h t i s t m . t e d  i i i  f i gu r e  ~~, .  l h e  sk ii  is s Imo ~ Ii I ’e imig peeled
(‘m u m  Uie s t m r f . 1 . -e in I ’, g i m m e  ~~~ II ’ fIm ~’ , mt l l mes ~~e Im . ,s h igh ~~l.’ . I ~t ii . ’ng (h . it  na y be h e lpful  to sl i t  the
sk ii in s t r i p s  w i t h  a s lo t t i m i g  s.i% ~ .I s sI io~ mm mm m I ’

~ ’ ii ’t’ ‘ -
~~~ . I t  mn.i y t h e n  be poss I~l e to  ~~ p and peel the

st r ips  w i t h  . p l me i s , or f l u ’ stofk ’d s. i td i i i i . ~‘. f l  0(k’( m c ’ I - t t p ~’ tool u m. m h ’  ii ~~’ti.

7 .3.2 LISF Oh” DRY I( ’E

Wheim dry l~~’ solid c. r b o m m t i o ~ ide ) m s ~‘p hied to time bonded s k im m surf ’.c c ’, it  (end s to e mmibi  i t t  he the
ad hesi~e and lower i t s  pee l sf i t ’mi him An t ’t ’I ’ ’~’ tmvt ’ p m n1’eLltmm\’ Is to c’O\ em ’ t ime sk i im \\ ( I i  1.’ I l t i i mk s  of t I m e
d iv  ice a m i d  t h e m i  ~-o~ei t i n s  ~ i f l m  an t t m s t m h a t i u i t ’ b h , m n k c t  t om - a f e w  m n i m m n f c s . t 1 s t m a l l y  in o f h e r ~ iso t1 nim ~Ii
adimes i~ e c .i m m ( l ien be peeled qu i t e  easi t~ -

W ARNIN G :  DR\ ’ l( ’ I- SIlOUl I ) lIE I l , ~N l) I  E l )  WI I ’ll IN
S ( I L A I ’ I ” D  GLOVES ..~N l) W l l l l . I ”  WI ’ \R IM ;
s..~l -i i ’~ (;ot ; ;i I S . 1”ROS 1111 I I -  \l ~i Rl ’St ’ t  1
II” I ) R Y (( ‘F (‘O~lFS (N (‘ON E ~~‘1’ WI i ’ll l i i i -
SI~IN OR FYI’S . IN ( ‘A Sl ’ Oh” (‘ON I ~~(

‘ I , 011,
1’ \ lN ~l l ” l ) l ( ’ A L  ~SSlS l ’ , -%.N ’l - I~l~ ( ( ” ( ) l , -~ (‘I t ‘u -

I’RO\ ’Il ) l ” \ ‘I ’N i ’ll ~ l ION l”OR ( ‘ -~R IU . )N DtO\l l ) I -
PER I OC \I S \l ”t ” I ’\ ’ RE Gt I I  -‘ l IONS .
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Figure 7.2, —Router C’uts to Remove Edge Damage on Landinq- Gear Door- Repair Details Also Shown
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___________________ 
Sandwich skin
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Figure 7.3.— Use of High Speed Router to Remove Strip of Sandwich Skin

Skin remova l

Figure 7.4. —Peeling Skin Strip From the Honeycomb Core
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Saw slots

~~~~~~~~~~~ 0 
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‘\ ,,,—Bonded assembl y

Slotting Saw

Honeycorn :::

Tee bar
-t slotted tool Tee Bar Slotted Tool

Stri p Remova f

Figure 7-6.— Honeycomb Panel Skin Cut in Strips to Facilitate Removal

In some cases it may be advantageous to construct a special insulated enciosure 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 gas 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. Carc should be taken
in handling 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 .
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r CO2 uetor t
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Co2

Damaged
part
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Note: CO2 gas must be vented
— per local safety i tiq u ilenm ents

Figure 7-7. — C’02 Retort to Facilitate Skin Removal

7.3.3 REMOVAL OF CORE M A t E R I A L

Removal of l i gi m t  d ensi ty  core may be accomplished using a sharp pocket knife  or p u t t y  k n i t e .  I lit ’
procedure is i l lustra t ed in figur e ‘~-X ,

For the cond iti omi shown in the figure , verti ca l cu ts are m mma de t h rough the core proceedin g al omig time
edge of ’ the routed skin. The knif e is th en slid along the inn er skin stmrt ~mce to make t I me horm iont a l
cut. l’he core is removed down to th e adhesive hond lin e .

in the cast’ of ’ denser core it wil l  he necessary to use machining tet ’hni qmie s . ‘\ core removal operat ion
is shown in figure “~ (~), An abrasive disk is being used with a portabl e high-speed air motor. A valve
st em cutter nm a v also he effectivel y used for this operation .

Following removal oh ’ the core , the adhesive surf ~i~’e m m m a v be smoothed u s im ig a portab le high weed
mimo tor and a sanding disk (see fig. 7— 1 0). (‘are should be taken not t o penetrate  time adhesi ve lay er to
ex pose the base metal , , .\ ft er this smoothing procedure use a v acu t mmm m cleaner to t’h ea mm t ip  th e  sa ti din g
dust and debris. l)ry wipe with clean cheesecloth.
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Figure 7- 10. — Smoothing A dhesive Surface With Abrasive Disk

, 3.4 Rl ’MOV ‘tI  UI” SL~R l” .~ ( I -  (‘ORROSION

I lie e \m ~t t ’m1 ce of ’ cot ~ ‘~ioii  0 m m . i I i \  p ar t  ot ~ t t  l , uce ~ cott ~i d , ’red tI me ~.utne  .i~ p Ii~ ~ic.il d , i t tm . t ~t’ . i tmd

im m iNt  be re t t m ~’~ed t ’t t Im e  p a i t  r ep l .mce d l i i  r ene i . I I , l igh t com m’o ~i uum ott ‘,k in ~, douhIe t ’~ ~~~ ‘~t t t ’f ’e t me t ~ ~. u m m

k’ ie n mo~e~h . i mm d f l i t ’ ~u i t ’.tt ’e m~’t ’i um ~l m e u ,I . \Vhi ~’n t i m e  c o t t o \ I o t t  ht.i ~ , i&l ~ .utt ce tl  to t he •, l , I I ’e of p u t t i n g  .11k1
scale . t Ime p . i i t s  shmot i l d  he re pl a ced.  \\ lie n h , oim e~ c omtth  cot~’ ~ . ul ’t ’ected h~ ot t o’, to t i , i t  loi~e~ t t ~ l mi ’~t em
.t im d appeaI’~ w hi m te or ci e~ in color , I im mm m or t ’ ad ,uiced ~t .i ee~ . i t  bt’co im mt ’~. h i m t t I ’  a iuul t e mm ~ls to f lak e
,u~ .i’~ - ( ‘ore corroded ’ to , m m mv ex t e n t  should he rep laced - 5k m m mi.  having l i ght c-t, ’rm’oi ~l oim may be treat ed
,t~ follow s:

I . Abrade the co rm o dt ’d ‘. t u i t . i c e  ~ u t h  m m v lon ahm ~ -~tv e pads ti m m t m l f l i t ’ ~‘orm’ osmo m m re smul ti e i~ rem mmo vt ’d and
f l i t ’ i .u r l’at ’e polis hed ,

Nt ‘m l - I ~ .\ n a h t i i m u i m m t m n m  ox ide abr a~i~’e wheel may he used prior
to tIm e ahr.i i . i ~ e pads.

~~
. I. ke a v acuum cleaner to remove a lt  ~‘ o l I o \ I o t m  d ust at m d debr is.

-~ - Wipe time abraded area wit  lm clean . dry chme eset ~ot hu ,

7.3.5 RFM OV.& L OF OR G ANI ( ’ SURFAC E FINISH E S

In general , i t  is recommended t h a t  the t m u m i i . h m e \  he r em mm o~ ~‘d ruieci m ani t ’aII y wit  it e~ .ipor.i t m~ e solve mi t s .
St ripp ers art ’ di f ’fit ’ti l t to commt a i n  and can c .must ’ \ e m m u t l l s  da mage if t l ie ~ peiut ’h rate in to  ~‘re\’it’es or
adhesive h o m md hmmmt ’s .

Re mmmo v a l  oh t~o lvt m rt ’t bane coat Immg ~ -

a. Sand the surface wi th  nylon abrasive m at  \l I I  . -\ -  °°i’ ~ or ISO- to ~O O-g m m f a l u m m i mm i umm i
oxide paper. F i mi i ~I t w i t h  35t ) - to 400-grit paper.

7 10
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h. Wi pe d rv wi th  clean chtee ~c~ ft t f ii -

2 . Rei m moval  of o the r  o m g , i n m c  c o . m t m i m g ~

a. \l~ui~t er m clean cimee~ec l ot )m wi t  It ~ohve nt  am i d wipe surf at - c t in t  ml h i i i i ~ l i I\ disso lved.

h. l)r ~ ~t ipe ~ i t i t  c lean c t m t ’ei.t’clof h i .

~.3M Rl -~~lU\ ,-~ L OF MOISTURE

I N i.~h - N I - R - \ l I l  IS R h ( ’~~~lMl N l ) l  I~ I l l  \ l W l l l - R l  M~~ l S I t R l -  1 5 1 ) 1 -  l I - (  l i i i  (\  \ 5

W l ( ’ll  ( ‘t ) M P t ) \ I  N F , l I l t ’  .-~ R l ’ .-~ 1W ( W I - N i  I ) . I \ SPF (  I l l )  l t ) R  t~~R R O S R ) N ,  \ \ l )  RI  P A I R I  (1
In i.t ’umt’ c~m i.t ’~, imowt ’vc r . it ’ i to i m m f e r m m a l  t la m na ge is im mdm ca te d .  I t ’ . ,  if  i t  is mit ~ ii t h at the  m n o m s t u i  e h a s
j u i.t en tered  the  panel , it mn .tv he e tc ,  ted to s i n  p h~ Ii imd t l i t ’ t ’ m m t r. ii m cc point , remove t hi t ’ m mmois t  ure am i d
r est’ah , l I me l’ol1o~ ti me prt ’ce d t u i ~’s .u i c  mn c l t i t l t ’tl to . i c c o i i u p l i s h i  \~ at e l  m e i i i o ~ .il .

Pro cedure ’ No. I

I .  l i i  cat ’ hm ar e.m ~vh c r e  \\ ,t t t ’r is f ’o umm tl . d rill  .i I S t i c l i - d i .u  m ole  iii f l i t ’ h o t t o m i :  s t u i t ,ic. ’ . i t  l l i t ’ lo~ t ’~ l
po in t .  l ) r i l l  a l , S - i n c h m — d i ; m  hole in f l i t ’ t ip p et  su F f i c e  , i t  f l i t ’ opposit e (‘ \ t m e l ne edge of ’ t I me w , m f e i
, m cc mi nm u la t  mOn .i

2. Inst a l l  a hea t nla n ket ~ of ’ s m i i t a h k’ s t / c  an d ~, ic t iu ium hag i i  the  lo~~et’ e\ t i ’em n c t ’iith of f l i t ’ ~v .mtei
a~’cu n mu la t i o i m .ir t ’a , hea t t o I ~~~ + 10° I - t o t  2 or ~ l mo tm r s .

3. (‘os ci th e  opposite I S—i nch— d ma Im o l e ~ i t h t  immai. km ng t . mp e .

4 Apply v .ic uu t n of ’ up to 1 5 om ’ 20 u m m c l i t ’i. o f net  cui ’v -

S Allow pump to operate for approx i : . ite lv 3 to 5 tu m u l t ’s ~ it Ii t Ime  top hole closed - Re m i i t u~ t ’

tape t ’ronm the  top h ol e a n d al l ow a ir  to e i m t t ’r lot’ a p pr o x i m a te ly  3 m inutes , Rep i .m ce t ime  t . mpt ’
to ~‘I05 ,’ off  t im e t i pper imok ’ .

CAUTION : Damage to t Im e (‘ore %\ ih l Occur It ’ f lit’ Upper h ole Is
L e ft Opemi For ~t l ore 1 h ai m 5 ~l inn ft ’s Wi h i  a \‘aeuum
.‘~pp lit ’tl.

n . Repeat i .t eps 3. 4 . and S for approximate ly 2 hours .

Stop lmea t ant i v acuum. Remove hea till s n it ’ I hod antI vacuum hag ,

~~.-\ i .  opt io mms . the t x tr f mmm a y be plat ’t’t I iii .in a t i t om i mat i c a h l y  coi mtr o l l~’t I autoclav e or an . iui - c i r c mml . m t m ng
ov en ,

7 -11
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8, Reinspect. If water is completely remo ved , proceed to next step. If water remains in th e are a
but is less than wh en previous 5 st eps were l ast sta rted , re peat those steps. If no change after
third try , proceed with “Procedure No. 2, ”

9. Seal holes that were drill ed in previous steps. Seal with sealant from section 4.3.6 which lists
mixing and handlin g instructions.

Procedure No. 2

If water cann ot be removed by the fir st procedure then resort to the following as illustrated in
figure 7-1 1.

Cut a hole approximatel y in the center of the affected area , using the followin g hole-size to
water-diameter as a guide :

Water Hole size
accumulation require d

dia (inches) (inches)
- 2.0 0,75

3.0 1.00
4.0 1.50
5.0 1 .75
6.0 2.00

Ill ~o_~w u~uI 1.O in.
View Through Moisture Area ‘~ ‘1 Max

Hole Cut in Lower Skin and Core

Puncturing too l of 0.05 in.
piano wire or s imilar mater ial

Heat b~ nket _)
~~~~~~~~~~~~~~ 

V!~~um bag

Puncturing of Core Cells Vacuum Bag and Heat
Blanket in Position

Figure 7-11. —Procedure for Removal of Moisture From Honeycomb Sandwich Assemblies
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. \ l , i t i t m t . m c m u m t ’ .m p u m m c t t i n m m g  tool 01 So m i i m l  ~~~~~ \~i m c .  01 s t i t i i h . i t  n m .m t t ’i m.t l  ( s c c  f i g  ‘-Il  I

I t +c,i lI ~ ~‘uiit ’t u m e the hi om i e s ~-oi m m t m cot c t e l l  ~ Sills ¼ ott  t ,mm iim ng ~~ .m t t ’i - Pim mi c t  t i l e ’ .1 t f l i t ’ lt ’~% t ’ st p otii t

po~sthle ~t ith io ut . it t~’~- t u m m g  t h i ~ bon d line ,

-t I m t s f .mll flit ’ hme. m t hl amm k~’t .11k1 ~.icumimmm t’.mg t + %  ti flit ’ .mf ft ’c tt ’d .iie.i i.ce set 2 . 1 1  t . I hi t ’ p.ii t ~a tt  .ih so

l’c hme. i t t ’d i i i  .mm i . i i t  c i i  ct ila t im tg o~ en ot .mm i .iut oimm.iti c .itt~ ~ o ; i f i  ~ I~ ’d .iti f~uch.m\s ’.

s ~~ .~ ~. i c u i i t mm oh I ~ t o  20 t i l e  lk ’ s of tmiel t ’l im~ .tiiel l me’.mt to I ‘ ( 10 100 I until .mII flit ’ ~ .mtei t~~

m ci no~ t’d I t m ts  m u i .m s f . ikt ’ t toni 2 to -I b out s .

o , S top hea t .11k1 ~~. i t t l t i i f l .  Rettio~ t
’ hit ’.it so t l i  cc .mm i d . i c tmu t m i  h.mg ,

Rt ’m m isp t ’ct to t im.mkt ’ i . t i i c  .m h l f l i t ’ i.~ . i % e i  hi . i s  h ’ecii R ’itio ~t’d I t  ~ , i t t ’i t~ i t ’ i  .m hh  m e m l m o ~e~l , t e ’pe ’.m t

l’~e~ 
ion s I ~tcps tm m m t ml ~ aIe i  is  rt ’niO~ t’tI.

S Rt’p.mii flit ’ Itok’ ot cor e , i te , i  is  t i e ’Ct ’ss . i i \  pt ’i i t l s t i t i t ’ t t t ’i i s iuicln tled i i i  fli t ’ t.roct’tlii m c st’ ct mo tm I’ t)

t)  Rest’,ml flit ’ edges i f ’ flit ’ p.im i t’I is  th .mni .igt’el pt ’i ifls t i l t t  I ot is  i i i  sect iou 4.3 it  ot tIm e ’ .mp p ltc ~ihl t ’ . i tu ’

t r ,it t I 0 1

“ ,4 REP-UR ~I~~l’FRl U S i t  ECl’lON

R e he r to sect mo n 4.0,

~~ ,5 IN-I’RO ( ’l’SS Qt ’ tI I ll’ tSSL R -%.\( 1-

It  m im u s t  be ~‘m m ip h i i ~ u ‘cd th i .ut p ostucp .i i t  i t i spec t io t i  t i l t ’ t hmo t i s  .tre not s i l l  ic i e u i t  to en sure t l i . i t  .i ~1tm.ili t ’

rt ’p. m i r Ij .is ht ’~’t i  .m~-~’om mm plushe ’tl , I b est ’ l i l t ’ t t m o t t s  tima~ he used to tle’te~
’t gi t uss d ehe ’~’ts , Sti ~’ii p rop t ’i t i es

.is a h m t gh t level of ’ bo n d ~tr e ’mm gt Ii or cii~ mu o nm neu t .m l  tItii’ ab th i t ~ . I to ~ es ci , c .i t i  on !s he co mi t ’m t lt ’mi t  I~
oh t .mi ue’el throu gh ~‘.ti~’t ’iil s tep 1~\ i . t ep pm O t t ’s \ i t l 5 .iuel f l i t ’ list ’ of ’ .mtl et t u . tte  t i m - pt oCt ’55 coimi  i ols . I lit ’

t ’t ml h owumi g is .m guide to i t  l’Fot ’ t ’ss if t m a l m t s  ~‘ouit rol s t ep s  t h a t  should he’ ta k t ’ m m. l hest’ sme p s .iI ’t’ PJ m t i t  11

l . m r I ~ app licab le t o  the ptocc~simm g of ’ ,mltm m im m t iun m .

.5.l (;iNL RU

• (‘om itrol test .ms~emnhlue s lo t  .mhimmnm nuim i  should he .issoC .i le ’el ~s i t i m p t o c cs st i l g  s lc~~s r.ithiet t hi.m n

individual p.m i ts .

• 0 ‘ontro b should be h.i~t’tf + ; i m  f l i t ’ fo llo~ tu g pi t ’ t ’ t’s si t i5  st eps.

.t h a n k  ~‘k’au—li mm e’ process

h. Printer puo ct ’ss

t’, ( ‘li re’ proct ’ss
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1 ank (‘ lea n—I i m m e Process ( ont  rot:

I - Process otme wed ge or peel test a s se i t i  hI s -  wi t i t  t ’,ich ck ’antng load, I ‘ i.e 21 )24— 1 3 clatt or nonch ad
det a i ls . I om a tksc r mpt io ii  of time wedge test prti cet l tire , set ’ sect ion 4 . 4. I , l ’hte wetige test is

pr e ferred f o r  . 00 I ’ curin g epoxy ~tl hit ’si~ es . I lie peel te st , iia ~ he used lo u 3 ~0° I - t’u r m n g
s~ s t t ’mi i s ,  l ilt ’ peel test is ~hes~’riht ’d in M II  — - \— 25 4 i 3.

2. rrt ’pa re and i d e n t t t ,  .1 process ~or t t rol t I~ Li sIte d to acconip anv the  le st  pan el th rough  t l ie test

eva lua t ion .  Inc lud e  th e’ lo l lo~m i m ig  i t i f o rmm iat i om m j ut th i s  form :

• ( ‘k ’ a m t—li ne  load t l a t e  and t u mm i e

• P ri tmuer  a t md a d h e s i v e  lot arid conta iner ’  or rol l v a l i t l ah m o n  t la te

• Primer  and atfhe s i i .  e ap ’ h tc a t iom t  date  am i d t ime applicat ion is completed

• Prin te r  dr\  t u g  iden t i f i c a t i on

• ( ‘li re idt ’ t i t i t i ca t ion

• les t  re sul ts  a nd d i sp o s i t ion  of ’ load

3, I oca te th e’ tes t ass~’nm h lv  de ta i l s  in a centra l  locat ion in the  cIe a t mu m im ~ load w i t h  the t~roduct iot ’i
t Iet :i ils .1 ii.t r i but et i  m ini  forn ihy -

4 . ftc proc :,’ss cot it rol t e s t  detai ls  should :mct ’omp am iv the  product ion parts thro ug h :mll stages of ’ f l i t ’
- surfac e pr ep ara tm o n.

7 ,5 , 2 HAKE OR CURE CYCLE PROCES S CONTROL

I .  ltl t ’nt i t ’y t he temperature and pres sur e char ts  w i th  the assemblies. suba ssembl ies. and I ro t e ss
control  te st t i etai l s proces sed in each p ar t i cular  hake or cure cycle .

4 2. Ver i fy  the accept abil i ty of the  hake or cure cycle.

7.5, 3 EV .-~LUAT I O N OF PROCESS CONTROL RES ULTS

- (‘lean l ine acceptance and rejection criteria :  If any one of the  wedge spec im ’nefls . musin g a standard
2500 F curing adhesive , shows crack growth greater than 0.7S inch , or if the average of’ S
specimens exceeds (1, 25 inch. at ’ter 1 hour exposure to 1 200 I ’/ l  00’~ relative h u m i d i t y  t’oi’idi-
tions , recycle the correspond ing parts and tak e corrective actiom i . Time peel specimens should
show I ( ) OY cohesive t’a ilure to he accepta ble .

Re,j ect the parts and t ak e’ corrective action i t ’ a t i \  of the  new spt’cimeuis fail above (lie l imits ,

2 . Recort l (lie results am i d disposition on th e process control form.

7.14
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I’ :, u 5t ’t I t m i ~’~ n u t  t i i t . , l t l s  i t spt ’ t l t t ’il t t ’ s I i i l s  s Itu t t ihl ~- t t i t t p I ~ ~ i i i  rt ’ q i t i u c t i i t ’ t t t s  bar . id l t t ’sis t ’ I ’ & t t i t het l
s t i t i c t t i r t ’ .1~~ ~~~~~~~ i i i  \ l l l  - ~ ‘ i t  . i i m ~I \ l l l  - \ - ‘

~ ~3 ”  -
-

(~ I’ \i~RI ( ’ t l ’I ()\ 01 1) 1’ I -~lLS

T h l  Si l t - I I \ l l - I U

\\ u ’ t im e  t’\ ccp u t & ’ t i  t h e ’ I t o t i t ’s coin t ’ core , t i m e  t t i e t a l  p . i r t s  s~ ii i  It c I o u t j t t ’t I n sj i t ~’ t o i l \ d T 1 t t . ~ fl ; i l  t n e l : i i
\ \Oi k t i i g  l c c l t f l t t h ( i t ’ ’, Spt ’ci .ii ca r t ’ is u t ’t j i t t r c d i t )  f o l ’ t l 1 i t j ~’ lo o I ’ t . i t n  .ic~cp t . t h l c  “ closer t h . i t i  s t . i t i d . i t t t ’’

t t ’lcr . inc ~’ ’. \ i ’s~ n ic e t t i i i s t I ’d in .idc f o r  t i l t ’ r h t c L n t ’ss of l ’o ndh t t’s s m I t e n  app l i c a b l e ’ .

\\ hm , ’rc the n ie t . i I  d.,’ t . t i i s  a rt ’ t’k ’a itt ’d in t l  ~r i t l t L ’¼I ‘ L i t  not  j t t i t i t e d t . i i ~ ’i ~ ho m . fet h in au asst ’t n l ’ l y _ t1 tt ’~
s l t . i i I  ‘c \\ t , Ii’ ( ’ L ’ t i  :ijid stored is not ed i t i  st’c tt t t t j 1 . ‘.S .
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Figure 7-12 —Ro ro-Peen Being Used to Form Small Sheet Metal Detail
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7.o 2  PROCFSSIN(; OF HONEYCOMB CORE

l ime ’ t ’abr i~’at mo n of h momm e ’vt ’o mi i l ’  core de ta i l s  is a process ( h a t  mnus f  he done care f ’u1h ~’ beca use’ t i f  t h e
t o t e ’s t r a e i t i f v .  I’re’ve ’u i l i m m g  da m mia g e re qum m ’i’.s special com u s idera t i t u n  for hia n ef l i m m g .  pr oc es simm g . an t I umm u s i n g
proper f ahi ’ i t ’at iom i t e d im u m u l t i e s . \ \ ‘ i l l m reaso um ahie  c- a l e . c’oI’e deta i ls  can he for m ed I n l u mm i i l e e l  m’a t h ii  am id
i mm a c i t imme d to close tolei’atit’es. l ime avail abi li ty of e-x pt ’m ie n c c d pe r sonm ie l amid  properl y ni :mm mmtain e ’ e l
eqt i ip mmm e ’u i t  is i nmp or t a n t .  l i m e  l ’o l l owimm g gem mei - aI pro ced u re’s t -oi i ce ’ r mim n g  core l m a m i d l i r m g  amiul slorag e ’

4 sh ould Ix’ rt ’gart it ’el

S I la rme lle tort ’ o m m l v  whie ’m i mmt ’ces sa rv

• 1o n ot I w i s I  or ci ist ort  t ime core wime ’n r e ’ i mm o vi i m g if I ro m mm t Ime s h i ippmmm g cont a iner ,  I f  p o s s i l t l e ’ , sto re’
u m m t i m e ’ ‘‘ :is rt ’t - t ’i vctl ’’ s l i i p p mm ig  com mtaim me r s ,

S t h e  storage’ :mm tl i t l - j ’ m o t t ’ss hold area sl m omile l  he t ree of ’ t ’or m f a m n i i t a t i m i g  age ’ m m f s .

S Ut ’f ou t ’ m i s c, co re’ deta i ls  sho uld be inspected for corro si omi . e’t t ’ h i i t m g .  u t  c u u m t a m i m i m m i m t i o m m .

S All  e q u ip m mie umt  c oi ii immg iii con tac t  w i t h  t io rm ev c on ih core should he fp ’t’e’ oh ’ oils. greases , dir t ,
t a f t ’ . or o ther  c o m m t a m m m i m m a m m t s .

• I’ro te ’cf ivc’—w rap all processed core del at Is t h a  I are I r au ispor l eel o t m i side t lme controlled euv i r onnm en I
area .

• Wear clean wh it e cot t oum gloves wh en I m am md h im i g ck ’aned or surf ace—f r eat eel hm ouevcu ’mh ~‘o re detai ls .

More ’ specific gul ch es e’orlc erning c-o re’ h a n d l i n g .  si mop pm’oce’ss imig, and cust om u purchmas u n g arc u imc lud ed
in l ime ’ l’o l lo wim miz sect ions,

Machining (‘ore I’)eta ils

Sm im all core t f e ’t a i l s  iua\ ’  he mac h ined usin g port a hk ’ ta h l etop routin g eq uipnmen f ,  This e(l uipn m e u mt  ari d
flit ’ ma ch m i m m i ng techniques  are descrih eel i i i  sectiomi (‘u . I . 2 .

I ’ypi cal eq u i p n me r m t  for sur I~m ce—mna c lm im i i n g  large ’ pieces of ’ core is shm o wit  im u f i go mre 7—13 .  ‘l’he machine
shown lmas both longi tudinal  anti cross rail s, It uses a multiple speed (7000. 14 000. and 21 000 rpm) -

precisi on electric motor. ‘I ’his allows the operator to select a range of cut t e r  diamet ers ( 1/ 2  to 3
inches~ wh ile ’ u m i a i n ta i u i i ng  a satisfi u cl ory cut t er  twr i ph m er a 1 speech. Tire feed rat e’ is mainta ined at  So to
200 f e e t  per minu te ’. ‘Fime cut t e’r is f l i t ’ ‘‘valve st e’m mt ” or ‘‘bo loguia slicer ” type shown iii figure ’ 7—14 ,

A va b a  hk a e’ce’ssorv for use wit  Ii f he core—cu t t  lug i mma ci m i tie is the sine or angle plate ’ (00 to 200 a riSk’)
showut ill figure 7 — 1 5. ‘Flit ’ pla t e has a v a cu t mm mm t ’a ’c and is used for n m ach m miin g we’dgt’— s lmap e’d deta ils ,

Several u m et hods have been used for s tab i l iz in g  the t l min  core foils for mi m at ’hin in g ,  An t om i g  Ih i t ’i.e’ h a s
been to t’reezc the cells filled wit Ii wat er ,

7-16

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J



- - ‘----
~~~

--
~~~~~~~~~~~~~~~~~~~~~~~~~ _ - - .

.
- - _ _ - - -_ - - -- -.. --- -.~~

‘~~~~~— ~~
—_--.

-‘I

____ 

,
~ 

_____________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —1
Figure 7. 13. -- Surface Machining Honeycomb core

ti sim ig proper c u t t in g  t e chn i ques, the  core catm he’ sa t i sI ~m cf ori l mnac lm in t ’c I w i t h out h eiim g fi l le d , lilt ’
main problem be’co nle’s el it e’ ot ’ h olt l im ig t I m e  core in pe’~si t ion .  l ’ l mms mu t a ~ he a~’t ’om t i p Im s ime ’tl h~ l ’ o mm ul i mm g
n~’1 o m m cloth to omit ’ hofle y conih sur f ’:m cc . Uhe core’ ca n then be h eh t l 10 t h e ’ m,i~’iii i mt ’ I’ .ise by m ’ac ’tit u m i t ,
‘b ile’ ru e t hoti for bond i rig time ’ do t im I y pi cal Is - uses a l’la t a lumm m i m iut mi p l;i It ’ as a base. l b  is plate ’ shu o u Itl
he a iii in i m im um of (~ iiit ’lie’s larger th an  ti m e ’ co re’ p iece’ to hi t ’ homide ’& h , h ’ ime t m t . i  t e ’u i . t  is .u re ’ st ac ke’tl as

shm o w m i in figur e’ “ — 1 ti f ’oi’ cure , ‘I ’IK ’ e’t fr i i ig proc edure is ti me ’ s , i i i t t ’ as t h i , i t  fo r’ mmormr m , mI  boim el m u g  t’\c ’epf
tim e cu lt ’ I imii t ’ and pressure ’ ( I 0 psi~ is re’t luc e’tl .

Af’ter curim mg . tIme ’ h ag g im i g mat er ia l  is re tm iov e ’eh a nti f l i t ’ core’ is re ady fo r  m u m a c h m i m m u m m g  . ,‘\f ’te r  uimat ’ I m i i i t t m g ,
t h e n v  Ion cloth is peeled front the s m mr l ’ae’e’, l ’ hm ms is madt’ e’asie ’r h~ p laci n g f l i t ’ cole i i i  .i tle ’gre ’as m i mg
Ia u k . mm vho mm ~I&le ’ i mp,  lii soften I lie’ ad hi e’sive’. Pee’1 o f ’l’ t ime ’ n~ Ion clot h . I lie u h ake  I lie cot e  to memo m e’

t ime t i egre’a smng s o h t i t t o u m .

Another nmt ’t hiod of ’ h oldin g li l t ’ t o re is h ’~ u sing a two—st a ge ’ h om m el i r ug  opel- at  mo n. l i i  t I l e ’ t ’, i s d ’ oh
ty pica l t r a i h in g ’ e u lge ’ t ab , Ihi is  is acc oniphisl m e’el by m i ma ki i ig  a f ’ i tst c u m i e  l’~ bo nding ( l i t ’ t t ’t ’t amm g t t l a r  t o m e ’
h kick to orme ’ sk i n , time ’ t’r o mm t spar , a mi d c u d  ribs , ‘ l ’ h m is ass embly is , m f t  , i c h me ’d to  tI m e ’ wo rk beth lot
mu achinim ig by .m cuum c’l iuc ’k lug. I ’l m e ’ end rib s a re’ used .is a fern  ~‘la f t ’ to tape ’r tIm e ’ core’ to p rope’m
t’omit our I f ig .  “ ‘ I ‘ 1.

7 1 1

~1



- ‘ “ ‘ ““  ~~ — - ‘ — - ~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~

Figure 7. 74, As~o’ ti- ’cf cutters for Machining Hone ycomb Core

Hnnes’c’onmh (‘ore’ Fo r nmj nt ~

I l i t ’ best a tm e h u t mos t  m e r~ m I mhe ’ e q tmi p mm me ’ mm t 10 f ’or m n com e ’ de ta i l s  i s  ge’nm e ’ r ’ a l hv of spe cial t ht ’sue it .urmd o tml ~.i~ .u m lahl e  ~m t t ime ’ cort ’ fabrica tor ’s I ’at ’ u i t t t e ’s . b i m m m i t e ’th eou’e’-l’or m tmimm g cam i , hi ow~’vt ’u’ , lie el omm e ’ w i t h  sele cted
-
‘ shi t ’ e t — m m m e l a h — f o r u m m i u m g  um ma e ’lt ine s , h i m ’ OV i tI e ’eh Proper h ir oe’edure ’ s a l t ’ mu sed . I \ ; i u mm l ’ l e ’s of ’ u sable ’ iuu . ie ’ h i i r m e ’s

a u t ’ t ime F a r m m h m a m i m  p v r a m m m m d  u ’o ll 1 1 m g  “-I  ~ ) 01’ I l ie ’ “pimmc h i ” l~’pe ’ p la t e ’ roll  ( f i g .  ~~‘ I ~) )  I i a v i m m g  , u s t i l ’lie ’it ’ r m f
g.m p 0 ope’ m m i u m g )  to re’cem ve I l ie ’ core’ t I m ick  mme ’ss . ,‘~cc’essorie ’s mm e ’e’ele ’d to .i ct ’ o m i m p h i s h m  t I mis  procedur e’ im i t ’ iu ie he
h me ’. i f — t re’ate ’el a l t u u m m i m m t i m i m  s i m et ’t s ( c - a u t h P l a te ’s) : Om i t ’ hteam -~ (0 , O i 3— i m mc hm ’f sh meet lo u  f l i t ’ hOWe ’l’ su r f a ce  .mud
o n e  t h m m m  ( O , 020 ) — im mt ’ hu )  sh ie ’t’I lot ’ f lit ’ t ip h ) e ’m ’ s t t rL t t ’t ’. l ) . i f i t’o.u t 502() is .m I ’ P h i e ’tl to  t Im e core  side ’ of ’ e’a~’ im
a l u i m m i u m u i m m i  shm e ’t’t to a i m  O . 0 2 t ) — i m m c h m  f h i i c k m m e ’ss , I lie l o l l owim u e  is .1 et u d e  for  ~‘om t ’’f ’om- m i i t i i e  I i u m m i t s

(‘ore’ de’n si Is - Rad in s  i m m c l m e ’s 1
Up to 3. I ‘(1 i i u mme ’s t i m ick t e ss

3. ! to ~~ . I 30) tumm i es  f i m i c k m i t ’ss
t t . I l. a  S.l -I t) fimmie s t lm ick t ie ss

l Ime ’ roll f ’o r m m m u m m g  process is ae ’e’ o u i m h i h m s l m e ’tI li v a m m t i m m m h ’ e ’u ’ of f o n t ’ , i ime h a f t  I hat ’k .i i m el  f o u ’ t lm  1 P~t sse ’ s I I m u o u g h i
the rolls. i ) e p l l m Is c i t . iumg t ’d a l t e r  ea ch pass I h i s  u m m u m m m m i m m / t ’s f l i t ’ roll ~ I t ’s s u i t c  , mp p I ie ~h I ’~ l ilt ’ ‘‘to l l ’
or I or u mm i um g roll ,  l ime ’ core el e ’ m m s m I \ anti core t i mi c k mm e ’ss de’te ’rm i m i  mit ’ t ime ’ di t ’ll I h i t -ht . In g e f el l ’ e’a t ’ i m p ’is s .
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Figure ?- 15. —Sine Plate for Making Angle Cuts on Honeycomb Core

Nylon bag film —

Bleeder cloth

PVA-coa t ed f i berg lass cloth

I~J I 1 J 1  11 1 1 I I 1 1 1 I I  I I 1 1  1

Vacuum seal 

Aluminum base plate

Figure 7.16. — Stack ‘Up of Materials to Bond Nylon Stabilizing Cloth on Surface of
Honeycomb Core
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Figure 7.17.— Second Stage Machining of Core

‘i’i lieu .i core’ ele ’f .iII rcj chie~ tim e l im i I of ’ a st r ai g h i I l imit ’ e’h e ’nicn I para h e ’1 to time ’ roll , a p hie ’ u itimm me ’u m eiu i
occurs t h a t  cre a t e ’s a ss- n m c i m ~ t i c  rt ’at ’t i om t caus im ig time ’ t l eta ih to for um i aim e l l ip t ica l  or tlis he’d sh ape . I f
t i m e’ asst’mh ls  h ie ing ri.’pa iretl h a s  a sh allow commipo u mmel c o m i te m ur . I hi s s nc last it ’ read mc iii umi av he’
aelva mt t , iL ’e’ouis ,

Customized Purcim: msing ot’ Hone~’comb Core

P urc l m asi mig hont ’v com mih core was’ provide a ht ’ss t’\pe’nsive’ m mme t hmo d of ’ ol i t a i ni mmg t’inms hmeel  core’ t le’ta i ls ,
l ’he ma n ul ’act tm re’rs of homie vcouiib core have ’ time ’ capa b i l i fv  10 pr oelm mce complex compound con f ou re ’tI

detai ls . When procurem ent t i u m ~e p e rmm i it s  ant I eh e sigm i dra wimigs  or contour l e n m ip l a l e ’s a re av a i l abl e , it is

rt’coni mmien ele t l t h at customized purchasing be consideret l .

7.7 PREF IT OF DETAIL S

Prior to cleau i imi g auiel :mss emnhly fo r  h om t d in m g .  t ime de’t ai l  p ar ts , less t i l e ’ at lh ie ’siv e , sh ould he’ t ir e’asse’i mm hl e ’ti
in time ’ bonding tool to cl m e’c k f ’or pr oper f ’it . ~~-\ t le ’st ’r ip t i omi  ed ’ t Ime ’ ho nt l im i g tool efe s m g t ’u :u m ith list ’ is given

in sec.

lmms h i e ’t’t i O mi of ’ f lit ’ t l eta i l  p arts  prior to ho n it hi mig is sh own in t’igure 7—20 . .-\I1 surfa c e ’s sh ioti M he t’lie ck e ’el
fo r. mmm .i f ing  to le ’ranc es . I lammd i imade d e l ; mrhs  s lmoult h be iuis p e’t’t ee l ami d he free’ of ’ cracks , tl e’m its , c a n s , h u m u s ,

720
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L
tir el immmp le ’s .-~ns tml meve ’n sur face ’ shmo u lth m it i t t’\ct ’e’dl 0,003 mmmcii ,  m m m c lu i thuu m g h u u i m s  I )e ’t . i m l s  10 l’e’ h ici mm cleel

sh mt i t i l t i not be’ of s te ’e’l st aii m pe’th b r  m d e’m i t i f s  -

Siu e ’e’t mii e ’I . ii &le ’f . i i ls  sl m o ti lcl  im m ate ’ to t i m e ’ .i e h j o i n m i i g  s t u t I a t ’e’ u stu ig a lig h t pr essum ’e’ u I to ~ p s i)  I - x t m u e l e ’eh
cm i’ i mi acl m i mie ’tl spar t - l tou ~Is , t ’i t t i m i gs . amid or e’losuuc s ~lmoui t l n m a t t ’h m lIm e pa il ~o m m f o t i r  ~t hie ’ mm “ psi p i t ’ ssutt ’

is appl ied , l i l t ’ m m m a x i i m m u u m m  e. mp siie i t i i t l no f e’ \e ’e’e’tl 0, 1105 m u m ti m ,

Detail  h a l t s  t hi . m t do not f i t  pm~mpe’rly uut u s l be re’worke’cl or mt ’ f . m l ’ i m t ’ .ile ’cf p r ton  te l  .msse ’ im m h ’ ls  -

Vt’r if ’kati oum Fib it aimel Its Applieatio ii

lii  soimme ’ t - .mse s , t’sh l et ’ iahh ~ wlie ’ mm t h ick pie’c’e’s are’ he’m r i g h on mtl t ’u h or ~i l ien e m u u , u i o m  si /c  r ep ai r s  .m re ’ bei ng
rmmael e , it n u mav he’ t l i t ’I ’It ’ t i i t  t e l  eit ’t e ’ r u mi m mm e ’ if ’ mi me h t mi i dium g s l i n l . i t t ’ s .11*.’ r m m a t m m m g  ~ u t h i  p l c r f k ’ i l i t  l r m t l te ’se’

i mmsl . i im t ’e’s, f l i t ’ lis t ’ e l f  ~t’u’ i l i ~’a l i t i l m  f i h i m m  t t -~’ r i I ’i h u m i )  is i i t ’ e t ’ ss . i t \  - I lie ’ te~’ imui iu I uu ’ t m ~ oh~cs umm . i kmm mg .1 i 1m~
.

cur e’ w i t h  the . i e h l m e’s t \ t ’ f ’il mmm s~r u mdw i chie ’eh l i e lwee ’ mm t \ t e u  t h m m m m  l.i~ e’ is  of m e ’k’ .ise ’ I m h u i m  ~ f t e ’ m e w e  t h ~’
asse’ mmmbl ~ us Iake’n apar t au mt l l im e’ I ’i lu m m e’ x .mum i mm i e ’d f o r  t o o — I l i u m  on too  t h ick , m m c , m s  I h i s  , i l h t ’ % l s dl~~~m c p . m i t

dies to he’ t -orr et ’te ’ef be fore ’ t h e ’ cu re ’, I l ie ’ i e’n i l m h m m u  c .ir m lie re ’ f j l m m e ’d .15 J b i e ’ m i n r . i I l e ’ u m t  t t e  Ot t 1 e l f  t i m e  m u m . i t m m m ~’
surf ace’ f r t .

Dapco at 5020 

Uppe r fr ame

app lied to the
sheet metal /
surf ace 7,? Plastic-coated

~~~~~~~~~~~ 

cau l plate

Core detail. .
Plast c-coa ted
caul plate

Form rol l ‘ • ° •
Adjustable
roll guide

Lower frame

Figure 7.18. — Farnham Roll Being Used to Form Honeycomb Core
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Smat io r iary
I - oi l

I Plastic-coat ed

,

/
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_‘ 

cau l shee t

Core deta i l

— Plastic-coated caul shee t

Gap tol l

Form roll

Figure 7- 19, —Pyramid- Type Pinch Roll Used to For iti Hone ycomb Core
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Figure 7- 20, — - Pref,’t It ’spection F or to Bo, idu,q
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l hme ~ ve ’ri f ’i c a f m o m m t ’i lu mm um ma y he mi mat l e’ up c m l one li ly ol (( I  mmm ul  c l u a f i f i e ’ti shop , i di t cs t s  e’ s aumefwrc ’tmed
Iie ’ I w e ’e’m m two  h ; i~ en ’s cml I —  cmi I — I  / 2 — u m m i l  um is ia r . p o i \ s  i u m vl  t ’luom’ide Im\ ’F ) f ’i ln m m or ummo eh i f ’me c h ha l oh i ehm ’ o—
c a n h i o i m  po ly mimer I’i l nm m . l Ime re’k’ase’ t’ ili m i should he’ wide e’m m o ughi im ot to i u m h m i l i i t  t Ime  f ’ree’ flow of lIme ’
a dh m e’sj ve’, Prope m’ lavup  of ’ tl mt ’ vedf ’i lnt m l a rm min im t e  is im por tant .  All  a i r  us to he’ i’e’unmove ’ eh f ’rom mm h i e t we ’e’u m
t ime ’ , ieI it ~’sive .mim t l  l h t e  re’k’ase’ t’ihmi m.

l i m e’ u s c  of h . m m m r m n m a f i m m g  rol l s to pro d u ce time ’ l ’ i l nmm is pre l ’ei’red. l ’ Imis ahl e iw s t im e ’ re’le’ase I’m l m m m  to i m ee f  t h e
atl It t ’si~c m m a nmi ovimm g h ium e ’ com mt ac ’t amid n m i u m m l m m u / t ’ a ir en m l rapm m me ’ iml ,

Whm ~’ mm I.uith t ip h i s ha itI . t ime ’ release’ f ’i l m mi is app lie ’tf Ic i f l i t ’ adhe sive i i i  a s” t’t ’ f i i mi g  u i m o t m o m m .  s t a r t i n g  i t  t i m e ’

e’t ’ mmtt ’r eif li mit ’ e mm d and s~\ cc f 1t rig I lmt ’ h m a m mel s  out a h te ’i’ ii.m I e ’I\ to each ed ge ( f i g  ~- 2 1 ) ,

7.$ SLIRF .% (i -  PREPAR A TION FOR BONI)IN C

l’re’pa rat i c m i m of t l t ~’ um me ’ta l s u mr f ’ace’ f ’eii ’ ho m mehin m g is l i m it ’ 01’ time ’ ci’i f i c ah  ope’r a t io m is  i i i  t m hL mi nm m mg a hi t i mit l t h a I
i s st r d mmmg amid durable ’, S u um ’ f ’ace’ hir e’par ~m t ion n m ie ’ t h m oehs  are ’ ele ’st ’ri h i t’t l u mm st ’cf i l i u m ~ .11. Spct ’r. m l  cart ’ m uus f
im e’ t ak t ’,m to pr est ’n m t t Ire ’ c’Ie ’~u l1if l i ~ s .a lu i l i t m ns  ru ) f l )  i’i) l) 1ae ’ f i j ) t ~ st um’ r o i i imel imm ~z s i u i l , i t t ’s. e’spt ’cia l lv  l ime ’

- ; s i i n f  a t e  of h ug h st re’n gt lm steel , or f ’ro um i e’u m t t ’r m n m g et c ’ ices .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Adhesi: f~: 

fi lm

Figure 7.2~. — Direction of Sweeping Air Prop, Re/ease Film
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1) t i ri m m g time sur f ’ace prepa ratio n procedure’. give special a t f e m i t m o m i  to the ’ t ’e m hlo w i m mg i t t ’mn s:

WARN I NG:  OBSERV E ALL LOC AL SAFETY PRECAUTIONS
,&Nt ) THOSE I )ES IG N AT EI ) IN SECTION 1.3 .

1)0 NOT .\LLO W (‘ONCENTRATI I) ‘ l I x I t R I S
OR SOLUTIO NS TO COM E IN (‘ONT. &(’T W ITH
SKIN OR CLOTHING. I N (‘.‘~SF OF AC(’I-
IW N 1’ .-~L CONTA(’T . IS1MI”I ) I . -~TF L\ ’ %% ‘ tShl
OFF WITH Gl N I - R0t S WlO ( ’Ni’S OF ( 1  1 -~N

~% . ~TF R .

AL W -~YS W I -  ~K EYE P ROFI - (T IO N Ill - V 1( 1- S
-~NI) RUBB E R (;I.ovFs ~s i l l - N  H \ N l ) t  i \ ( ;
ACII)S -tNI ) 501 ( lION S

(‘ .%,(,JTION : 1)0 N ( ) l  Allow the Surface Prepar ation Solutions
l’cu ( ‘nim ta ct t ine Pie, ioiusI ~ ( ‘mired ‘~dhesis t’.

Once the (‘leaning Prot’t’tlure Start s, 1)0 No I
TOU(’H %S j i b  Bare’ Hau m ds or ( ‘om ilam inate ~suis

Surt a t’e To Be’ Filled , (‘na ted . or Bonded.

I the Repair I s No t (‘onliu mu t ’d Withi n 2 Hours
I’l ) lir ) Wint ~ (‘leaning, time Cleaned Areas Sh all Be
(‘ot ered L ’ siii~ (‘lean K r a ft Pap er.

( leani White  Coitoii E.int less Gloves Shall Be
%%‘ orum Wh en ilauidlintt the .-~dhcsive Or
(‘leaned l)elails ,

“ ,“) AP Pt .l( ’ ~lION OF BONI)ING M ,-S~T E R IA LS

[‘or inistructiom is regartlim ig a p p i u c a l m o m i  of l ’r o um d in i g n m ia fe ’r uals . r t ’f ’em 1c m se,’ e t  IC  ‘ i i  —I ( I ,

7,10 ASSEMBL Y OF COMPONF NTS FOR C U R E

The approac h es describe d here for as s e m m i h i humm g of t he’ p.mrt being rt’paurt’ch nma ~ h~’ .up pl i t ’ti te l e’i I ht e ’r
large area repairs d r  time small re’pai rs ele’scrihied in se’c t mo n  u t )

in assenih il ing tIm e part for cure’. prope’r Iooh im ig or support I i  x l  t ire ’s art ’ .u m m i im m pe r r t ar m I e’c m i msmel e’ra t m e~u m ,
Th ese are reel uire’el to m a in ta in  proper contour of ’ t ime p:m rf th irim ig ~‘u re’ , to k e’e’p t i l e ’ d~’t , ii Is fro umi
shi l ’f ing  position , and to react time ’ bonding pressure. h i is war ui e’d t t i a t  pr em pe ’r supp ort tot )lmm ig u s

especially imp ortamit  in t h e  bon d iu ig of we’dge’’shiaped se’d t u o m m c ( i .e. .  t r a i h iu m g edges t o ke’e’I~ lime ’ pa r l
from collapsing f’rom the imori io m ii ah comim p t it i en i of the pre’ssurt’. A m i l lus t ra t i o um of t h u s  proh le’um i us
shown in figure ~-2 . .  ‘I’he design anti tu st’ of ’ h so m m e i in g tools us c’o~’e’re’ei in s ec h i om i n o
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Figure 7-22, - Wedge-Shaped Panel That co/lapsed in Autoclave Due to Inadequate Tooling Support

,\ t i  ~~t t t i ~ t i e ’ of t i m e ’ , ie h l l e ’S iVe ’ l av i u p  ,und ,t~s~’ immhls  of ’ f i le ’ de ’ t ; u t h s  l ’or cu tr e is .u s le m h i e m s v s

- \‘.s~’t i ih le ’ a l l  d e t a i l s  t i m  Ofl e’ hoe ’a l i o tm , l i u t s  s i t c i u u l d  be’ i ii  a e’he ’a i l  e’ont m ’ oi i e’el ~irca i’Oe iil l per  \l II —

~~~~ ‘s~ ec i ;ul1\ e’ o r m s t r t i c t e ’ni f o r  f l i t ’ app l i c~m f m n i t m  of adh e s ive ’s ami d d e t a i l  ha y -up ,

2 R e ’ t m m o ~~ ’ t ime  a ch i me ’s iv e ’ f ’re iiu low te ’tmm l i e ’ra itu re storage ’, Re’corcl t he ’ t t f l l e ’ removal .  -\ i t oss t i m ~
,it i l t c s i \ t ’ to re’, ut ’i t lo Om l e ’ni pt’r a t eu t ’ e’ be fore ’ u t m m s t ’ , t h m u c  t i l e ’ m at ’k , i g t u m g .  I hi s  t ’e i ’~e l i l u n m t m u t i g  t ’ I i i ri t l l . l t t ’ s

l I r e’ co nm dt ’, m s , i t i o t m  01 t i t o i s t t u r e  on t o  t i l e ’ f i l m .  )~~t ’ sur e l ll t ~ pr oper aeihe ’si v e ’ is st’le ’t ’l t ’tl ,

(‘ -~ L 1 l I O N :  h and le’ time -~dlme ’si~ e and ( ‘le:uneel (‘ore I )e’iails ~\ i t h
(‘lean Liim t  free W b it t ’ Gho~ c’s Omils , I lane l le’ th e
(‘ Ie ’aume’d ~Ie ’ f :ml l) etails lh- fI lL ’ l-dges. 1)0 NOl ’
r ( mU t ’Iu t he ( ‘le ’ammt’d hiouitl Su ,r l ’ac ’es . ( ‘on lain iu m ;u t ed
Surl ~t e’t’s ~lust Be Rt ’t’lt ’aum eel Prior to Boneli n tt .

1 2~
-
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3. When the adhesive has stabilized at room temp er ature . remove the wrappin g and place the roll
in a roll rack or on a cuttin g table. Roll out enough material to cover the fayin g surfaces.

NOTE: Observ e which detail faying surface is best to receive
the adhesive application. Use those surfaces and details
as cutting templates for the adhesive film.

After the adhesive has been cut and ready for assembly, repackage the adhesive roll , seal the
package to el iminate air , and return to low temperature storage. Record the total out time and
subtract from the adhesive life.

4. Use a similar handlin g procedure for the core-splice adhesive. Cut the foam adhesive 1/8 inch
wider than the core thickness to be spliced. Use a straight edge to hold down the adhesive and
to guide the cut. Cut enough strips to cover the exposed core edge.

5. After the details are positioned against the tape , press the 1/8 inch of extra foam down into the
core-splice gap unti l it is flush with the core surface. Take care so that the adhesive foam does
not “roll down ” into the splice gap as the details are slid into place. I f this occurs . fill the gap
with additional adhesive. Also be sure t hat this excess adhesive has not pr evented the details
from seating properly.

6. After positionin g each detail , inspect for improper fit and surface height. These are common
causes of bond lir i e voids and porosity (see fig, 7-23).

Skin patch

Vo id 

: 

~/~/ 

~~

/

“

~~~

•

~~ 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~

_  L ’ : : : :: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 7-23. — Voids Under Metal Patch P/ate Due To Improper Fit of Details

7. Complete the assembly by adding the appropriate layers of film adhesive and metal  details ,
Secure in place with nylon film tape.

8. Install sufficient thermocouple wires to enable adequate monitoring of the assenihly ’s cure
temperature. Secure in place with nylon film tape similar to above. - -

9. Complete the bag~ ng procedure as described in section 7 . 1 1,
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~‘. I  I \ ‘ -~C Ut ’ M B, -~G( ; lN( . I ’F (’ HN I QUES IN P R F P -~R - ~TION FOR ‘rHE ( CR 1-  CY( ’L L’

‘‘B , t e ! t t l e  is ~t a tm cl i r cI t t ’ r u m m i r i c i i o g \  i e ’ l , ’ r r u u i  t Im t h t e ’ ‘-.L ’ . i f u r ’ mg & m l ’ t i m e ’ r~’pamr ed , t re ’ .u ~~ t’tm capsc ul . u t m r mg ~t in
.111 i u u m p e ’r\ t I lC u s p la s t ic  l ’i l n m , ( ‘ c m mi so h ie l .u t iomi  prt ’ s s tuu e ’ t u i av  t l m e r n  be’ e f ’f ’e c tmve lv  appl ied f e m  f l i t ’ , isse ’ t i i l i h v

ei t  iue r  by ~m t r h h i i u g  .r . m c u u t u m f l  on t I r e  sealed area or hi~ pressurizing t ime ’ part in a rm . m u t o c i a ’  e’ arid \ e’ t l t  r u g
tIme ’ se alt ’tt ,i rea tcm the  t~x t t’rm ma I a t  uml e i sph e’re , I ou t i m e ’ .t e ’u u mm i cu r t ’ . im t ’a I i t ’ng um m a v  tic ob t a t  ned w u t i t
lme ’a l t ume I m l .mum kt ’Is or by p l a e u t u ’ f l i t ’ asse ’ u m m l ’ l ~ t u i  an n m\ e’il i i i  t i m e ’ ea st’ of t i m e ’ a u r t c m t ’ki~’t’. i i e a t t t i g  us
i i m te ’mzr a l ~ i t  Ii th ~’ s~ s te ’n m .

\\ lmt ’re’ f l u e e’qcu i p u m m e ’m i l is  .i~ ~ui i ~ibhe ,  t l i t ’ ~u c m t e m c l a ~ e cur e’ is re’coim iummc ’uitled , I he’ lu i gheu ’ .t’ ~u t l a l ’ i e ’ p r e ’ ssu tre ’ s

mi t mtmm i t m ,ui i~ prc m~ ide ’ a sup erior qualit y l” c ’m mmthhm m me ’ Im rt’sstures embt :um ti eel by time .ie’li l t t l  :~ t e ’ t l m t i t l  are ’ in t i r e ’
ram m g e ’ of ~ um I 2 ps ~~s a c d m m m i p . u i t s c m u . lmemnt ’~- c o m m m b  asse ’ u m m b l u t ’s ar e ’ f~ pi e ’ali ~c c-t i red at  ~~ p’~u i i i  aim a u t o —
cl.u ~ e’ . [a t m m i r m a t e ’s r tm a ~ bt ’ ctur et i  ,it u mm c ic lm h i gh mt ’ r pre ’ssuu re s . I hi s vari es t l epe t m t l t r i e  t u p t m t l  t ime ’  p a r t i c u l a r
.it hhl t ’s i \ t ’ s ’. sI e ’ umi ami d t I l t ’ p ar t  tlt ’su gt m -

\V i mer ~’ a i m , u t u t t m c l j v e  is t t o t  a~ , u i h a h I e ,  .u s~u l i s t a t ’lo r~ bon d c , l t l  i i s t i . u I l \  li t’ t i l . i c l e ’ l u s i i i t ~ .1 \ . u c l t t u u m t  P i l l —
c- e’e i tmre . Sor r u t ’ a~h ) m t ’si~ d ’s dci not  gi~ e sa t st ac -tor y  r e su l t s  ~c m t l i  a r c t he u c ’ t’eh pre ssure c- cure ’ - I ( ‘c r 1  , t n m  lire -’
ca t i t r o r t s  t le’t’th te m li t’ t ak e ’m i . hm0 ~l t ’\t ’r , l I me ’ nl e ’ I . m i h  par is  slmo t i lc i  l i t  we ’l l , ,.\i so , f l i t ’ le ’rielt ’ i mc ’~ of t i m e ’

.it ’L uu t i i  t e l l a te ra l l y  timo ~ e’ t lie h o u m eve om i m Ii ~‘e’Il wal ls  m ut u s t  lit ’ r e c c mgtmm , t ’d. 1mm ge’ t i e ’ r ;u I , t ime ’ Fol h m w i t m g
rule ’s ~m h i l i l \

• L I \ l l r  Fi l l :  \‘ \( ‘I.. t. \I Im R l’SSI R I -  ON I’AR I I . \ I I  V R A U G I  I )  l R ) N I - ~~’CO\hi ~ ( ‘O\IPO\I -  ~ I S
OR UN .-\SSl~\ I B L l l I S  ~h A V l N , ;  l . R ; I l  F CU R t ’  - \N l )  S K I N S  l’O S I (~ Q l > S I .

A f u l l  % ; i c t u t u t i i  ~~~ li e’ list ’el l’e r  e’t i ve’lope t i e  .. l’erl l  h .ug ge asst ’ u m m b i i e ’s t h at ha~ e’ t l t i c k  s L u t i s  , u u l c i

h i e.u ~ \ e h e ’ t l s t l \  core.

• Wl m e rm t ime  u sst ’ n m m b h v  is  tø he’ t’l ’t urm ei e r  v a c u i u m i m  l’or an e ’\ le ’nt lc t t  period of t i m m i e ’ .  or e ’ x a i m m p le’
t iVe’f r i i e l t u  . re’elu e’e’ t i me pressu re’ I t )  ~‘ t O Ii psi.

• Wh en vac cru t u l m is applie d to am i :t sse mnb l y to lie ccu re ’ti itm a u t t m ci , u ~ t’ . a’ the ’  au toc ia ’  e p r e s s u r e ’ u s

raised t e l  S’ to  i t )  psi , release’ l im e ’ % a e ’ t u l r t ) i  c m ii  t i me a ss eum ib lr  h~ e ’ um t uu ig  i f  to t i~e cx tt’ruor .1 t tmiem sp lier t ’.

1 h ere are several approa c-he’s I h a t  n mi av he I aLt ’n to bag I lie par t .  I I t I l e’ a rea bei n g r epair ed u s s t u m a II

amid ti me part qu i te  large. it  umm av he easiest to se’ ,t I on ly  t h e  area arou n d I Ime r epa i r .  In of h e r  m t i s t a i i c e ’s

i t  n u i av be’ u t ee ’c’ss ;u rv to em i~-ehope’ bag t ime ’ err t i r e ’ part .  I h i s  n mma or m a y  not  he doui e in o n m j u m m c t  ion
wi t  hi a bonding tool.  :~pproat’hie ’s to t I m e ’ b aggi n g process are ele’sc ribe ’d m m  p a r ag rap im s  f ’ollo ’sc l u g  a

tl t’scri pt ion of ’ n onmt ’u ic la t cure .  l ilt ’ following t e ’ r t t m t u i o k m g v  us generic te l t ime ’ bond cure’ p roce ’ss ar m e l wil l

be’ l t s e ’ ei in t ime scl b se ( lt t e ’t i t  t hise ’~issiOui.

Bag gi t ie . l ime ’ app h i c a t i omi  of a s p e c i f i c  group of n iafer i a ls  necessary to seal o f f  a rep air  area -

from aum i b iemi t  emi v i ron u miemi t -  l’ im is  proce’elt t re is e sseu it ial ‘ 0 ob ta i n a b om mei i r ig
pressure. I ’ I mis  is ac h ieved by draw ing a v.ue ’t l tuun or f i r e ’ss t m r i t i t m u ~ f l i t ’  asse ’ iumhl ~ mum a rm
autoc ’ l , u v t ’.

Ba ggi mm g t ’il u m m .  \ t m  im m ipe nv ie m l i s  pl a stic fih u m i o e’ . g . .  m m y l o ui . P\ ’( ’. My l ar. P\ ’t” . etc .  I t lma l cc ’\ er s t ime
re’t iai r e ’el .mr e ’- i or cou m m p ht ’te l y e’nvehope ’s time ’ e’n t i re’ :m sst ’fli l i ly ,  I t  is  t i s u t , i l  i~ , to 4
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niils in thickness and Is discarded after  each cure cycle hiecaus e time p las t i cm ie rs
in the filni art’ affected by heat ,  cau . i s rm m g crac k iumg :u r1c ~ leaks .

Bleeder cloth: A porous cloth used to allow passage ot air  or g.u~es a nd II ) absorb ex ct ’ss adhesive
tias im. Air and gases flow over or aroumid t i l t ’ asse mbly or repair t (m any prov iche’el
ou tlet , such as vacuuu ii probes or v a c u u m  bay on ets , wt m u c ~. may he ope n to the
at mosphere as used in autocla ve curing ) .

Bond assemt ilv jig : t i tu s is time tooling used to su pport the de ta i l  part s in proper contour  d uu r imig  tile
houid i ng process. (‘ot nn m mo nl v termed “BAJ . ”

Bridging: A condition in which bagging materials , b leeder cloths , or plastic films are un-
su ppo r ted beca use of ’ fit , gaps , or spaces. Th ese areas shou ld he pl ugged , filled.
or covered wi th  sheet metal.  a l umiu ium tape. or cacti plates to el ini inat e  any
possible situation in ~c hich a ‘‘hag break ” might  occur.

Caul plate: A support plate t a t  is used to distr ibute pressure. It may he used over a th in
sk in that otherwise might dimple into t h e  core cells. It may he used to bridge
over an area where pressure is not desired. It may also he used wit h the assembly
tool to fIx the part details imi place.

Fairing: The niatchin g of tool and part to e l imina te  misalignment tha t  can cause cracks .
gaps , or openings instead of a smooth trans i t ion from one surface to another.
Each layer or p ly of release f i lm , bleeder cloth, plasti c I’ilm. etc.. should he rolled
or stretched to a flat , smooth sur face,

Extrusions . prot rus ions . or f i t t ings  sh ould he protected by fair ing bars, metal
blocks, or channel filler bars . End closure ribs should contain t’iller blocks of the
same configuration to reduce pressure and to create a smooth transit ion to the
tool surface (see see , 9 .0).

Hard tooling: Well-built toolin g made for continuous use and high prod cmctio n .

Release film: Thin films produced from nonstick materia ls, such as FEP. teflon , modified
halohydrocarbons . PVF . etc. They are interleaved between any adhesiv e film.
resin , potting compounds . or sealant and a surface not intended to he bonded.

Soft tooling: I nexpensive , short life too ls that  wi ll maintain contour I’or a limited number of
cycles.

Vacuum probes~ A probe that provides air passa ge throu gh the bagging film. It provides a hose
connection for the vacuum lin e. A number of probe designs exist an d ! are com-
mercially available (see sec. 8 .~ ). Normally the probe base is under the hag film
and a rubber or silicone disc on the exterior surface acts as a seal (see t ’ig. 7-24) .

A bayonet-type probe is made of copper tubing, fitting , and bleeder cloth which
extends under the bagging material ( 11g. 7-25) .

7.28
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Figure 7.24. — Types of Flat Vacuum Probes

\ .u e ’ u u m m m  se ’ .ul pu r l  t \  : -\ se’ l m u i ’ c ’ur eu p last I c ’ n m’ a te ’ria i I m a v mni g  I ,uc ’Lt n ie”-.s l’or hol d in g ~utiel s~’. uliu ’ug t h e ’ h~u~ ’ uuu ~
t ’iit uu ei u u rrum ~ ti me ’ e’tl rt’ c’V e’le ’, l ’ lmi ~ us t ime ’ se’, ui im mg nmm et l ’i um mm he’t ~\ c’e’il t i m e ’  tm ~ 10mm bag
h I n t .111t h t im e ’ te ioh h i ~~’

.I 1 .1 \‘ACL’t’~ l B. -~G (; tNG SE-QC [~~(’F

l ’hiL ’ hag~iimg se’q u e ’um ce b egins ai ’ter I lie repair  ~l e ’ t .u th s  i mav e ’ been ,iss~’ umu Ish e ’d a im d f ’ix e’~t iu i pe m su t i o mi  an~l the
t hm e ’ru m ioe t i up le ’ s h ave .ils~ he’eu i a l t  .it ’hle ’tt lii pI.t ce ’ . If e’t m u i c  t ’ t t i e ’t l  1. t ime ’ e’ ou i m p omm c ’n i t i l~.uv be post t iou t ’tl on
,u t ab le  for e.us \ ace’c’’- R e t u m o c  e’ nma t e ’rials t h a t  l n . u ’, ~‘ m ct ’tl app l ied tt ’nm porarnl)’ to pre vent  e’orrc ~s u c ’u i or

c’c m m i t a n i i n a t i o m m .  Reche ck the v i sib le r epair  d eta i l s  for proper t ’it amid hoca t i o r .

Pt i s i t ioi m an id pin t ime ’ ( a i r ing  bars in pl ace ’. Secure’ ~c it h nm v le ’m nm p las t i c’ f’i hnim t ape ’. -
~ pp hy t ’ ’m l t !e’d

p i t ’e’e’s of ’ hhe ’e’de’r clot h ove’r ; u u u \  sharp corn ers or e’tlges t e ~ prevt’ui t cu t t i n g  or br e ak ing t i l e ’ u iv io t i
hag ii hu mm.

Procee d wi t  ii t ime ’ ku g g inm g ope ra l ion .us dId ’sct tbe ’eI iii l ilt ’ t c m l l c m~ tu g s t  e’ps . \~~‘rc ’ss-se~’1 mc i i i  of ’ a s u u u a h l
r ep a ir bagged for cure ’ us ih l t mst  u. u It ’d i mm l’ig tm re’ — Ii , I ig u ur e ‘ — i l l tu s t  ra te ’s a c’em i u pt m ui t ’ui t be u m mg I \ u uzg e ’el

i i i  .t b m ntt l  ,iss~’n mmi’ m lv li e ( HA J . Purt ’lm a se ’ dcst ’t ’u h i f  uc m n s fo r  eq u i p u m m e ’ m i t  ire ’ - clu el e’d iii se’t’t ut m ul  S o .
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Fiqure 1-25 - B,?ycnl(’( Type ’ V,nc ’uin ,m Pm/me Used in 8ond A ssrnib/y

i . \ p p i~ ic ’ lt ’.ust ’ h ’n h m u u o lc ’r f lu ’ ,u ie.n whuc ’m ’ c’ I ! ic ’ ; u c i i ic ’ su ~ c ’ f I;usiu c m l -  bh c ’e c l - o u u l  u u i , u \  o t l m c ’r ~ st m c m u u n , i ~ I
f lit ’ t h m c - u  lm : ig ~’ i nr , ’, i r u . n f e ’,’m , u l s  l~ t ’lc’ : u s m ’ l i l m i m  i i i , u f t ’ u  i t s  . i n i ’ hn s l e ’ cl nut  f ab l e ’ . l— ~ .

‘ . I l  . i  lu ~ ’ a f m u u u ’  l ’ i , i u i k e ’l is to  t i c ’ u se - ct , . i l l l m i \  a h ; i \ c i  ot  l’\ ( c ’t H I  ~c ’ .u f t ’c l l i l ’ c ’ u m ’ l .iss i t i f l u  d m \ t ’u f l u e
h u m  1 c m  i t t  us a sc ’ l m .u r a l c m n  to m u c m t e ’ t ’ l  f l it ’ t m ’ie a\d ’ f i l m  inch 1 c m  ruve ’ f l h c t m i c ’ ~m i m i i o u u m m  l I e u )

c h m s t m i i m u , h m o n m .  I u l c ,’i~h u h c , u t u c m t m  c m l  l h u t ~ t u i ’ c ’ i m ~ l . i ~~s t i c m f i u  us  u i v e ’n m m m  f a b le  -I - ~ I I  . i u u c m t h m t ’t u i i t ’ I l t c ’ c h
c m l  l u t ’; u f t u u m ’  is 1 c m  I m e in se ct . t m t c m ~- t ’e’ci wm t h i  ste p ‘I .

“ . t t t ’l ’o nc ’ u i u s t a l h m m m c  f l i t ’ he’.u u i m m g  t m l : u t m k , ’t , e’ l t e ’ e k  i f f c m m  im n ’o ke ’ nm k ’adhs om b i n m n m e ’c h h u t s  I t  t us .i~~’c ’ p t . u h h ~’.
l m c m s m f  l c l i i  i f  cml  c i  f l i t ’ l’~’( - I ’m l m e ’ m c i , u s s  e l - i l l1 ) . Sc ’ c ’i ll ’ e’ i m c m f t i  l i i i ’ l ’ i l l c ’i , ‘ i , i s s  e i c m t  ii a t mc h  bt ~~n ml- , e ’f m m  l~h u ~’e
c~ i f h n  b u u ’ i u  lc ’u u u f m e ’ n . u l t n u  c ’ n u u . u s k m n u g  l , u i m d ’ .

I I - :  l i n t ’ hut ’, i f m m m u ~ lm L i imk ~’l s l i c c u i l c i  he , u m m m i i m i m m m t n m m i  cml ’ -f m n m e ’h me ’s
I: u u m ’ t ’i I l i u m  I hi c ’ l a m i s t c h u i i m e ’ i i s n c m mm c ml  f l u e ’ md ’ f l ; i mu  t l c ’ t , mu l
1c m f m i ulli c lc ’ ev~’uu i i t ’. i f  c l l s f m  ib~u t n c m u m .

I . .‘\chil -l ‘ l i t ’ s cml ’ l m l ( ’c ’c ld ’ V e’ t c m t i m  c m \ t ’i ’ fl it’ hie’a iituc h m lannkt ’f c m l ’  i e ’ic ,’.i st ’ I l i u m . I’  ~ I t ’ i i c i  t h i s  ; ip ~) l O \ i m m i a f c ’l\

4 ium t ’ i m e’s cmli a n n u i u i u n m i u m m m u  ccl 111cc s i c i e ’ ” I ’c m u I c m c ’a f i c ui cml ’ li m e’ lac ’ i i u un it 1 ’i  d Ill,’ l m i t l ’ s . l i me ’ h ’le ’e’ cit ’I t ’ l c m t  Ii

~I h h c l I 1  5 f l e e ’ l1o~t’ m l ,i u n  c ) l c ’ m I in ’ n m i f i m ’ t’ i n c a  I I  , u l s c m  , mi m so i ’b s  aumv t’\ t e ’” S mu ’ sun l  f l m , n f  n m i . i ’~ b le ’eui
f h i r c m u n ~’lm ‘ m u , i m c m m u m i c l  l i m e’ m e ’ l t ’ , i sc ’ f u i m u u  - I i i ~’ hil t ’e’c le ’n 1 10111 is uci ~’ n i I i f m c ’ cl m u m  t a b l e t s
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Figure 7-26. —-Cross Section of Repair Bagged for Cure

I
5, Foru m ami air barri er aro u mmid t ime ’ repair usin g vacuum seal put t v .  Place t h e ’ i meate ’r le’ads amid t im er mn o—

cocuple wires on top oh ’ the ’ seal pu t t y .  Use ’ sh ort strips of p u t t y  to seal each lead as simos~ mm n n m

figure 7-25 . Time vacuum bag wi l l  seal to this  p u t t y  harrier. II ’ a ha v ouie ’t — typ e  l’a c u u t u um i probe’ us

used, place ’ it i i i  position before ’  t ime ’  baggi n g l’ i hu m l is appl i ed.

m , I f  iiase ’p h a t e ’- t yp e  v a c u u u i m i  pi ’obes are used ( f i g .  7 -24 ) . posit k m ni I hme ’se ’ on lime ’  e’t lge’ a t e’,u s IWOI m de ’el

iv ’, the  excess w i d t h  of l’c lt’e ’tle ’r e’h ot i m see’ fig , ~~~~~~~ ~ -

NO ’ I ’ l :  : 1)0 No I~ p i n t  t i m e ’ v a c l n i n n m l  probe on i bare ’ meta l ,

St ’p am ’ale t im e ’ 1(111 ha l l ’ of ’ t Ime ’  probe’ f’roumi t Ime ’  base’ amid  set aside ’ f o r  l a t e r  i u i s t a h l a t i t m u m .  Ii t ime ’

surface is slcap i img. hmc mh e h  t im e ’  t iase ’ iii pe i sit ion ~‘,- i t  h i im i g h te ’ m imp e’r at u r t ’ n i m a s k i n m g  tape ’. -\ m u m u m m m m i u t r u  o f ’

two probe’s simo ul d he used for I he’ first S sqn m are ’ iee’t m 1’ a n . m  p lums O m it ’ a e ld i t uom m ah  pre ibe for each

a t i t l i t ioumal  S square fe ’e ’t.

7. (‘cml a 1iie ’t’t’ of iiaggine f i lnn t h a t  is larg e’ e’mmou gh m to cover t i me  re’pa ir area. (‘ove r time ’ are’a a m m tl seal

wi t ii t i m e’ v a c u m u r m i  seal put  Iv. Star t  se ’a linig oh ’ t ime ny lomi bag film at I he’ center of ’ ,u sse’ rum h lv amid

work i n bol hi ci i recti omi s ho seal t lie n m ’ lou hag. Leave ’ excess n mm a t e’rial for pleats am i t l  s lack w im t ’ mm

l ime ’ hag is under  pre’sstmre . Pus h all  areas of ’ l ime ’ li lt ’e’der clof I m au i e l hag dc m w nm ;ue ~t t m m s f  t im e ’ l ’amrin i g
bars a iid tool face’,

N0’FI ” : ( s e ’ special pre’caul i o m m w hme ’m i se’~u I i i m g  a r o uni ch lime ’ h m e ’at e ’r
or t lm e rm i ioc ou up ht ’  ( ‘(‘ ( ‘1 leads , as umm o sh he’a ks (id ’e’u i r  a t

t im e’se’ i l o im i t s ,

• 7-3 1
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F iquii t ’ / 29 Vj u ’uun; Probes Posi t,o,ued on Bli’t’th’r clo t/u .,t FuII ~’ of

S O u t  .u cic ’s’ m i  t i n e ’ l ’ , um I t i m u t  fc c ,u l loic I~ u c ’ n iec k c m l  l i i i ’ ~; u ’ u u u u r t u  l u f f  i u m ~’ 1c m J m r c l l n u u i t t ’ l u u s t . u l l  t h e ’

t ’ h , n s t c m m m i e t  se’, i l .un m ch  t i m e ’ k u m m u u l ~’~h t ’ , u f m .

‘) . . \ t t . i t ’ hn .m ~, u c u u u i m i m  im c m s t ’ to c l i i i ’ f ’ t c c t ~~’ . u i i t l  ,i \ . u c I u u u i m i  ‘ .IC ’ e ’ f c c  h I t t ’ c m t l u e i  .15 s i l c l\\ t l  u t i  l i c t m r t ’ -

~ c l I t l s f  t h e ’ , m si~ u i , u l c m m ) m i e ’ \ s u t t  c ’ t i m  I n  1 c m I S  unu ~’lue ’s S to  ‘~ 11 511  0 ‘t le ’el ’, c m i  f~’.nk s . ~~~~~ ,Is t l t ’i i’’.

s. t t  \ f c l  t m b l , u u u i  a n u u . u ” , i n n n n m n n n  le ’, n k , uee ’ i , u f e ’ of h I m  mt m ~’ i u l b  h m e’ t i i u i u u t t t e ’ , I i t ~ l’ ,ui ~ge’c l t e p . u u t  is  imoll

i’ t ’ , i c i \  I c c i  t ’ I i t  ,‘ .

I t I . ( m m m nm et ’t f l u e ’ t l l c ’i’ i i t mc m d’ dl t ) I l h e ’ I’, l i t ’s Ic c .i 
~~~ 

n t c n m n e ’ I e ’u ( ‘ h e c k  f~m e u u s u n r e ’ t i u . u f  ~‘.u ~ it i i u ~’ n n i u c ’~ c c u u ~ ’te  II I t ’

is u e’i c m F dh m O ’

- 0 em ~m t m e ’et l te ’, i f e ’i ~n id % , i t t l t l i t i  l e ’ . u c i s  . i” t t ’ c l t l i t t ’c l . P i c ~’ i i i  t h e ’ c l V e ’n l  c m l  . i i i t c ’c l , i \  e’ f c m r l u t i ’ ‘u c c tm % c i

l i i i ’ i u ’ c ’t h , u i e ’,m ~ I l l  Iue ’,i t u i i g  h h . u u i k e ’t s , nr m ~l i.u ~ i’i s c c l  i t m s t r l , i h n c ui

1 3,~
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Figure 7-30, — Checkinq time Vocuunm As se rmub/y for Le,u/ ~

L. •\ l m r l ~ h u e ’ a t  m m m c l  pre’s suu r e ’ \ l , m u m n t o r  t hese ’ f c c  , c e ’ l t l e ” , t ’ f i n e ’ c u m u  m m m c  r c . i t m i n e u i m t ’ n m t s  c c i  I t t ’ ‘, u n t u c t u l , u n
ach iue ’si~ e’ as u i d c l t ’t t t im sc ’c l u t m u m  -1 , 2 .  t I t i m e ’ cit e ’ i s n u u . u d e ’ ii , m i u  , u m u t c m e l , i v c ’ . ~t l u c ’ m u m l u ~’ pc ms u n I t ’ p t e s s u u i e ’

re’ac~- e ’s I t )  p si , ‘ ,e ’ t u f  c m f l e ’ h a l t  c m i ’ h u e ’ ~. u c u u u u r m u  h i t u e ’s f c c  h u e ’ e’ \ f t ’ m u c c r . i t m m m c m s p ) ) e ’ t c ’ l ’ m , ’ s s u u t c ’ n u u c . m m m n i c m t u u u e ’
lime ’ c m tiie ’i \ . t e ’ m r u t t u m  h i u m e ’ , w i l t  i u i c i i e ’:u l e ’ a u m ~ ~u h m i n m n ’ t m m , m i  i m m’ e.ssmrr’ e~ h n u i h c l - u n p  u u i i t l e ’ i  t h e  l ’ , i ~’ m m l i i i .  I t  l I l t ’
e’ u u r e ’ s u u i a t i e ’ C i s mulmi  I : t c m n l t m m m  pn’ e’ssn ) re ’ . e’ d i m l t i u i t i ; u l i \  l u i c c i u l f c c r  Une ’ ‘ t i e ’ ’ ( c c i  l e a k ’ .. I t  . u m u ’ . m ’ . u m c ’ s u d s ’ .
e ’ \ e ’ e’s” , I . l e ’ t i u u t m u  hcms s li e’l ’cm re ’ t i u e ~ I e ’ t m m p e ’m ’ : u i u t r e ’  n t ~,u ~ l m ~ ’. I S~~) k ~ i , l i e ’ c ’ t t l  mu m ’ p t c m e cu l t u r e ’ ~‘ , u i m  I :  c l i ’ .
c, c l t i t t t t l t e ’ ci , f l u e ’ i \ I c u e  c u e d , , u imc l  f l u e ’ c \ t  I c r e s t m u l e ’c h .

I .~~, \ l t e ’ u t I m e ’ cu ur e ’ is  c c m u m m p l e ’ h e ’ . c c m c m l  n c m  I S ) ) 0 I I c ’ t c m r e’ re ’ h n e ’~ t i m e  t h e ’ m n e ’s ’ . I u u e ’ Rc ’ m i n c m ’ , e ’ , uf l  h . mm ’ ~’ u i m ”
i t i , i  t e ’i ’ t . t i s ,

~ ~R \ l N ; ~\ l~~~R I l l ’ . -~ I l’sSU ( ~ I I \ ( ~ ( (  ()VI ’ S ~V f l h  \

I? I I  ~\ D t , lN ; 1101’ I ’OO ( S ~N l )  -~S S l - \ t B L  I l - S .
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7 . 1 2  FLASH RE M OVAL AN 1) (’LL~~N L I P

R e immo m ,- e’ excess atl ime ’siv e’, stuck tape , etc . wi ti m a sharp te m ol ( I 4—i n ch— w ide ’ wi me i d e’iu ise’i . ex t r a
sha rp) .  l ake ’ special care imot 1cm daumiage t h u . ’ m etal  surfa e’e’s.

2. Wipe ’ away dust anti chips wi t h  a et e ’ami dry cht ’e st ’cl t mt lm path.

I 
- 7.13 POST 1NSPF(’TJON

(‘oi m du ct  post rt ’Ixui r im msp t ’c l io m i as rno t e ’d in st’ctiofl it ). J , 7 ,

7.14 SEAL AN I )  F I NISH

I ,  Seal per se ’cti onm 4 3.o am id f i n i s h  Per section 4.3 . amid t ime app li cab le airc r ,ut’t i’,O,

I
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~,O TOOLS . EQU 1P~1EN T A N t )  F ACi L I TIES

( ‘e’r t , . i i m  t Ied ’,, e’c f i l i p t i i c t i t .  au th t a c i  t i m e ’s ar e ’ e’s~iec ia l i \  i i s e ’ I i u l  to tI l e ’ h uim m ete ’eh strue u u r ~- ie ’ f m a u r  fmm c e ’ss .

Soup e ’ c c l  t h e ’se’ are ’ eie ’scrj l ieel li t  I l u i s  se e ’) i l i u m ,  A lust  uu m g ot proc’ur enle ’ t m t s c m t l r c e ’ s is i l l  e l i  if l  se’e t ori 5 . ”~

I oem ) or Cc l i i i  p t n t ’ m m t f u r  tm o nele ’sI  ruct  u s e  t r ts pe c t ion are ’ i Ut ’l luchee h  in se’e’t ciii 1( 1 , ) ) ,

s. i  roois FOR I ) ,-~ \1.-~GE RE~I0V \ L

5 . 1 . 1  i-llGI - 1-SPLEI ) R OUTER

The im i g h — spt ’eel ro e t le ’r  i l h u u s t r a t e ’ei in f i g u r e ’  S — i  is one ’ ccl f l u e ’ u t i o s t  s - e ’ r s a i u l e’ f o c m l ,  f u r  e h a i u a e e ’tI t m i . u t e r i , u t

r e ’ n r m c m sa i ,  I t  nmmav he used f ’or tIme ’  r e t miov al  of ’ b o th  skin  ~t ieh t o r t  t m m a h e ’ r u a !. -‘ e a r h u e f e ’  ‘c i t  u s rt ’ c i u u u r e c h
for ro u t i n e t i t a r t i u m ,  I h e  ro t r te r  is eo t mtu i iou ihv  used against  a t c’tu f ’ c i a t t’ t i c  d e f i n e  a s n t u o u t h  c i u t .  \n
a p p r o p r i a t e ’  s e t - h a c k  d is ta n ce ’ is al lowe d to compen sate ’  Io n t h e ’ ~\ iii t t u  u ct t h u e ’ r c m t u  t e n  co l lar .

l Ime rou te r  m a y  he e i t h e r  hae I b el ch or used w i t h  a s u p p o r t i n g  base ’ f i l a t e ’ as s l t c c ~ mi ri fu ~u u m r e ’ c~~ 2 I lie
base’ p la te  t ’~-pica i Iv iul c orpor ’ate ’s a l Iu r e ’ac i t’d hock r inmi t h at u s r o t a t e d  t i c  a e l j u ,u ’st h ue ’ t Ie ’j ’c lhi  of e c u ) ,  I t  is

the r m lock ed in pos t iorm w i t  hi set ‘,crews,

-c ~~~H ~~~~~~~~~~~~ 
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Fi~quire 8- 7, —Portable Air-Drive n High Speed Router
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Router base

Template 

~~~~~~~~ ~ 
11

11~( Iit i11I L I1lI t { 1 1 1 1 1 1 1 f I 1 I l I I 1 l i t 1 ~~ll
JL

Figure 8-2. — Typical Router Setup With Template

Route r Templates

Simple router t e ’nmp l ates  mmiav he ’ matte ’ of ’ metal , p la st ic . or p l wood . The’ templa te  is at t ae ’he’d 10 t he ’
surface oh ’ t h e pa r t s~’i t h  double—hacke d (ape. All owanme e is nmiad e h’or t l~e width of the collar that  is
used to guide against  the edge of the templat e (see fig. 5-2).

Ii
— An i l luc tration oh a meta l  strip template used for removal of damage. to a spoiler assembly is shown

in l’igur e 8-3,

A convenient u mnivers al teniplate for cutting circular imoles is shown in t’igure 8-4 . The template is used
to guide the power router assembly while cutt ing out damage with a I /4—inch router bit ,

Dimensions for the router temp late assenmh lv are given in figure ’s 8-5 and 8-6, Bot h the templa t e and
ring can he fabricated o fSA E 10 10 steel (SAE 10 15 . 1020. ASTM A7-50 . or AI SI C- 10 18 optional ).

The four circu lar h oles in the template can he used to rout holes up to 1 .25 -inch diameter. To rout
out larger damage , center the template ring over t h e  damage and tape it to the h oneycomb panel
with masking tape. Time template turns freely wit h in t h e  ring. The heads of the two screws prevent
the template frotn cotning out of its seat.

NOTE: All internal dimensions will have the set-back
distance added to time dimen sion s shown,

Start routing from time een itt ’r , Place’ time guide of the router base in slot I . start t h e  router and rotate
t ime template clockwise while routing. A h andle may he inserted in the tap h ole to facili tate rotation
of the  template wi th in  its seat , After  completing a circle with the router in slot I proceed to slot 2.
3. and so on in the indicated sequence unt i l  all elanmu ge ’ has been removet i .

8-2
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F,qur~ 8..$,—Meta(’Stri;’ Template Used as a Router Gu ide to Remove’ Dam.agn’ tronn ,i Spoth ’r

Trailing Edge

a

a
a. -

Fiqure 8-4. — Air-Powered Rou / tc ’r and Variable Dian uCte ’r Rot, ter Temp/ate
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R ~0.51 (typ ) 
~1 ....4 

~~~~
. 0.088

1 0.078

/ 
0.25~ (typ) R2=0.255

/ /  ~?<~�\
450 / ~~~~~~ 

- 
0.57 450

/ / 0.75 dia. 2.25R ‘ ‘  (typ)
\ 0.87dia . \ 6.730

/ 5 2 “ 1 1 2 25R \ 6.725
1 ‘~~ V~

”\> - 1 ~~ 
‘

- .L-~ 
— — - -~~~~ 6 50

- 1’Y9~” A A - d~a.
1 .25 di a. - 0.62~~

”\ -

2.25R 2,00R /

Alt dimensions in inches - “ 
“~~~~~~~~~~~~~ ‘ “ “ 0 16510.32 tap for hanrile

Figure 8-5.— Router Template Assembly Component_ Rotating Plate

Spoef ace 0,440 dia f i l let 
, ‘

—
_ - “ ‘.‘—----‘.- _,

~~~~ 
0.065

Radius 0.04 machine to ~~ -“~~~
“ 0,060

0,00 -
~~ 

— 0,25
EJge as show n opt - 0. 110
DnhI and tap &32 NC.2B

/

/ 

~~~~\025
00r

~~~~~~~~~~~~~~~~
o 155

/ 8,2 dia, \ \ \  A
/ 6,755 - / \ \
/ 6,750 dma . / \ \ See R —

See A 
\\ \ *

6.50 d ie,

Ring

Figure 8-6.—Router Template Assembly Components—Support Ring and Lock Screw
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5 .1 .2  HOLE SAW AND F’LY CIJTTER

,-~~ h em l e’ s.u~ and gui d e’ hushing  ar e i l lustrat ed m i  t’igure 5-7. ‘l’he saw is used advantag eou s ly  to cut

I .00— to 4 .0 0— iumch m t hia umm e ter  Imolt ’s m m  , ml u n mminu i mm or t i t a m i iun i  sandwic h l aces , W im ere the cut
is to he’ e’\ termde t l  in t o  th e’ core. use of time r outer is pre ferred, ‘lime hole’ saw t enth s to te ar  I Im e ore’,

carbide or carbide tipped
for t itanium

See A~~~~ 

~~~~~~~~~~~~~~~~ Guide

hea~~ eated ~~

.

~~~ 
“

~4,.,, tool steel 30° -

~~~

Sandwic~~~~~~~~~~~~~~~~~~~~~~~~ Tae ~~~hing to surface 

10

surface w ith double-backed
cloth tape *

Figure 8-7. — Hole Saw and Guide 8ushing for Removing Sandwich Skin Material

l ’hm e s~m~ may t’e e ’it  - - iwer or unanual ly  operated. It is typical ly guided by th e use of ei ther  a pre ’-
thrill e d p ilot hole’ or I a ~,uide bushing. The use of ’ a pilot hole is couwerhient wh m e’ni con centr ic  hol e’s

are to be cut in Oppos ite sides of a sandwich panel. The guide hushing is locally made t’roni 0. 7 5—i mic l m —
th ick too l s t eel .  [‘ime inside elianieter of t ime hushing guide ’s the b lade whmi l e allowing it to turui tre ely.

Time hushing is a t tached to the sandwich surface with douhle-hacked tape. The saw is used to cul
thmrpug li the solid metal  only, i.e., through the skin or skin laminate combin ation (see fig. 8—8 ) sub—
sequent removal of the core is done eit h er wit i m a high speed router or a core-cutting kuii l ’e.

WARNING: WEAR .\ FACE SHI ELD OR SAFETY GLAS SES
WHILE USING THIS EQUIPMENT.

rime op e ’ra hio nm may he’ performed sinm il ar ly wi t h  a fl cutter  shown in figure S- ”~,

8-5
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Overlap d is tance to ,
in ter ior patch plate
)typ ica lly 1 .0 in , m in imum )

Core to be removed
w ith d rou ter or

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~ t hot 

~~~~~~~ 

~~
/‘

~~~

“

~~ I us a

1 c”

~~~~~~~~~~~~~~~~~~~~~~~
\__ Ho le saw

Figure 8-8.—Removal of Skin Using a Pilot Hole as Hole Saw Guide
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Figure 8- 9,—Fly Cutter Used to Remove Skin Material for Repair

S. l .3  PORT ,-4 ,BL E SAWS A N t )  SANDE RS

l hle re’ciproc at in m g aumd c i rcular  saw s .’ sh ow um in figures 8-1 () ant I 8 - I l ,  are e’sp e cna l l y  us e ful  for cc i t t  inm ~
tine ’ umn e ’tal skin’  as well as t I me  heavier  m e ta l  ~ iec ’ e’s such as st i l f e ’um ers  or fit  titigs 15cc’ ~ec’t io n 8. ~ Ion ’
supp lier  l is t in g i ,

,‘4 , tnt ’ li i e’T piec e ~f equipment  t im a t  is very useful is tIme I mig h m speech air motor  w i th  a sa n i t l i um g —el n sk ’.it tac i t -
n m e n m t .  I b i s , as we ’ll as other . ib ta c l mnm e ’n ts . is shm owr t in ligure 8-12.  I ’li e’ s a nehium g d isk is espe ci al ly

cm se ’ftu l for suim oot l mi n g the surface at ’te ’r pieces e)f core’ h ave been re ’nii ovee l wi t h  a core’— e’u t ( t u g k n i f e ’ on ’

ot lm e’r u mie a ns . It  umm av also he used for r emtwing time h eavier d ensi t y c’Ore as s l m o wn m t ’m re’vio usI~’ m m

t’igt ure ’ .‘)

5. 1 , 4 SKIN P E FL I NG TOOL

-\ tool t h a t  f a c i l i t a t e s  peeli n g c m l ’ t ime sant lw ic im sk in i  and doub ler s is s l mo w um in t ’ug ure ’ 8—1 3, l’ hl e’ too l
us Use’eI s imilar  to a sardine c F  e’ol f e ’e can key ,  ‘l ’he edge ol’ t ime ’ s kt um is placed uu m t ime’ tool slot aum d ro hle ’d
t ip  ( see ’ Figs , -4a an m d b) . For wit h e ’ strips or b r  h igh  pt ’e’l s t r e n gth  adhe ’suv es. it umm a v be nie ’e’e’s~.Ir \ 1cm

cut  t im e’ s k ium i u m t o  st n i ps  w i th  a tool suc lm as time ’ porta b le ’  circular s.i~ desc r ibed i n t i m e ’ previ ou s

p a r . mg r . i ph i ,

8.7
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Figure 8- 13. - Sk,n-PeeJ,nq Tools

5,2 (‘ORE M ,4 ,( ’ i I lN lN ( ;  ,.4 ,Nh ) l”ORMIN G

5, : I I’t ..P ( ’lP~H-’N I FOR ~~~~~~~~~~~~~~ ~t - 4 , C f l i N h N (

I~ puc .ul  c’t l u i h m u m m c ’ i mt  b’ m u’ si i u l ’, ie ’c’ u m i ae’I m i n m u n g  lau ’ge’ ~~te ’ c ’ c’s (~I i m ou m e ’’~’ e’tiui m h core’ u~ %l t c i ~m~ ut nut  t ’ig uu’ e’ I I
l h ~ns n u m , nc ’hu n nm e ’ im , n s b m h l m  l~m n m gi ttnhiumal anti t F , l u l s \  e’iSe ’ c’tt ’sS u . i n l s , l ime ’ u ’aul h m e ’ ighm t s  t t l . i \  li e’ d i l l e ’ i ’e ’u i t i Jh l \

.imtl ii stm ’mh ho pt ’rt mm i t  e’t ’n t our i l tg  on to pc’ i ’ nlmn t  ta l i e ’l’ u u ig  .n s shown nuu h ’ig , S I ~

l hit ’ n m acl m i u me ’ tise ’S a u t nu lt  i plc’ speed “1)00 . 1 4 000. and 2 1 000 r pn m pu\ ’e’isioum ek’ e’t rue ummo t or , l ’ hm us
s t i t e’ operat or t o sekct in range oh e’til te’r di iu tmm t ’Iers I 2 lo ~ i i i - ) while’ umia i um t a im m in g a s a tu s

l , uc l t ’u~ ~t n t t e r  per iphera l speed. l’he feed r ate’ is n u n a i n m ( a u , m e ’d at SI) to 200 feet Pe’V m i n u t e ’, lilt’

e’ i i t  he r u s the ~u lm c’ si e’n t t  or “bloguma slicer ” hype ’ - l hm ese cut ten’ s are am a n lahk ’ m m  in m ar ie ’ Iv of su i t ’s .

.us sho~m’n m m  fm gur t ’ S l i i ,

s l u t ’ p l . i l e ’ . ~h ut ’~m i i  u n l n e ’ u i u  e’ S - I  —
. us used ~m i l hm t he ’ c ’ t ’Ic ’ c ’ t i t  111mg n i m , iehmun i e ’ t ot  uii ~n c h m m n m i u m g  ~

‘shi ~upt ’t I t I e ’ t , m i l s . I hit ’ pl~uk ’ ( ‘nO\ ~th e ’s a \~n c n u t mu n  ba t - c’ lot u i m c m u n m h l u i g  t I me ~‘on c’ I l i e ’ p l at e ’  su iu  la ~’ e’ c ’ , I I m  be’
,it l l i i s t t ’mf to t i n t ’ t i t ’SI t(’ti .n n m gl t ’ i 0° t o  ‘(1’’ ) t o  mm m ~m ke t h e ’ Ia pe’i’e’e h e tu l .

8 1(1
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Figure 8-15. — Taper’Machining Honeycomb Core
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5.2 .2  C O R E - F O R ~~I l N G EQuil’~lI:NT

I l ic ’ e’c l ( u u p l t i e ’ nmt  n i c ’e’e’SS.i r\ ’ t o h m r o I m ’ ’ ’’ ~ fan ’n t i  c ’( ’i ’ c’ elc ’ l , i I I s  is gc ’ nmc ’n ’a ll ’, ’ ol spe’e’ual design au th ouR a m a i I ~ibk ’
i l l  t i m e’ c’ote ’ fabr ica t or ’s f a c i l i t i e s . i m l t e’el core’ t ’o r u i m i n ;~ c i i i .  Iio~ c’Vc ’i , he’ d oume ’ ~~n t l i  SL ’le ’c’le ’(l sh i c ’c’ l—
nu m e ’t ~u l—l ’t i r n mm ium g  u m l:n c ’hnu u me ’s. p n ’om ’ide ’d p roper proc edure ’s arc ’ tnsc ’cl . I’ \~u i iu l )lc ’s ol u sab le ’ i i u i i c ’ l m n i i e ’s a l t ’

l ime  F a r n m l m a n m m  p r a mm m i el  roll eu ’ the ’ ‘p i t l c ’li ’’ t~’pe p l a te ’ r ol l .  ( ‘oi ’e— l ’c m r u m m i n n g ~m i t l i  t i ne F a r u n h n a n i n  roll is
shc m w n t  in l ’i g t u n ’e’s 5 — I S  anm d S— ~~~~~~~~~~~~~ i n m l ’ou - n i m a t ion u  on cor e’ l ’o n ’nnu i i i g  is i n c l u d e d  in se’e’l iofl 7 im , 2 .

5.3 PROCESSING F.-4,(’IUTJF S

i’ r t )~’e’ss, nme! l~ic ’il ~i lc ’s s h i o t i l t l  i n i e ’m ’l th ose’ re’m l c u i r c ’ t nm e ’ n n f  s spe ’ e ’il ’Ie ’eI iim ~m h h I  —

5.3. ) SURF-4 ,( ’l ’. PREP ,-4 ,R ,,4 ,TION TANKS

( ‘l i e ’ I \~~ e’ ol ’ t a n k s  req t i i r e’d I t i r t i n e ’ vario u s st urf ’aci ’ - i’ e’p ,m a t  i m m n m  proce d ures are ’ cle’scrib ecl ii i  sec t  ion

~~ . ~~. I - Pa r ts  provrc’ssinlg t hu n ’ o ugin  a s i n r l ’ac ’c’ pn’ e’pa n’ a l n o n l  t ; n n m k  l in e are— sl me wn i m m  l ’igu r c ’ 8— 2 0 , l ) e t a i l s
such ,I s t Ine  t an m k l i n ing  ant I  s o l u t i o n  t c ’nnp e ’ r a l i i r c ’ are hl ~t e ’cl for a t y p i c a l  svst e ’ n mm i t t  t a b le ’ S— I -

So l tn t  ion m~u ke ’up . ope ra l ion ,  and proc’c’ssin g proe’eeleu r e ’s are’ g iVc ’t l m m  se’c l ionm ~ 3. Ree l e u i r e ’ i m t L ’ ul i s  t h a t
sho ult l be’ ille ’t co n ice ’r um ium g ta um k local ion ~uu1 el e’qtuipi mm en t are’ is  lohi , ) \m 5 .

:~

• %? 
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Figure 8- 18.—Forrninq Hone yconth C’ort ’ Wit/ i F,ir,;f,,,,,; Pyramid Roll
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Table 8-1.— Typical Surface Preparation Tank System

Function ta~~~~~~9 Temp. ° F Agitation Vent Remarks

Vapor degrease None 188 —— None Deactivated cover 1DCCR)

Alkaline cleaner Mild steel 140±5 Air Push air

Rinse V inyl paint 110 Air None DCCR

Deoxidizer Lead 1 55±5 Air Push air Teflon heaters

1st rinse PVC Amb Air None DCCR

2nd rinse PVC Amb Air None DCCR

Phosphoric acid anodize Stainless stee l Amb Air Ex Phosphoric acid filter

Rinse Vinyl paint Amb Air None DCCR . timed water flow

Dryer None 140 max —— None

1. Locate surface preparation and dry ing  faci l i t ies  remote l’rom other ac t iv i t i e s  and or equi pm ent
that  emit  contaminants  detrimental  to adh esion. I ’lmese include hut  are not limited to dust .
grease , oil, exhaust vapor , and parting agents.

2. Filters and/ or traps shall he installed t’or removing airborne dust , moisture , and oil from all  air
lines used for solution agitation anti drying of parts.

3. All tanks other than water rinse tanks to be operated at elevat ed temper ature’s sha ll:

• Be equipped with automatic temp eratur e indicatin g and regulatin g dev ices -

• Be air or mechanically agitated so as to minimize all teu i ip eratur e and concentration
gradients . The maximum temperature gradient measturee l from the hottest to the coldest
point in the tank shall not exceed 10° F

4. All instruments , gages , and regulators sima ll he periodically calibra ted or tested wi th in  time t ime
limit specified by the applicable TO.

5 . Air cleaning devices (e.g. .  drainage traps , cleaning separ ators . and fuller cartridges) sim a ll  be
inspected and serviced at fre quencies ~ecc~sarv to assure ’ meeting cleanliness r equ iremenm is .

8-15 
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8,3 ,2 PRIMER APPLICATION AREA

After  pre pa rat ion oh ’ l ime metal  surfaces . it is important  t h at t h ic ’y are ul t ) t t otuc h eel . e ’Vc’ui w u t l m  w h ite ’
g loves , u n t i l  a f t er  t ime  primer appl icat ion.  .-\n overhea d um ior t orail system to w l mic l m time part s  can he
suspended is one suggested t mmet li od ot’ p roviding a ct )utven ieu ’t t umeans of t ra m ms po rt ium g the parts tor
spray application of primer and for suh se qu eumt baking.  Ih e  are a used for  s p r a y i n m g  primer ant i baking
should he pressurized and teum ipe ratur e co um tr ohle d . Primer nmav be ’ app li ed iii a downdra f t  sl)rJ V 1)00th

such as tha t  in t’igure 8-21 or in an op en— lac ee l water  wash 1)00111.

‘ru e p riu m mer should he applied by a qu al i f i ed sI ra~’ ope rator to a spec ilie d I’ilnm thicku ie ’ss. ‘l ime pr inmed
parts are thme n  air  dried and piacet i in oven:; lor bakin g time primer f i lm.  Time ti l nmm t l miek ness un l a y be
itt specte tt wit im an edd y —current—t y pe in strw i ent calL’] a “pe rnmasc ope. ’ Ot lmer u mm ethot l s are time use
of an i s ou n m e ter or a l ight  section n li icr osc ’e’npe .

8.3.3 CONTROLLED ATMOSPHERIC L AYUP AREAS

An exam pie ’ of ’ an env ir on nmen  t alI ~- controll ed adhesive ’ appliea tion area is sh ownm in t ’igure ]— 2 2.
TIme ac t iv i t y  in the area is done by indivi d uals qua l i l i ed  cur cer t i t  me ’et mu m t he  te’cimn ’u i ( lu e s of ’ adhe ’snv e’
bon d ing .  All  work is accomplished w i t h  wh i t e ’  glov e ’s and wi th  no con tamina t ion .

The adhesive is stored in a _200 F f ’reeze’r u n t i l  ready for use ’ \s  the ’ material  is reum m ovee l front time
freeier it is condit ione d to room temperature bet’ore unseating the’ container.  ‘[h is prevents moisture
fr o nm accu nmu ia t in g on the adhesive ’.

Adhesive f i lm rolls ca im be coulvd’n l i e u m t l y  Placed on a roll stand wlme ’re t h e  film cait be re lleel out on a

$ 
cu t t ing  tah ie and cut to the ret luired size. When practical . t h e  um m etal  details to be bonded can he ’

4 used as the cutt in g templates.

I .  General (‘rite r ia for Layup Areas

The requirements t’or Iavup areas of ’ s t ruc tura l ~u eIimesivc ’ bondin g shops engaged in r ep anr of
t lamaged aircraf t  assemblies should be as loiI o ’~s:

• Limi ts of ’ airborne ’ par t icu la te  ma t t e r , temperature . antI i t u u m i e l n t  shal l  h~e’ as spe’cifi e ’d in
MIL- A -8 3377 .

• Airborne hy drocarbons shall he controlled I-m y  inmp o sing operat ing r e s t r nc t mo ns .  ‘l ime rm urnmb e ’r
used t’or ident i f icat ion of e~nch class shall correspond to the m a x i m u m  nunm m b e r of par ti c’lc ’s.
0.5 ummicron ieters or larger . permitted in one cubic foot of ’ air.

• (‘ontroh led ~nv ir onment areas for bon d ing do not fall w i t h i n  t h e ’ def in i t ion  of ’ ‘‘clean
rooms” accord ing to FED—ST I)—20 9 . The requirements  for a “com it rolled area ” room ;nre
reconm me rm d ed as m ini mn ums.

• No n mcri f i e a l  areas do not fall wit l m in t lmese el efiu l i t io n s .

8-16
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Ket ’er e’um ces :

i”I I)—S I l ) — ,~Ol  , ( ‘k ’an R c uo imm and \~curk Stat loin Re’t1u ir ’e’ut te ’n m t~ , (‘c’ ni t tm m ll e ’d i iu ~ n i e ’ n m n n u e ’ nn k ,

(‘ ,(,),_ ( ‘)~~,‘ ‘ - ~03 . (‘e m u m t a u m m u u m a t u t m u m  ( ‘oi mtr ol  ol -~ c’u ost 1 ce ’ F ;ue ’ u l u t u e ~~. ( ‘ 5  - ~ u I 1 1 ’ u C L ’,

,. \ SI M  F 2~S , Met lmoe is ot Sli i t t g  a n mel  ( ‘o u l m t m n m g  A ur  l4ornle’ Par ticulate ’ (‘eu nmt ; u ntmi nm ;lt ion um
( ‘le ’ ; un m Rt u e uu mms aumd Othe r  l)ust (‘o u t  ro lle ’~1 \n  e’j ” - I )e’su g i me ’el Io n  1 le ’e’t r e u n m t e ’ ~ nt e t  Sui t  i - I

-~ppluc ;u tnc m nis

-\S I \ t  l ”~0. ~le ’ th mc u e I lou’ ( c u n m t i n m t i e u l u ~ ( t ’I Iu t I i l t ’ an m e l  S u i u u m g  cu t ’ \ m i  he ’i i i , ’ i’;it t i c l ~’’. f t i” t
( ‘~t i1 t rol led Ar e ’.i~ .

2. (‘cun tr culle ’eI .-~ n d ’.I’~

Fl :l)_ S’l ’l)_ :Oe) ; i nm el  l , O.— 0(1~~~— 203 sht uulel be ’ use’e l a’ .1 guide ’ t eu t i l e ’ t ’a c n l t t  Ie ’\ e’onm ~ t r u e ’ t m oum

l i me ’ a el hme ’sive ’ app lie ’~ut i e u um area should be’ .i se’p.un ’a Ic’, e’nclose’eI .nre , u , ~~~e ’cI .~ I .R ’i l u t  I C ’ ” ~h ie u i i l d  be’

provide ’d ~~~
. c’ImsIJ i’c’ t h a t  t I me ’  app h i c ; u t i o u m  ar ea s t l u s t  e’e m n m t n ’ohle d , F i l t ered .ui s t i ou ki  be e m u i s t . n n n n l ~

forced num b th e’ area to u mm a inta ium the air pre’sslnre a t  ,i l it g h e’r le’\c ’l t l m a n m  t i l e ’ s , l i  I e ’ I I i I e t I i l ~’ . t f e ’ .I ,

l h i s  p r e ’veu mt s e’ou mtaumm ii mat i t ) u m su b st anm e ’c’s f rom c’im t e ’ n ’ u n mg t i n e ’ ~I U5 t -~- t u I i t n e mIk ’ d ,~n~’j s~ he ’n i t i l e ’ ~ioen s
let t i l e’ su iron m i  in g a re’as a it’ tu pe i me ’d -

I_ 1 um les s ot im e ’rwise’ um o t e ’ e I . t e n m p e ’r a t u r e’ and h t u u m m i t l i b v  should he’ n t n e u n n t & ’ne ’el . i r iJ  ‘. l n . u l l  nn me ’e’t t he
t’ol leuu’ i n n g rc’t l tui r e tne ’f l t , s . \ I i \  I) n1 ’tl ) Od , u n m ~l e’ q t t n p n t m e ’ u m t n n , u y  be’ Ii ” e ’~i l et i t l c m I1I t~ ’l n~’ l~, i t  ~‘i ” ~’’.

,nssu r ,u u m e ’e’ of ’ u l m a i n m t a i u l i u m g  proi e’r e’eu l m t u o i ,

• l’e u m m p e r a t  ~~~ ~m t ) ~~ 1c m 5~)O

• i l t u u m m i e l i t v  1) Ru u m m a’ e i u u u n m m

3~ hiui t- mumme ’nt

• I’att les or wo rk ben ie ’l1e ’~ (Ise”,l lc ’r t l t e ’ c t i t t  t u n e , core ’ ~p l i ~ i t i e .  ~‘ t - \ I IOt I l ~l he’ e m ’\ ~‘I ~‘J \~ t t lt
n m i n i u m m u n l  oh ’ I i 2 — i u m ~’ h t — t l m i e ’k ‘‘ \eR pren e’’’ p eu l~ ur e’ t l m a n m e ’ sI te ’e’ t ,

• All ot lm e’r work tj h le’s s h m tutuk t  be’ covered ~‘ u t l n  a s u t t a b l e ’ i m m a t e r i a l  t t u  i n e ~ ~‘ - ‘ t el , t n l l . l e e’ t o ; ui m \
t’onmpo n e ’nt  lu e i t mg b euntl e tl ,

• No sbe ’au mm—h e at e ’ el  or g.is -e upe ’ n , u t e ’d ~‘ e’ lmie ’ics or e’t l t u i p u t me ’ n u t  s h a l l  he’ .u l lo ~ e’tI u n m t h e ’ e ’t ’ n m t  n o l i e ’]
ar ea,

• Su m me - m k i u mg or e’a ling s i m alh  u mot  l” e’ pe’ m ’ n l lmt  te ’d -

• l)ep~n ck agiim g c-mi ’ t mmate ’ri als, t ’ i hiu m g, el r i i l i um g .  e’u tb u ng .  ou g r n u m d u u m g  el ill e ’t als sh a l l  n et  be’ pe rn l u t l e ’eI

i um th te ’ c oumtr ohl e e l  are ’.I .
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• All materials , parts , tools , equipment . and other i tems to he used in th i s  area shall  he
free of extraumeous dirt . gr ease . oil , ta l c. or wax hefewe enter ing the  cunt  rol l  ‘d area .

• All solvents used in this area sh all be conta ined m m  sal ’e ty  cans e)r other co n tainers meet in g
sa fety and hazardous-material -handling requir ements.

• E lectrically operated eqtu iprnent may he allowed m m  the controlled area f ’or short periods
of’ time only.

4 . Operating (‘onditions

• Restrict all unnecessary tra f ’fi c.

• The list of ’ per sonnel approved for access shall he screened .

• (‘lean liness of parts ermtering tim e area shall  be checked.

• P rotective clothing re quirements shall he met .

NOTE: It has been determined that protective clothing must
he worn for bite purpose of limitin g airborne par-
tic uh ~ute matter generation h~ pe rsonnel . Time use
of protective clot iming also promotes a “control led
area psychology. ”

Additional guidelines are provide d in l’ .O, -00-25-203.

~~ . Area Maint enance

• Areas should he constructed to he easily maintained.

C Areas should 1-me parti t ion m ed to hel p pr e’ve’n t tl rzut ’ts from e ar rv n  ‘c conta minants  in fr oum m the
noncontro lled areas .

~~ . Personnel

• Personnel , including superviston ,.nd tna intenanc e , tha t  work in coui tr oh led e’nv ir on fl t eum b s

covered by the above specification shall receive’ appropriate tuai ni img ii) clean-room
or controlled area procedures.

• ‘rhe personnel working in these areas shall he certified in eleanm-room or controlled area

procedures.

• Authorizin g observers shall he familiarized with pertinent procedur es and , when eimt e r ing
a clean room . he accompanied by a cer tified person. ‘r lmeir presence should also be’
restricted to aisle zones.
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- Responsibil ity tot Inspect ion

• ll nle’ss otherwise designated , the qua l i t y  ct uu mtro l organization shall he responsib le f or  the
e’Ont rt )hhe t l  art’a m mm e’eti ing anti nma int a ini n g al l time criteria r equire d for high q eu a l i tv  hont lium g
operations.

• l ime am ount  or level of a imho rne  p art te ’ulate. ~mm at t e r  ts determi .  1 h ei t tmer  time ’ f ’ailout .
~‘ t ul u nm etr tc . or au tomat i c’ part icle ’ c’OUll bc ’r nmeth od at the option 01 Qual i t y  (‘on t rol.

8.4 CURING EQU 1P M E r ~T AND FACILITIES

8.4. 1 AUTO CLAVES

I’he purpose of the autocla ve is to provide a n m e au m s of ’ applying uni form high pr essure’ and temperatur e’
t t -m a part for cure, it has definite advantages over the use of ’ oilier imme th ods such as vacuum bags and
im e a tirmg blankets , l ime hig imer pressur e i-mro v id es a superior qua l i ty  bond, The d e ta i l  parts are better
consolidated tot if l t mi m 1~1te hon dhin e e’ont act .

O 
Autoclave ’s should he operated b y trained and certified operators whose task us to see t h a I  all sal’et
proe’etl u rc’s are’ followed throughout each cycle. Automat ic  recording and con tr olh i i m g et lu ip nm em mt
are available and shoulth be useti wi th  each autoclave . The autoclave should be equipped with
multiple t lmeru n ocoup le r ecord irmg and/or controllin g equipment so actual part temperatures cant he ’
monitore ti during cure’.

Aut o claves are of various types aum d site’s. A larger size unit is shown in figur e 8-23. Heat is
provided h~’ electricit y , st eam, or hot oil with air circulation. Pre ssurization is achieved hv positive
air pressure or iu tei ’t gas. Time assembhie’s to  be pressurized are ’ sealeti uumele r hagg iumg film and either
veum te el to the outside atmosp lmere or connected to in vacuum line. It is import a nt that pressure not
be direct ly applie d to hone comb assemblies wi thout  the’ llhmm m harrier , as the pressure will  laterall y
crush the core.

Conventional practice is to cover and seal time repair compon ents after assembl y t’or bonding. A
vacuum is then pulled c- m um the assembly to hold time det a ils in position unt i l  the part is move’ei j umb o

the autocl ave ,  Approximately 10 psi positive ’ pressure is then applied 1w the aU t ocI ~uVe bef ore t Im e
vacuum lines are vented t~-m a tn mosphere . Vacuum syste tmm s should he’ constructed so that  t h e  can b-me
vented to atmosphere or connected to a gage’ sy stem on th e’ control console. Time venting of ’ vacuu u mm
outlet lines prevents a dit ’f ’erentia l pressure fro m accumulat ing under the hag film . By monitoring

time ’ vacuutmm gages the operator has contro l ot ’ time go ito-ge m cure cycle for any assembly.

• Differential pr essure from 0 to f-u inches Hg (0 to 3 psi) is allowed in the sealed ar ea during
a cure cycle ’.

• It ’ the elift ’erent ial pressure rises above the tm—inch—Hg (3 psi) n maxinmu n m m and time te ’ult l)er attl re
is h 500 F or less, the cycle’ can he aborted and leaks or other nm a lt ’uncti ons repair ed before
c emi m tin u in g the cure cycle.
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9.0 TOOL FABRICATION

The bonding tool basica lly performs two functions for the bonding operation. First , it main ta ins  or
- - determines the p art contour. Secondly, i t provi d es a base for fixing the details in place so they do

not shift  during the curing process.

Three types of tools are most common ly used for repair. In the simpler case , the tool may provide a
rigid flat surface. Pin points may be provided to fix the details. An illustration of this type of tool is
shown in figure 9— I 

Figure 9- 1. — F/at 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 he required only in the repair ar ea. Au example of such a tool made of fiberglass is shown
in figure C I . 2  This typ e of tool is qu ick  to fabricate and re latively inexpe n si\c.  Note that  it does h o t
pr ovid e support  for th e en t i r e  component.  In s t r u c t ions  t ( I r  fabricat ing tools of this type are given

fl ‘CC,’ L t l O f l  ~ 3 . 
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Figure 9-2. — Typical Fiberg1’ass Tool Being Used to Maintain Gun tour of Repair Details
During Cure Cycle

\lol I ’ “ u h s t j i i t i . i l  tooli ng is comnionlv req ui r C” d wliC ”re t he  repair  is q U i t C . ’ e\ t ef l s i \  ~‘ or th e  par t  ‘~ I~~’i h g
r e b u i l t .  l i i  su ch :i case . ( l i e  tool sur face usu a l l y  ~k te r u i i i n t ’s t he t ’ina l 1~ ir l  shape.  .\ 1(1 01 of t h is t~~pc
u sed for r eb u i l d in g  a w ii -

~~ k’ad in g—edee sect ton is sIio~vn in t i gur e Q_ 3,  I )u ri n g ( l ie  cute . ( l i e .isscW Mv
is l u l l ’ , support ed i i i  ( l ie  bonding  (0111 . (‘ aul  p lak’s and (‘a ir ing bat-s are used to d i s t r i b u t e  hc prL ’sst re
.ind provid e f i x  i t v  d u i r i u i g  th e  bond . . ~ s a resul t . (l i e curt ’ nia ~ hI ,’ made a the original  curt ’ t empera-
tur e .  l hi e  ~Ic~ tg ui  ol’ t h i s  t ype  ot ’ tool is discussed in sect ions o) , 2 a ui d ‘-) ,.~ ,

( ‘are utis t be t a k e n  in the  de sign to ensure t h a t  ( l ie tool is su l ’l ’ie i t ’ nt l v  r igt .~ to nLii n t a i n  th e  t l c s i i t ’~I
part con tour .  -\s h a ’  pres sure is appli ed . ( lie a ss eui iblv d e ta i l s  must comp ly to  th e  too l  con t our  and
not a-c ~,‘I5 .l ~% I t i ~’h3 ol ’ t h is is ,tc ~’onip l i sht’ d wl i ik ’  f a b r i c a t i n g  t h e  p art  t l e t , i i l s  t t I C ” I i i 5 C .’l~~(’’s I li ii ,
siti glt’-eontourt’d skins jii~I doub lers nia \  t ou ’ ni eas i I~ to t I i ~’ tool s u r t a c ~’, l ’h i t ek e ,  sk i n s , doub le r s ,
and C . C I T C ’ I C C !  0 ( 1 1 1  t l i , i i i  ~ - rv L i i ec  r a di i  ~v ih l r e qui te  p re lo i -m in uz , ( ‘onipo un ~t -~’o n ( ou r t ’~h ~k in ~ .111 ( 1
C . C ’ I C . ’ J i l L  hlC. ’ .i~ ~ SC ’ I I  ns w i l l  rt ’ q l i i i  c I I I  n i u n g  oi i i . iL ’ h I n j i i i ~ t o  ¼tOsc  t ol t ’i . h I i ~ l ’s 
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111J5s, Se lecting an adhesive th a t  has ~vale tolei’aiice to h e a t — t i p  ra t e  m ight  ~ilso o f I t ’i .u sol u t io t i .
,-~dt’t lUa t C. ’ t he r inoco tuphes shoukl he used to ensur e I ha I spe~’i l i i ’at ions b r  th i t ’ ~ t ti ’ t’ art ’ m t .

I ) i (‘Fe r ’  n t ia I t I iei’nia I ~
‘ ‘. ~xi 11 Si 0 Ii he t %% I I,’t’li t lie t oo I a iud I Ii e a I u iii i ii u in— ho t id ed pa r I sltot i Id no t hi’ a

proh )k ’in it ;ihlifll i flhilhl or t’ihergLiss tools ar t ’ used, S h ’t~I~l 1001 S SHOt ’I  I )  No I III  t S I •  I )  h - ’OR
I~()NI)lN( .- 4t1 IJN II Nt 1N I P. -~R’l’S. Stee l i uuav be used in niost cases for bonding t i t a i u i un i .

9. 1 MF T AL VERSUS FILil R GLASS TOOLS

l ia’ t i ’adc—o t ’t ’ betwee n fiberglas s ( soft ) t ools and m eta l  (hard ) too ls is kir g i’I~ a t’on su lcr a lion C ’ S  t ’Ost

and tool st/c . I k e  fib erglass tool is i- chat  iv eh ~ in ex p et u s i vi ’ and may serve ad e quat e ly  if t h e  repai r is

small or ol ’ inot le r at e  st/c .  I t  can he m ade qu i t e  qu i ck l y  by i l to l ( h i n Q i t  to the  ~t i i ’t aee o t’ an und amaged
part or to t he sur face  ot ’ .i t l a niaged par t t h a t  has been Iei l l p oI’ ar mh\ t’osn uet i t ’a lh v t reat e d.  I n  t h e  t ’or iner
case , the parts must he interchangeable , I k e  pr ob lenu w i t h  solt too ls is I lua t t h ey are more easily
damai ~t’d th an  the metal  tools and wil l  warp wi th  sut ’i’essi ~-e use. As a general rule ,  it ’ (l it ’ tool is t o  be
used to repair nuore thaII  tour part s . it sh ould be sup p lem enta l lv - t  it ’t’ened to prev t ’nt \Varp age . It
should be checked aft e r each cure to be sure tha t  no contour ch anc e has occurred , If over t ’it ’teen parts
are to be repair ed , it is recommended that a metal tool be used, ‘i’hi e use ot meta l  is alSo re , ’omniendt ’d
t’or t i e  fabrication of very large tools,

\Vhere the frequency of ’ use j ustities th eir cost, m e t a l  tools are preferr ed. They are more tI ur abk ’ and
rigid , They provide a superior base for a t taching  such aL ’t’cssorics as locating pil ls and (‘airing bars-

Consideration should h1’ given to obtaining metal  t ools trom the muianu f a tiur cr - Instruct ions should
he inc luded on how the tools were used. ‘Fools ar e commonly reworked during t lue course ot produc-
tion to accommodate part modifications , ‘Fhe airp lane serial numbers for which (h ue tool is :ippla’able
should be sp ecif ied .

Fl ue retent ion of infrequent l y  used too ls may be a prob lem becaus e ot inventory control t’ousider ,i-
(ions, In these eases , measures may be requir ed to ident i f y  th ese tools ax a xpet ’i al ~‘ash,’ in which
ext ended storage is justified.

9.2 MET AL TOOL F AB RIC. -~TlON

l’he me tal tool commonly referred to as a l4.~ J (bond assembly j ig~ is used to locate de t a i l  parts and or
subassemblies in correct re lationship to cacti other . wi t h in to lerance. I t addi t ional l y provid es or
permits uniform pressure applic ation to th e assembly t tu r in g  the cure e~ ele. I’ vpica l l~AJ ’s l’oi’ use in
air— or platen—h eated a utot’laves art ’ illustrated in l’igurcs o)_ 4 through ~~ _ ‘

. ( ;~~ er~d considera (toi l s
regarding BAJ design are as t’oflows:

Material

Aluminum , (i06 I , weldable, unp a in ted

Toleranee

On e—third ot’ the produ ct ion tok’r ance, unless otherwis e specified

________ 
A
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Finish

1 25 runs on sur faces L’orIta ( ’t in g the part or asse , imbl y io he bonded

General Design Criteria

1 . The BAJ must provide un it ’orm heat transfe r , bond line pressure . am i d eoii f igur a ( t o ri control ,

2 . l ’ii ~’ platen heat autocl ave tr an ster s heat by conduction from the platen surface through ( l i e H~~)
i1J s~’ to the curin g assembly .

3. l’he air heat autoclave tr aus t ’ers heat by eonvt ’t’t iot l to the BAJ ami d the cur ing assembly , - -

4, ( ‘onveet ion heated L3AJ ‘s should be designed to provide muiax imu ni  air mn ove iiue n t t hu roug hu (lie
tool support s t ructure and to the sur t ~it ’es tha t  tran sfe r the heat to the ~‘Li r ing JSst ’ l i i i l l \  -

5. I)esign th e BAJ to rest t h e  assembly on the aerody namic  or app earance cr i t ica l  s u i t , u e e .

(1 . U:~i’x art ’ constructed (~romn materials ~ hi ck resist distort ion Chu t e to th e th erm a l  l ’~ 1- 1111g .  a nd havt ’
a thermal coett ieie nt of expansion similar  to th a t  of the material  being bonded.

‘, ‘Fool materials must he t ’ree of ’ porosity ~m itl of ’ a q uah i t  \ su l f a - r e n t  1° ensure va~’ti u tii  imi t egrm t ~
during the entire bond cycle.

S. Working h oles in a luminum tool detai l s should have steel bushings.

C) Scribt ’d lines . in the excess area around the assembly , may be called out oil ti l t ’ U- ~J tool dr ,i~ i tu g
for locating edges of t hi t ’ par t details ,

hO.  For a l ignment  purpose s . sight holes wi l l  be r equired through tool mg dt ’t .u i t s  t h a t  ohs1 L u r e  ( h i t S

alignm ent vi ew .

Removabk ’ Titol Components

- Removable tool components are position ed w i th  locating pins . \ ae l i l imi i  b l ank et  pre ssure app lied
to these components u su a lh y provides sufficient cl amuu p in g.

2. Provide interchan geabil i ty between ident k’al loose details  and in hole pat terns in detai ls  pertorm-
ing operations on the BAJ wherev er practical.

3. Minimi ze the use ot ’ screws and bolts tha t  r equire removal or adius tmemit  t l ur i n g fl, -~J usage.

4, The weight of individual  removable components should not exceed 25 pounds (‘or ease of handl ing ,
Fairi n g bar lengths should be a t’u n ct ion of weight and strength.  L ong lightweight  b~ m s should be
divided into practical len gths for handling.

,
~~~ 
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lsohid—0 ,50 to 1.0 in . thick )

~ Han dl ing prov isions

Note : This type of BAJ is used to accommodate assembl ies that are flat or with
slight contour. These BAYs are machined from plate stock of suff icient
thickness to ensure stability.

Figure 9-4. — Typical BAJ for Platen-Heated Autoclave

Part excess periphery
or (airing bar outside -

Mold Line (OMLI 
~~~

— “ N,~~f~ 
Tool pin holes

6 in. (TYP) ~~~~~~~~ Countersunk-head screws

0 125 t oO  190 ki i ~ — ~~~~~~~

e ~~~~~~
- 

~~ 

•

Figure 9-5.— Typical BAJ for Air-Heated Autoclave USing Skin Preformed to Contour
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Figure 9-6. — Typical BAJ for Air’Heated Autoclave Using Skill Preformed to Contour
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Figui e 9-7.--- Typical BAJ for Air-Heated Autoclave for Compound or Complex Contour
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9.2 . 1 FA I R I NG BARS

Fa iring bars, removable from the BAJ . provide a smooth transition (‘or th ie vacuum blank et from t h e
bond assembl~ sur’l ’at ’e to the base of the BAJ A ty pi cal (‘airing bar applicat ion is i l lustrated in
tlgures 0-8 and 9-0,

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 (lie t ’airin g bar in order to reduc e
the chance for the skin to slip up on the (‘airing bar

Fairing bars on severe contour BAJ ’ s may r equire fabricated construction. Consider t’iberglass and
resin laminate , molded urethane for t ip to 250° F service , and a luminum for service abov e 2500 F

NOTE: Fairing bars ati d other tool details may be coated
with a teflon coating or wrapped in release film to
prevent the adhesive t’rom bonding to their surt’ace.

Skin -

.~J jj J Fairing bar Welded construction
Core ( ‘I. in. plate typ ical)

Critical dimensions

= = = -~i_ L —-—c
Index pin and bushing

Figure 9-8.-- Typical Fairing Bar Application
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Figure 99. - Typical F . i i t in q 6~; r s Shooii on Bonding Tool

9 2 2  I CRI : SSURE R \R S A \ l )  \t .t\l RI : 1s

l’res’,n ie  ba rs and i n a n d l L ’l5 i r .n i s i i i i t  pr~s s I z T ~’ to  th e  ~~ ~‘i  bond l in e ,  :i i i ~ n , i~ cup l’or t , I  I i
‘la nge bond m i t e a m i d i i , m ~ Io~-at e t he  s~ , I r  ‘i edge i l e l I lbe r  I.i t~’r al I~ - t~ pi . .’, m l  i , m n d r e l  , I l~~l i L , L t i O 1

Is sh ow n i l l  l ’igur c  ~~~— I t ) .

Pre ssure H i s  , mnd ina n~lr el ’. f l h t i s t  he C l e s i e n L ’Cl C i F : I f l s I l l l I  I l k ’  C I L ’ S . i I i ,’ C l t i l l  I~’. .”tIL’

I, -~ l ’  l I O N :  S,~ i i j t h Prr .’” ,s ui’t’ \ h u t i l i h ) l i ~’ : t t i 4 r mt ’

I 1L ’\ i t L l ” t  h I,’ t’e~’ t i l l _ I l  Ilk L L ~ .i i i t l  dO\\ ii ,

4 l l t ’, i l - r e s i s t t i i u  S I 1 I I , ’ C i I, ’ - l \  pe r t i hk ’ i  I s  I I s C ~ I Hr l , I L i I i  1k ’ssur L ’ I ’ , ! . .  .1 11 1 I ; ’ p t l t r .I~ls “ ~‘k’ f t C ’ l , L ~ ’
t C r l e r , t r m I , - I,’ u n  hI U~~~ ~1 F I ,’\I,’11(s P t I i l ’ i l I ,’I .
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Bond assembl y Shim

~~~~~~~~~~~~~~~~~~~~~~~~ :g:
~~~~~~~

_______ Fairi ng bar

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~e tit

Bottom View

Figure 9- 10.— Typical Pressure Mandrel Application

9.2 .3 VACUU M BLANKET SUPPORT DETAIL S

Fair i ng and shroud detai ls  must be provided to support t h e  vacuum bl anket .  Typi cal  use of the se is

illustrated in figure 9 — 1 1  - Locate these details  next  to mandrels . along w i th  fairin g bars , and in

corners or openings in bond assemblies.

Consider the total pressures involved over the -~ntir e area wh i en selectin g material  thickness and gu sset

requirements-

Support shroud

0. 12 in , Gap Bond assemb ly uppe r surfac e

(max)  ~~~~~~~~~~~~~~~~~~~~~~~~~ Support f a i ri ng~~~~~

_ ~~~ 
n

Maridre I

Figure 9-11. — Typical Vacuum Blanket Support Details
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9,2 , 4 HA N I )L ING PROVISIONS

(h oist rings on B, -~J ’ s should be located so they ~v i I l  not interfere  wi th  loading and unloading th e  bond
:rsse irthl v in (lie autoclave.

Generall y , on (lie larger and heavier conv ,’ctio n— hie ated BAJ ’s. lif t  tugs are a t ta ched to the sides of the
BAJ base s t ructure  or made a part of the  caster  support assembly , In this wa s . any overhead l i f t ing
wil l not damage the top surface p l ate . See fig u re o)_ 12 .  lIoles shou ld al so he provided for t’ork h its
as is shown for the tool in figur e 9-1 3.

Lift tug

~~~~~rt  BAJ
a s semb l y structure

Figure 9- 12—Typical Lift Lug Combined With Caster Support Assembly

(‘onvection — heated BAJ ’s are comn ionlv handled wi th  fork l if t  equipment .  When fork lif t  channels
are included in the BAJ design, call  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 stora ge .

Removable casters are commonly used for moving convection-heated }3AJ ’~ in the shop, The BAJ
design and const ruct ion should inc lu de  the caster support assemblies , Typical caster and easier
support assemblies are shown in figure 9-14 . Supports should be positioned so t h a t  the  BAJ surface
plate  is approx imate ly  3 1 inches from the floor .

9-12 
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BAJ struct~~~~~~~~~~~~~1
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2.37 in. REF ~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 1~TT ‘TI Caster assembly REF
Support 

~1~J:~itJ \
~6.00 in.

t~a
s
St~ ,l I 1435 in.

‘~i 
j
~

~~~~~~~~~~~~~~ _________ L
Figure 9-14.— Typical Caster and Caster Support Assemblies

The procedure for fabricating the tool is briefl y illustrated in figure 9-15. The detailed procedure is
as follows:

Either the damaged part or an undamaged duplicate part may be used to mold the tool surface.
Assuming the former is selected , inspect the damaged area for holes, nicks , protrusions , dents ,
etc. Prepare the surface for filling by removing all the protruding fragments and smoothing out
other :~reas. Filler resins or pott ing compounds will be used to temporari ly return the surface to
its original shape. The example of a contoured surface panel with a damaged area to be filled
is shown in figure 9-16.

2. Fill surface defects with

• Fast-Weld #10, which is a fast setting ( 10-minute) paste adhesive from Ren Plastics , Lansing,
Michigan

• Epocast 15 - 11/ 96 14 catalyst , Furane Plastics , Inc. 45 16 Brazil St., Los Angeles, Calif. 90039
(24-hour cure), or

• an equivalent material

L ::~~ ~~~~~~~~~~~~~~~
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3. Machine , grind . f i l e.  or sand the sur fac e to a sm ooth . faire d c t ’ u l ( o m m m  i . e . .  t ime  original c o u f t n i i .

This is i l lustrat ed far th e previousl y noted panel in figure ~)— I ~~.

4 . Ii the part  ha~ sing k—conto ured curvature .  ml may tie fu r th er  s m u o t i t l i e d  out  t i~ cov~ r mn ~ ( l i e
de tec t ive  a rea wi th  a t h i n  t ( ) . ( 12t )— i n . ) sheet of h e a t—tr ea ted  a l u m i m i n u m i m  ah oy A t t a c h  t h e  a l u m m n i m i m i
w i th  doub l e—h acked tape  I ~t c m i t i  t h e  sheet l ievu iid t I m e  r e pa m i  a~~. I h is is i l l i m  ( r a t e d  m u
t igure ~~~~

~~ . Position a l a y er  oh ’ tele ase f i lm ( I l l ’ . l i i  etc. ) . m i ml l r f or afe d . i’ve, l i i i  a h i t n i m i t m m n  sheet . sweep

Out all t rapped air  and ~ ti nk l e s , m a k i n g  a sur fa ce  to surface  conl . ic t  I lou t in p lace ~ m t l i  h igh
te rn pera tu re ma sk ing t ape.

(~ . I av out . cut and fi t  a my la r  te m p la te  to ( l ie  sm/c  of ’ (‘m he m’g lass fahrm ~ ,-cl lul I ’ed l i i i  t I m e  Lmm i min a t e .

N(~ I F  - When a ~er~ huge laminated tool is hi eing f abr ica t e d .
the liheighi ss f a b r i c  ~ ill have to be sp hic cil  by I o m f l t s
but ted together.  Ii i  t h is ~‘ase. a my la r  t empla t e  illa
not lie usefu l and car ef u l  h and :mm eastireimleflf ma\
be r et lui r e d.

Remov e t l ie pr e ini pregna ted fab r ic  from refrigera ted storage. ( ‘oud it ion to i~ ‘i ’I l l  t e In petal tire
be fore openin g the  sealed pa ck aging s c i.  I .~ ~

Suggested supplier  prod net des igna I ion

• lPS I - l~~I (i I — I OS or lP 4 3—F— I u I — I OS prep reg fiber gla ss

I l exc e l  ( ‘orp ., ( ‘o;ms i \ t t g .  ( ‘
i t . l) iv .. I I  ‘ I I  l ) u h i l n m  Rlvd . .  l ) ub l i n. ( ‘ ; i hm f. O4 -~~(,

• I SP-F- ‘20l -h S I . \‘ olami A . or ‘SP-I- -’201- -l 43 V ohm n A . pre~ireg t ’i l i c r t ~l .mss

• L~.S. Polymeric.  Inc . .  ‘OO I . Dy er Rd. .  I’ .O . Ito’. 21 ~~~
‘
, S .mimt a  A i i m .  ( ‘alit ’. ‘)2 ‘°

S . Unroll enough fib er gla ss prepreg to cover the  desired to o l ar ea .  Place the nr~ h ar t e n i p k m f & ’ on I 1w

mate r ial. (‘t it th e 12 to I u plies of fabric r equired to bu i ld up (l ie tool I h i ck ;mcss .

No I I  The warp  and ~ ea~ e or ienta t ion  of t l ie (‘i hergLi ss
ca n he a l ternated  to add bal anced st  i t  tm ie s s to
the tool body.

4)  Position cacti pl y i i i  preprt ’g fibergla ss on the  prepared part s i i r t ao ~’. 5” ce f’  out a i r  h i t ih ’ l ’ les .
wrinkles , and kinks.  A plastic applicator.  P. A . - I made liv 3M - ~~~ e(l u iv akm ) I  . m mm.m ~ lie us ef u l .
(‘on t in im e la y—u t’ un t i l  all  plies are in place.
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Figure 9- 17. • - Fin Panel Wit / i  Oan rage Temporaril y Filled and Smoothed
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• 10. If ’ the laminate is smaller in size than the pane ) periphery , a 4-ply dry 1500 or 7500 fiberglass
cloth strip is laid alon g th e edge of t h e  laminate to absorb the resin bleed out. (See fig. 9- 19.)

NOTE ;  The 1500 or 7500 fiberglass fabric can be obtained
from the same supplier as th e prepreg material.
Purchase in 1-1/2- or 2-inch-wide rolls.

I I .  Cut and posi t ion a layer of FEP or TFE perforated release film over the laminate and edge
st rips . Next  positio n a layer of PVC- or FEP-coated fiberglass cloth over this film. This la t te r
is opt ional  hut  where excess resin bleed-out occurs, it helps break up the bond layer between
the perforated release film and the bleeder cloth (applied as the next layer) .

1 2. Place a thermocou ple at each edge and end of the laminate.  Secure in place with high temperature
masking tape.

13. If th e h art is p ainted , cover the remainde r of the surface with a layer of FEP or TFE nonperforated
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 th i . cloth.

1 4 . Cover both sides of the assembly with 4 layers of bleeder cloth.

I 5 . Prepare the envelope vacuum bag as follows:

a. Cut and fold a piece o~ ny lon bag film such that the double layer is of sufficient size to
cover the assembly and have a minimum of 1 2 inches excess width all around the assembly.

h. Unfold the bag film and center the assembly on one half of the film.

c. Install vacuum probes. An assembly ready for closure is shown in figure 9-20.

16. Seal the vacuum bag and complete the preparation for cure as outlined in section 7.11. 1. A
bagged assembly ready for precure is shown in figure 9-2 1. A cross section of the assembly is
illustrated in figure 9-22.

1 7. Cure in 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 precured at a temperature
that is somewhat less (a minimum of 5~~0 F) than the cure temperature of the part being used as
a mold. After the precure , the laminate is removed from the part and post cured at a higher
temperature. A completed tool and repaired part are shown in figure 9-23.

18. After the cure , the laminate is checked for warpage.

Reinforcement can now be added to the tool in the form of beaded strips or webs of fiberglass cloth.
This is illustrated in figure 9-24. Holes should be added to permit air circulation.

9-20
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Figure 9-20. - Fiber q/a~s Bondinq Tool Beinq Bagged for Curt ’
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4 pli es of L ttsiiier cloth

PVC~ ::ted hbe~~~ :cl:th 

film

2
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o

ze 
preg too fa br uc

~~%

bagq u~g f i (m 

bleeder 
“

\..... ..F Ep or~~FE nr i rfo te~release film
Vacuum seal
putt y

Figure 9.22. —Assembly Components for Fabricating Fiberglass Laminate Bond Tool
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Rolled Bead —

Stiff eners
Laminated BA.)

1/4 or 3/8 in. laminated
fiberg lass

o o
0~ 0

Depth 0
~‘1 0 determined by

Circulation contour 0air holes 0
o 0

Laminated
BA.)

0 0
0

0 0
Laminated Fibergla ss
Web Stif teners

I Il
Figure 9-24.— Methods of Stiffening Fiberglass Laminate Too/s
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10. NONDESTRUC TIVE INSPECTION

10.1 GENERAL

10. 1.1 INTRODUCTiON

This section contains a description of non destructive inspection (ND I methods that are particularl y
applicable to the quality evaluation of bonded structural aircraft part s. These methods are directed
towards the detection of defects which , if left undiscovered , might prevent the parts from fulfi l l ing
their designed functions. These methods provide a genera l guide based on past experience of
engineering and in-service surveillance.

The typical or most commonly used techniques are included.  Other techni ques may be equally
applicable. Responsibility for selection of techniques for a particular application rests with the using
facility . General ND I procedures , techniques , and terminolo gy are T.O. 33 8-I-I .  The —36 T.O.’s also
provide NDI instructions for the inspection of airplane structures. Any deviations fro m these docu-
ments for a specifi c aircraft should be approved by the responsible engineering agency.

It is important to note that all ND ! techniques are comparati ve (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
indications , however , since they may be due to changes in the structure s (e.g., a foam splice , tape red
core , chem-millcd skin , or excess adhesive), the inspector must be fami liar with the internal construc-
tion of the part to distinguish between defects and legitimate structural changes.

10.1.2 HOW TO USE THE ND! SECTION

The ND I instructions are presented in two categories. These are prerepair evaluation 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 examinatio n is given in table 10-3. The subjects of ND! method app licability.
personnel qualifications , test standards , definitions , terminology , and NDI symbols are discussed
briefly as applicable to this manual.

10. 1.3 TERMINOLOGY AND DEFINITIONS

Bond line—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 electrochemica l reaction. Almost all metals

are subject to corrosion. Corrosion may be present in parts exposed to water and moisture , i n pa r ts
without protective coating, and parts where dissimil ar metals come in electrical contact.

Couplant- -A sound couplant is a film of oil , grease , or water applied to a surfa ce to pro vide a path
for the passage of ultrasonic vibrations between the sound transmitter and the part bein g inspected.

10- 1 
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Tab/e 10-1. —Prerepair Defect Inspection Methods

2

~~ 
.
~~ 2

• �
• Preferred . .

I I I I
o Alternate ~~ 

.~~~ ‘C ._

• .2 -c

o Limited alternate ~~ 
.
~~ 

-
~~ -~ 

.
~~ -~ 

.
~~ ~

,

i~ 
-

~~~ ~~ ~~ ~~ H
> I~ ~~ ~~ X ~~

Moisture , oil o o •
Core corrosion 0 0 0 0 • 0
Core crushing o o o o •

Metal -to-metal Face sheet delam 0 0 o o 0
honeycomb Back sheet delam 0 0 0
sandwich Void , porosity 0 o o o •

Skin cracks 0

_______________ Face sheet corr , internal 0 S

Moisture , oil 0 0 0

Corrosion o o o • o o
Metal sk i n-to- Core crushing o 0 0 0 0 •
nonmetal core Face sheet delam 0 0 o o ~
honeycomb Back sheet delam 0 0 0 5

sandwich Void , po rosity 0 o o o
Skin cracks 0
Face sheet cor r , internal o S

Bond line corrosion o 0 o o o o • o
Metal-to-metal Deli~ ~,inati on 0 • o 0 0
sing le laminate Voids 0 • o o 0

Skin cracks 
_______ 

a
Bond line corrosion o 0 o o o • o

Metal-t o~metal Delamination 0 0 0 0 0 •
mu lt i laminate Voids 0 ~ 0 ~ 0 S

Skin cracks C
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Table 10-2.—Inspection Technique Selection Guide

Type at structure Recommended inspection technique

To detect 1 ‘in . -dia defects , use portable
<0.080 iii. instruments (such as Sondica tor ,

+ Harmonic bond tester , etc l
I I To detect 1/2-in. -dia defects , use high

~~
j  frequency ultrasonics

To detect 1/4-in. -d ia defects , use high<0.080 ~~ freque ncyT hrough Transmissio n
Ultr asonics (TTU)

~ 0.080 in.. <0.200 in. To detect 2-i ri .-d ia def ects , use portable
instruments
To detect 1-in . -dia defects , use high

1 I frequency ultrasonics
To detect 1f2~in.-dia defects , use

>0.080 in ., <0.200 in. high frequency Through Transmission
Ultrasonics (TTU)

<0.080 in. To detect 1 -in . -d ia defects , use portable
instruments , both sides

F To detect 112-in. -d ia defects , use high
frequency ultrasonics , both sides

________________________________________ 
To detect 1/4-in .-d ia defects , use high

f frequency Through Transmission

<0.080 in. 
Ultrasonics (TTU)

>0.080 in., <0.200 in. 1 
use portable

t To detect 1-in. -dia defects , use high
F 1 ~ frequency ultrason ics , both sides

F T ‘ To detect 1/2-in. -dia defects , use high
I I fr equency Throug h Transmission

>0.080 in., <0.200 in . Ultrasonics (TTU)

<0.080 in. + To detect 1/2 -in . -d ia defects in any bond line ,
use hig h fr equency Throug h Transmission

h 

Ultrasonics (TTU1
I To detect 1l2~in.-d ia defects in outside

bond li nes , use portable instruments , both
<0.OSO in. < 3 m ,  sides

10-3
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Table 10-2. —(Continued)

Typ. of structure Recommended inspection technique

>0.080 in. ,<0.200 Ifl~ j  To detect 1 -ir,. -dia defects in any bonclline ,
use high frequincy Throug h Transmission

-l Ultrasonics ITTU)

I I I I I I 1 1 1 1 I I I ‘~“~71 To detect 1-in. -dia defects in outside

J 
bondlines , use portable instruments ,both

- sides
>0.80 in.,<0.200 in. ‘~3 in.

To detect 1-in. -dia defects in any bond line ,
<0.200 in. use high frequency Through Transmission

~ I Ultrasonics (TTU)

To detect 1-in .’dia defects in outside

~~~~ 1 ~ 1 bond lines , use high frequency ultrasonics ,
I I I both sides

-I

f To detect 2-in . -d ie defects in outside
<3 in. <0 200 in j  bor,dlines , use portab le instruments, both

To detect 1-in . -dia defects in outside
<0.080 u~. 

bondlines, use portable instruments , both

3 sides

To detect 1-in. -dia defects in center bond lines ,
.._] use hi gh fr equency ultr asonics , either side

To detect 1/2 - in . ’dia defects in any bond line ,
<0.080 Ifl. . use high fr equency Through Transmission

Ultrasonics (TTU)

To detect 1/2’ in.-dia defects in any bond line ,
>0.080 irt .,<0.200 in. use high fr equency Through Transmiss ion

_________________________________ 

Ultrasonics ITTU)

To detect 1.in. -d ia defects in outside bondline
use high frequency ultrasonics , both sides

i f
To detect 2-in .-dia defects in outside

>0.080 in. , <0.200 in. bondl ines, use portable instruments , both
sides

10-4 
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Table 10-2. —(Concluded)

Type of structure Recommended inspection technique

<0.080 in. To detect 1-in. •dia defects in either bond line ,
______________________________________________________ use portable instruments , both sides

<3 in [ I To detect 1/2 -i n .-dia defects in either bondline ,• I I J~ 
use hi gh frequency Throug h Transmission
Ultrasonics (TTU I

<0.080 in.

>0.080 in.,<0.200 in. To detect 1-in . -dia defects in either bond line ,
use high frequency ultrasonics

:3 in.~~~ I I F I I 1 1 1
>0.080 in., <0.200 in.

Crack A break or split in the part wi thout  complete separation. (‘racks may be t~ und in parts which
have been ground , heat-treated , fatigued , or stress-corroded.

(‘RT (Cathode Ray Tube) - Provides visual display of ultrasonic information.

(‘-scan —Plan view scan of the part showing defect size and location.

Defect--A discont inuity, or fau lt , that is detrimental to the serviceability of the part or mater ial  in
which it is contained.

Discontinuity --An interruption in the normal physical structure of a part. It may be in the form of a
crack , forging lap, fold , sea m , porosity, dishond , etc. A discontinuity may or may not affect the
usefulness of the part.

Delamination --The 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. Normal ly, they will not have any effect on th~ strength of the part , hut
when they occur in areas of high stress or in certain special locations , they may he cause for rejection
of the part.

Nondestructive inspection— -Examination t,f structural parts and components for surl~ice and subsurface
defects without  damaging the structure.
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Table 10-3. —Postrepair Defect Inspection Methods

0

~ 
-g,

r ° —

• Preter red � & -E

0 Alternate ..~ .~~ ‘~~ ‘~~
-

~~

O Limited alternate ‘
~~ 

.c, ~
u u u U

~ ~ ~ .9I 
2 ~

~~ 
.
~~

. 

~~

5 5 5 5 x

Face shee t delam a a a o o 5 o

Metal-to-metal Back shee t delam 0 0

honeycomb Void , po rosity 0 0 0 0 0

Void in potting S

______________ 
Core defect o o S 5

Metal skin-to- Face sheet delam 0 0 ~ 0 0 • 0

nonmetal core Back sheet delam 0 0 5

honeycom b Void , porosity a ~ 0 0

- • sandwich Void in potting S

_______________ 
Core defect 

— - — 
• •

Metal-to-metal Delamination 0 5 0 0 0 • 0

sing le laminate Voids 0 S o o o • o
Metal-to-metal Delamination 0 0 0 0 0 5 0

multilaminate Voids 0 0 0 0 0 S o
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Void -\nv unh ond ed are.i which is supposed to he bonded , M any subde fin it ions of voids are ot ’t en
gi~en . such as lack of adhesive , gas pock et. misfi t , por osity , etc. This section of ’ the manual  ina k .’~ no
distinction between terms hut groups them in a general term “void” .

The fo l l owing  det ’initions of levels of nondestructive test inspectors are fro m M I t — S  il )— 4 10 1) and ar e
included here for c onveni en c e:

Nl)T I evel I A Level I individual shall know the practical aspects of the certified N l) F  method I he
importance of following procedures exact ly  and he able to perform operational t y p e  tests usin g
techniques specified 1w Level II or 111 personnel. lie shall he knowledgea b le of the cleanin g and a n~-
other necessary preparation of ’ parts before or after inspection. lie shall  be proficient  in setting up and
conducting the required test of ’ the material , part , or assem b l y .

N Dr  l c v ~’l II In addition to l evel I requirements . a Level II  in d iv id ual shal l he qualif ied to  direct
and carry out tests in the method certi t ’ied. ti e must also he able to set up and cal ibr ate eq u ip m ent
~vhe r e applicable ) , read and interpre t standard s and spt’ciflcations and contracting agency documents.

lie shall be thoroughly flim ili ar with the scope and l imi ta t ions  of ’ the method , a nd shall have the
abili t y to apply detailed techniques to product s or p arts w i th in  his l imi t  of qual i f ’ications. lie shall be
able to organize and report test results. 1k’ shall kn ow pr ac tica l theory and he fa mi l i a r  w i t h  u t i l iz in g
t echn ique .~. l ie must be aware of t he need for and the Ii in i t a t  ions of ’ reference standards. l ie  must be

• fa miliar w i t h  the ty p e  and location of expected det ’ects t’or the  fabrication process used to mak e the
pi rt s .

Nl)T Level I l l  In a ddi t ion to l evel I and I i’vel II  re qu irements . a l evel I I I  iu di v id u a l  shall  be capable
of ’ est abl ishin g t echniques , interpre t ing specifications and codes desi gnating the par t icular  test method

• and techni ques to be used , and in te rpr e t in g  the results . lie shall be c :ipabl e of evalual ing the resu lts
in terms of exis t ing codes and spe cifications and shall have sut ’ficient practical background in
applicable materia l s techno logy to assist in establishing te sts and acceptance criteria when none are
otherwise available. When applicable . he shall be knowledgeable in the other nondestructive testin g
method s. lie shall be cap~ble of preparin g, conducting and grading examinat ions  for qual if y ing Nl)T
Level I, II and I l l  personnel , lie 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 QUALIFICATION S

Nondestructive inspection of adhesive-bonded assemblies is relatively new as compared to inspection
where other NDI is employed (e.g.. penetr ant and magnetic particle ’). i h e  effect iven ess of ’ these
techniques depends on their proper application by trained and qu alit ied operators. MI L-STI)—4 101)
outlines the qua lif icat i on and certification requirements for NDI personnel. Unfor tuna te ly ,  i t  does
not cover the requirements applicable to adhesive bonded assemblies. Unt i l  these requir ements aR’
also incorporated in MIL— S’l ’l)—4 1 0. the responsibility to ensure qualified operators depends on the
user of the se techniques. It  is recomm end ed that  an equivalent of ’ an N i ) l  L evel 111 de termine  the
type of technique to be used for pre — and post—damage repair inspection of adhesive bonded assemblies .
A Level I or 11 inspector will conduct the NDI examination.  The Level 11 inspector will evaluate the
inspection results for determination of repair requirements or acceptance or ri.~j ect ion of the repaired
parts.
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10 1.5 TEST STANI)ARI)S

there should be at  least t~s o ba sic stan dards, I 1 )  meta l - to-metal  with a known void , a nd (~~) metal-
core—metal  s~ i th  known oid - to check the fun c t ion ing  ot the ins t rument  -

- Preferred Standards —
5

I esl st andard s to caIihr.~le a nd standard ize the bond inspection i i i st r umen ts  are er~ essen t ial. A n
i nsp ection techniqu e is u sua lk  .is good ,is the test standards.  In ideal condition s , t he te st stand ard
wit h known voids of selected si/es should ~-losel ~ dup licat e t he st ruc tu re  to be inspected. Flie
l~in inated skin s should be of ’ the sa me thickness and th e honeycomb core should be of ’ t he same
t hickne ss and deu s i t ~- . Other  variations such .is tapered core , chemical ly milled skins and doublers .
etc. .  should be incorporated in t he te st  s tand ard - F \ cepl for  implanted de fec t s , the  test s t andard for
adhesiv e—bonded st ru ctures should he fabricated in t lie same manner  js the bonded assembly, the
void or defect should be introduced in the same bond line as that  to he inspected in the  st ructure ,
l’lii s is t y p ica l l y  accomplished by replacing the adhesive patch wi th  a patch of ’ te llon or part ing f ’ilm
approximate ly the same s u e  and thickn es s as the  cure d adhesive , \l ti l t ip le l . iy ers of t ef lon or part in g
film should be used to achieve the proper thickn e ss and to assure t b - i t  a true dishond is incorp ora t ed
tet lon or partin g ~il in wi l l  not adhere to it self) ,

Nt ) I F : Teflon may bond to the p art and not make a good
disbond. If this happen s . th e standard shall be
refabricated.

As an alternate , mu lt ipl e  Ia ers of ’ Kapton t’i lm h ave
,ilso bee n suggested to creat e a rea li stic b ondli ni ,’
de fect.

There are other methods of creating voids which have had some success . One of these is to machine an
area from one of the metal substrates equal in size to the void . Another method is to replace a patch
cut fro m the adhesive with a piece of precured adhesive of the same size and th icknes s . -‘~~ third
met hod . in the case of hon ey comb , is to crush the core or machine the core so as to eliminate the
contact between the core and the metal  layer. Replacin g the adhesive patch with a patch of teflon
or part ing film is preferred .

Substitute Standards

When the ideal test standard s are not available, some other standards which are similar in structur e
to the part being tested may he used. However , honeycomb standard s shall not he used for metal-to-
metal laminate structure and vice versa .

Inspection Without Standards

When standards are not available , a known undamaged area can he used as the standard. To inspect
the repaired area, compare it to unrepaired area. The instrument readin g may change due to structure
changes resul t ing from the repair. Repeated inspection scans must he conducted tind er ~a ri ous
instrument  settin gs and the inspection should be verified by another type of instrument.  A k now l edge
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of the part contiguration i.e., number of hondlines. adhesive thickness , skin thickness . etc. ) is

essential in interpret at ion of te st results.

10. 1 .6 PREREPAIR INSPE€1’ION

Mo st me ch aniL -a llv damaged areas can be detected v i sua ll ~ howeve r , I he es t e n t  and the  out line o I
.in ’~ damage require a careful evaluat ion.  l h e  following guidelin es should be followed when applica b le :

I .  Out l ine the damaged area af t er  vis u al esani in a t ion.

. V e r i t y  and res ise the ou t l ine  by conduct in g a tap t e s t -

.~~ . V erif y  fu r ther  1w using a portab le N Ut  inst rum ent  such as the h armonic Bond Tester or
Sondicator.

4. On nieta l— t o— n it ’tal l aminat ion s , the Fokker Bond ‘l’est er can usually tr ace a well—d c fined out line.
(‘are fu l cleanin g is required to remove the couplant after inspection if ’ th is method is used.

5. If ’ there is a visib le crack in the skin , the extent  of the crack can be determined by usi ng a n edd y
current inspect ion.

o. If the damage is in the honeycomb section. an X —ra y examina t ion  should be conducted to
determine the ex tent  of core damage and or moisture in the core.

7. Ii ’ t he damage is in the a dl iL ’sivt ’ pot t ing or foam—splice d areas. an X—ray inspection i~ r ecommended .

S . It ’ the damage is in a mu it i l am ina t e  area , throu gh—transmiss ion ultrasonic inspe cti on is re comtncnd ed.

Q, If the damage is in the mult iple  hond line ot hon eycomb structure ,  throu gh—transmission ultra-
sonic inspection is recommended. The exposed areas must be sealed -

~i t~ to prevent water ent ry .

10. Usc tab les 10— I and 10— 2 for selection of ’ the appropriate non destructive inspection te chnique.

10.1. 7 POSTREPAIR IN SPECTION

Postrepair inspection should be conducted to determine that no area has been left unb ond ed and no
additional delamination resulted durin g the cure cycle. The selection of ’ NI ) 1 te din iques should he
per tables 10— 2 and 1 0—3 . The in~pect ion procedure should be guided Lw whether  or not test standards
are availabl e. The following guidelines shall be followed when applicable :

I .  Conduct visual inspection of ’ the repaired area for obvious defects.

2 . C onduct NUT with  one or more port ab le instruments.  The selec ti on of the ins t rumen t  should
he per tabl es 1 0-2 and 10-3.

3. Ott metal—to—metal bonded repa i rs tespe eia lly on narrow laminated steps~ the Fokker Bond
Tester inspection method should he considered .
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4. l i t h e  repaired are a has adhesive potting oi a foam splice in the honeycomb area . X-r ay  ex amina — -

t ion iS recommended , ‘

~~~. If the repaire d are a con sists of mtz I t i l ~imi na t e  or mu lt ip le  bondlin es in the honeycomb area .
ultrasonic through—tran smission is most det ’ini n e .

o . When standards are not available ,  the repaired are a may be compare d to an unrepaired area.
The ins t rument  readings may change due to structure change s re sult ing f rom the repair.

Repeat the inspect ion scan using various inst rument  settings and ver it ’v inspection results wi th
another  type of inst rument .

10. 2 GENERAL DESCRIPTION OF NDI METHO I) S ANI ) EQUIPMENT

10 .2 .1  ME TH O I) SENSITIVITY

Uef ’ect detection sens it iv i t y  between techniques wi th  respect to defect si/c and location changes wi th
changing cond itions such as part  complexi ty , operator experience. etc. Mo st ins t ruments  may be
succ css( ol in detect ing the malor ity of defects most of th e time. However , in some instanc es special
tech niques and skills are needed to conduct a reliable inspect ion.

Figur es 10— I . 1 0—2 . 1 0—3 . and 1 0-4 show re lative cap abil i t ies of severa l techniques.

2.0
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Figure 10-1. — Relative Instrument Sensitivity—Bonded Laminate Inspection
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Figure 10-2.—Relative Instrument Sensitivity—Bonded Sandwich Inspection
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Figure 10.3. —Fokker Bond Tester Sensitivity—Bonded Laminate (Two Sheets) Inspection
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Figure 10-4.—General Comparison of Inspection Techniques
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10.2.2 Vi SUAL

Nondestructive inspection by visual means is by far the oldest and most economica l method. Conse-
quent ly ,  visual inspection is performed r out inely  for damage assessment and at all stages of repair.
In some instances visual aids s Ich as microscopes , horesco~~s. magnifying glasses , and other optical
devices are used to insr ~ct a reas f ’or defects that are either inaccessible or cann ot be seen with the
unaided eye. See figure 10-S for an example of visual inspection with the aid of a flashlight and the
cor rect angle of vis oil .

10.2.3 TAPPING

Tapping inspection ( t ~g. 1 0-b) is a nondestructi ve method for detection of voids or delamination in
bonded areas. When ta p~~ Ig any area using a tapping hammer ( fig. 1 0-7). coin, or other suitable
object , a ringing sound is produced . The tapp ing rate is accomplished to pi )duce a continuous sound
so that any difference in sound tone can he detected by a trained ear. This inspection should he
conducted in a relati vely quiet area.

10.2. 4 ULTRASONIC

Ultrasonic inspection has proven to he very useful for detectin g internal delaminatio n s . voi ds , and
inconsistencies in bonded structure. The method uses sound waves with a frequency above the
audible range. The  w. - e s  a re induced into the part by a piezoelectric transducer t ran smit ter .  This
sonic energy travels thr ough the Part , and any marked .hange in acoustic properties of the material
wil l a ffect the SOL.n d t i-ave ling to a recei ving transducer.

Eye above
ref lected
light beam ,~~ ~~~~~~

Incident
li ght beam C

~~~~~ing 

/ 
\Crack open

surfaces to surface

Figure 10-5. — Visual Inspection of Metal Surface
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I h e  ( t i gh t t r e t l u~’i1c\ t i i i ’t h i oth re t l I l i r t ’s a c i ) t S p Ll i l I s t ic k is  4 ) 1 ) .  n r t , l s t ’ . oi ~~l Ie i  heist  t e l l  i ) i ~’ i n t e l  l . i ce of

the  t ra i t sd uc e i  and the  part  The u n i t s  ire qu i t e  common l used at  i f ix ed  l o ca t ion  \% her e t h t e ~ u t ’

used w i t h  r ecording  e q u i p m e n t .  I O\~ f r ~’qu ei tc \  e qu i p it t e i t t  is inur e p opu l ar ly  used ~ here po r t a l ’ i) i t ~
is r ci 1ui i’ t’d. I i  dues not requir e  .1 c o t i p l i i i t .  I t  i~ . hI t I\~ e\ ci , l ess a c c u i t i t e  i n t l  h pi c . t l l v  dat ’s not

pro~ ide .i pe rm anent  record , I ’hi e r c son an t - t \  pe equ ipm ent . a l t hough  gen era l l y  p o i t a h ~k’. does i - eqt l i i c
coup l an t .  It I~ considered more accura t e  t i t an  the low l’r equencv equ lp in t ’i t t  to t  in spec t ing  Lt i i i in ~itetl

ntt ’tal  t i -e ,is . Method selection may be made on re quired sens i t i \  it \ ’  an d t ) h i e i , l ( t t (  i ’. i i i i i l i a r i t ~ .t~~t f

pret t ’i d ice I’ hesL’ methods  are fin t i te r  descr ibed in I ~)hlo\ v Ing st - c t  ions ,

I h e t e  are two procedur es t~ r insp ect ion.  l’iiese ar e ’ e i l l i t ’r pulse ech o oi t h r o t t g l i - t r . i n s in i s s io i i  I l ie

puls e echo is noriti.thl ’. used .Is .1 sine ie  c i u l a ~~i int ’th od . tnd r equires  , l c t e ss  to u n Iv  one side ot t h e
con iponei l t  I k e  ‘0 1 1 t h 1  is reflected o f f  .1 SII FI Icc and i i i . t v  he t l i sp l a~ eLI oil a i l i e t er  or on , un osciI l ~-

scope .Is ,i d i scre te  sign a l I 4 4 F  d , I t ’ ) l  r e t l ec t i ~e s U i t , l t  c I h i t ’ t e c l t inq i i c  c.iu , i l s t i  he . i i i to ma ted  an t I  ,t

sc , l l l  iecoi ’ding i iad e .  It  is usab le on most i t t a t e r i a l s  where  the  sign . i l  ‘.ti - en g t l t  I s su ch t h a t  abs orp t ion .
sc, I l l t ’ i i i tg . or ref lect i o n ot sound sigiti t ’icaiti t ~ d i l  l e i s  o \ t ’i good or d e i e c t i ~e . i i e , u s  oh t h e  i . i i t  ( here
is I pic . i I1 \  ito p e rmanen t  record oh the  insp ec t ion  ~ lien the  t’t~ u i i p i i 1 e i 1 t  is  used I s  .1 p o r t i h l t ’ u n i t .

Det ect ind ica t ion s , however , can he mark ed oii  the par t  and  eva lua ted  by ( l ie  i i i sp ec toi  . i l  f l u e  I l i U t ’ ot

i nsp ection.  I I I i c I e n c ~ ol t he  insp ect ion is h i n t i t e t h  1w p a u l  co i i f i gu ra t i o i i .  N o i iiu ,u hI ~ . t O f l I , i t l  insp e c t i on

~ il l  f i n d  anoma l ie s  in the  b on dhiu t ’  n earest th e pr t ibt ’ ouR . I t  cannot be ilst ’tI fu r  ~It ’ l e~ t i o i t  oh t t t ’t~ ct s

in ho nd hin e s  bey ond the  honey comb cole .  I ) ep c n&l i n g  on t h e  i u i ; i l e r i i I  .ind the  p ar t i cu l a r  in s t r u m e n t

t \  pe , s e i i s i h l s i t \  o t t e it  decreases rapid l y  l”c\ - i)nd t he I l i s t  ho i t t i i i t t t ’ ~‘\ eii in I , i i i i u i i , u l e s

l l i t ’ uug h- t i . l i t s i i t i s s l o l u  p ius ides a more t f e I i n i t i ~e method of ul t ras onic  i ns p e c t io n .  I I l l s  pi t ~ ’edu ie t i , is

flu e i d v i n i a g e  oh r esponding to  d i s con t i nu ih ie s  located t i t i ’ot ighou l t u e  dep th  oh i n u h t i l a v e r  bond ed
s i r l I c t l l r t ’s. One t r ansduce r  is  used to t r a nsmi t  th e sound ss i s - s and the  o ther  to rece :s e th e  si gn _ i l
a l t e r  it passes through t h e  region of the  s t r u c t u r e  ht~ing te sted .  \ outs , ~l e l i , n i i i a t i o t t . c rushed cote .
t i t ’  ‘ ) t l i t ’F , l i i O i u i l l i t ’S i i i  f l i t ’ s t r u u c h t i i t ’ ; i i t t ’i u t i a t e  f l i t ’ t i ’a ns i i i i t l ed  s igi i . t I .  l li e t i , i n s t l i u , ,’ers m u s t be aligned
pe rp en thicuku’  to the  part  to  ,lssurt ’ m a \ i n t t l i t t  ava i l ab l e  u t h t i ’ .iso mi ic  s ignals . I n th e  c.ise ol huu n t ’vco mt ’.
the  t ransduc er  , ih i gn iu t ’nt must be .is n earl ~ p t r i l k ’ I  I t ’  I lut ~ ~‘el I as pOss i I ) it ’ I l i t ’ i i t s p e c t i o i t  c.ln be

condt ic t t ’t l hs .l mi t a i t u a t  conta ct  i i t e ( lu t ’ tl or itlct ’I’ l) t ) I’a It ’d in t o  au a i i t o i u i i lc t f  ~ ‘ t i t i u er I h i . i I  is ct~u iple t l  I t ’

.1 ( ‘ - s c . I i l  r ecorde r l i lt ’ sou nd . u t t t ’ i m u i t ~on lu t ’ It ) ir i’ t’g i i I a r i i i e s  in the  s t r u c t u r e  can act  u i i , u t e l s  bc t i . tc e d

i n plan tess on t l i t ’ r ecording

h u gh Frequency

h igh I r t ’t iut’n c\  u i l l i a s o i t i c  inspect ion i t t i~ be e i ther  conduct ed hs t h e  pnkt ’ ct Ito it i t ’t l t t ) t l  , is s i i t ~~ it i i i

figure i 1) — S or hs t h t r o i i g t i - t i ; i i i s i l i i s s i o l t  shown in f i gu r e  i i ,)- ’) . S e s e i , i l  i n s t i ’ u i i l t ’nt s a r t ’ , i sa i h . i h l t ’,

I ‘s.im p les include the  l mmt ’rscopt ’, R eflt - .i o’~copc. k ra i i l k i . i i i i eu ’ , \ l.t ~ i it ’f li i ~ . d i t ,

l ilt ’ t h l - o ug l i— t l ’ . Insu lnss iou t  pro cetlur t ’ is qu i l t ’ t ’t ) l l t i i k ) I i h ~’ used b r  k’si tIt ’tt ’t~t t t e t i i t i t ion  (s e e  b i g ,  11) - I
i i t d 1( 1 ,‘i ‘l ’ ht ’ nt a i i t  t t i s , i t l s  . i i t t , u g e s  t i t ’ I h i t s  imiehh to t i  i ll’ t h a t  i t  Is t i i n e — c o n s l l i t t l i t g  in t l  l . i ck s p o t t . i l ’u l i I \

Oth er  l i u t t i t . i t i o n s  art ’ t h a t  ( h i t ’ ct~up lanf  ( ~s . i t e i  in o i l )  must not t h a i u i , i t ’t - th e  p.u t - .Iccess to opposit e

stit’I ; ic es is  rt ’t l t t i r t ’tf . .1 t o i t t i i t l l t ) i i s  ‘a lIt  i t i u i s t  be IS . i i h , i t ’ l e  to  condii t ’t sound I l t rut i gh t l t t ’ p. i i t  . .I nti t h e
t le I ) ( hi ( i i  .1 l u s t  is i tO h tht ’ t t ’ r , t t i i i . i bh t ’ i i  i itOt’ t’ t h t iii t ) I t t ’ b~ it ~ll i i t t ’ is 

~
‘ ‘

~~~
‘
~~~~ 

l i t  s p i t e  ot I h l t st ’ pr ot ’ht ’ins .

t h r oi i gfm I r ins in i s s i u i i  u i l t i . i s o i i i ~ e i i i , i i i i s  ont’ of (he i t i os t  rt ’ht _ i l ’ l t ’ and s e i t s i t i s  t ’ i i t t ’thi t ’d s lo i  i nspet i t u g

au h i~sIv~— ho ndt ’ti ~‘o t i ipo i t t ’n t s ,
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I I ! l t u i t ’, l i ’ i i , u l l s l l l i s s t o l l  i l s i ’ t ’c l i on c _ u i I ’ t ’ ~‘oiiu Ii i ~’tt ’~l h ’~ l l l t i t t t ’i ’ s i l l d  h i t ’ I’ , i l’ t I i  5’. .u t e r  01’ h ’\  t i l t ’ l is t ’ ot 1

ss a f e i  coh u t i n n  ,i s silt) ’. ’. II i i i  I i e u u i e  I l l - I t t . l i i  u s ing  th i i ~ ss t I e r  c o h u i t i t i t , f Iu ’i’e i l l u i s t  he iio  ‘.‘. i l e r  h i i h ’h ’l e s

I ’c t sscei i  t h e  I i a i i s t h u c e r  in t l  f l i t ’ pa r t  .IS t h i s  s t i l l  t ’,n u s& ’ t , i h s e  J J ) i I J t , u t l o l i s  oh t I t ’ i t ’~ is .

I ’I ic  t i t i o u u ’ i u ~t i a n s n i i s s i o i i  n i e th i o th  c . i i i  c u u i s e n i e i l l l \  i c  sd up t o  a t i l o , i u a l i c a h h \  s c u l l  t h e  p a i l  an t i
p r o t l t i c t ’ .i p i . u i i  s i t ”.’. r~’cu r th as shi ~~s’. ii in I n t u i t ’ l i i  h i  - h u e  i~’c t t i ’d i n d i c a te s  i k e  l ’ e l . i t i ’ . t ’ n u l e l i s u i \  t I

t i lt ’ s ign a l  t i i i ’ u u e l u  t i l t ’ r u t  ( t ue s e tu p  n t ’ .  l’ t’ ,i t ’u flo do l \  Pt ’ i~ ’~~ t i ’d i i i  01 n i d u t ’ . u i e  h e ’ . e ls of I I I t t ’ l i s i t \  -

I l u i s  h , i t t t ’r c i t . iv  he .uc t ’o i i i j ’ l i s h i t ’ui s’. i l k  ,i n t u i h t i c u t h o r  i’ecort t i n n  hu ~-a t l , is shios ’. n in t u n i c  i t t - i . or a
e u ’ i t t p l u l t ’ r i / t ’ti t i t t ’ t l l t t i i lu is he u sed sv i i t ’rc I k e  P r i n t o u t  u s 1 5 . i r i i h i c  n t i i t ih e r  or t l a r k i u e s s  us s lut ’s ’ .  i i

pr t ’s it ’nsi ~ iii  I i s ire i t t — I l

l hi t ~ s. ’ .u i t l 1 i l l ~ r ,i t e s  t m -c in l i l t ’ s i c n l i i \  ~t f 0 i l l .  Sec ui t h e  1 1, ucL ’ , u i u t i - s ’ . I u i t c  rt ’ c u ’ i t l i l l g in t l  h i i i . sec

h i t ’ n i i u h t i c olor .  l i l t ’ t i t t ei is  slo\ ’. t ’r hec , u u u s e  t i  t i l t ’ u ’ t ’s~~oI t s t ’ t i m e  ~ i t l t e  n i s i l t i p he r~’cort t in g  pens . Au

iit ci ’eas eth cuvt ’r ,id e i ’ate  may he oht u i i t c t i  by l i st ’ 01 i n u i I h i i i e i tl  t r u i t s i i t i t l t ’r i ’ ccc i ’. t’r u i i i l s  t i l t 1  coill l ) l u l t ’r i / t ’d

li lt ’ t hu tI s -

I’ •
~~ ‘~

U 
- -

Fiqure 10.8. Operat ion of Pu /se Ecltcu Unit on Mu,l tilannna te Stan(lar (l
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h ) c i t ’c l ~ieIc ~ t i ’ . ui —,t ’ i l s i t l \  i t s  is t t s u l i t ’ ~l cp t ’ l i t i c i u I  o u t  t i l t ’ ‘. \ ,u t t ’i el ~l u _ t u i i t ’t e i  .u i t t l  l h i ~ su u~i t i u  i t i  t i l t ’ s~ .u I u i l i i i g

ili~l e\  1’ .  p ie _ u I  t I  1 l u , u i i l ~’l e i s  r ’ a i i v ’ t i o u i u  , b i t  l i t  I - t  i i i t l l .  I i’ , J t ~~- i ’ ,~ ’ 4 ’ ,  s~ , u i i  sS It l t l h .  l i t ’ I~ p ic . i i l ’ .  ( I , I t ,~( I

t t  I s u  u i t c i u  l t r  l ’ I , i ~ is .u t ut i  s’. t i l e  , l u l t l  ( l i i  ‘ ( I f u l l  ( 1, 51 )  r i c l u  u t i  ~‘ t , l t i ,  h i t ’ sc , i i t  ‘.s u t l t l i  s i u i u u l t i  he
. i t t l l l s i t ’u l I ’  I .~ t~ I I t ’t t i le  S o l t i  s u e  I t ’  ‘c t i e l t ’cl t ’i l

L it ’ .’ . I ’  rt ’ t l t I t ’nt ’\

I ~~‘.‘. - t r t ’ u l s u ’ l u c \  n l s t ’ t ’~ i u ’ n  u l i i i t s  I I .“ I t ’  “ ( )  k I  l / t  l u j t t ’ l ’ t’e ii ~~~~~~~~ espet  u , i l l ~ f or l lOI l t ’\ c o i l i b ’  h ’ t ) l l t l t ’tl

s t r u u t ’ t s u r t - I t e n  u u u , u i u u  , u t i s . u u i t _ i t ’t ’ s .u i c  t’~~i’ I _ u f ’ i I i t \  , i t i i l  f l i t ’ l i t l t I i , u i  I h l t ’~ t b i t i l  need . u h u t i l i u l  u I  dt l . i t l i l

t ’ u ’ t u p t .~ t t l ’i’Is ’ . t ’ t ’ i I  t l u , ’ p u r l  l i l t 1  l i , u i i s t l u u t i  ‘s ’ i n ’  de t ’r t ’e of t h ’ t e ~~f i l l  s e u u s l t  u s i t s  Is s , i c r t t u c t ’~l t t ’ . t’i ’ t l u . u t

oi t h e  h igh  t i t ’ ; l l t ’ l i c ’ .  t I , u ’ u t t u ’ l i  t l , l i l s i l l l s s i i ’ i t  [ u n I t s . .u s i u l i ~’ . u t t ’ tl  u l i  t i e s u i c s  i l l - I . u i u t l  l ( i - ~~.

h u m  ,,i~ / ,‘ ‘ i ’ / ‘ ‘ t i e i - I he I I . i i  l l l t i i i t ’ i~t ’ l l t l  I e s t e r  u i t ’  l f l  I .~ 1 is .1 pol’ t u H t ’ hu ts ’ . — l r e t i t l t ’i t c \  n is t r i l —

i l i t ’ i i t  l i s i l i d  ,l su u iu . ~it ’ t F . i l l s i l t l c t ’l t ’t ’r  l l l s pt ’ t ’ i u t i I  u t i  i i i t ’ t . t I  l , i i u i i u u . i t i t ’ius  , I I l t l  i i i e t . i i — t o — i i t t i t t ’\ t o i i i t ~ l ’ontit ’th
s ( i ’ l l t ’ h i u r t ’’.. l i l t ’ u l s t t ’ t ’ h i t t n u s Pt ’r i o i ’n l t ’tl hs h u e  l i s t ’ u i  .u t O l l  5’. I l i t ’ll e h t ’~’t i ’ o u l l . u d u l t ’t i d . i l i \  s l l ’ r , u t c s  t i u t ’
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i i i e i . i l h u t ’ she et  ol .1 l . u i l t i i t . l t t  i t t  I l O i l t ’S t O t l i l ’ s t i u l t  t u u i e  I t  h t t t ’ i l  i l l t , i s t l I u ’s t h e  ,u ~~u ’ u u s i u , ii u , s h t u ’ lusu ’ oh

t i tu s ’. i h ’ i . u t i i i u ’  I , u ~ e l i l t ’ u u ’ l I  , ‘pt - t , u i u ’s u t  , l l ~i~l t \ u i I t , u h t ’ i \  I ‘~ h i h i , , i i id l i ’ s t i e  i i u ’ i i l , u ’ ’ u l t ’ t k  I l ~’l ~f i I ’ t . i i u ’s
t he I . l ~ e s lI t ’ t ’t i t  l s ’ . i 5 e  l i l t ’ 5 o i i  i i e u t l u t ’ l t c s  l i l t ’ t , i u e she et  s i i ’ i , I ( i u ’ u t s  t e , l t u ’ -,u ’ u u u l u l  i i , i t u ’~ U h i ~ Ii t i e

t t ’ s u i ’ h c u l  hi ’ _ i t h u 5 i t ’p lu o i te  lt ~ , i t e s l , i i ’ u ’ \ t ’ t i l t ’ t ’ i t ’ 5 - t i , ’u t t , u , ’ u i t ’t  i t  ‘ i i  i i i  t h e  r i t ’ I ’ t ’ l i l t ’ u l i l p l i t i u d t ~ ~‘t t i l e

.lt ‘l i ’ .1i 5  i’ t ’s l t u t t l s e is i i l t i i t , i i t ’t l  I ’t .1 i i i& ’f ~’u 1 I t t ’ t l ’ ’ i  ‘
~~‘ of l I l t ’ , u s , t l l s t i s ’ . l i h l ~’ll t I l ~l t ’ Is t i i i ’ t’ s t i ’ .  I t ~l .i t t ’ tl I i ’

f l i t ’ t , i c e ‘s i l t ’t’t l i l t ’’. t ’ ! i lu ’ i t t  t ’i t Iush ~ t i t t i  5 en~’ i . i i I s  . t i l t ’ i t ’sp t t l i s t ’ I i~~~i l l  .1 p .i i  I h ’ t - i i i t ’  u i l s p t c i e ~i I ’. s t ’ I h l p . I i t ’ ul

I t ) .1 p i e ’ .  u ) s i sh s  p l t ’b’ , i i t ’tl  s i , I l l u l . U t h  i t ’I ’ le ’~e l l t I l l d  . i cc ept . i i ’l t ’ . IUII  i t ’ie~ i . ib ie  .u i e , i s

l i l t ’ Ih . i t  i t lO i t i s ’ U u ) i t t i  I c s lt ’l is s u u i t . i h ’ I t ’ l o t  i a p u h  i i i , i i t u . i l l t t ’~~k s  of l i i i  l el’ , i i r e t i  , u r ~’,,s , l i l t ’ i i u t i ’ u ’ SI , ’

( , i l’h ) i ’ t ) \ l i i l . i l t ’l\ 1 - h - t  i l i c l i t ’s u t u i i , t i t l e t t ’i 1 ’ .  I I ,‘ i i i e i i t - s h i g h )  i i i i i i l s  , u t s ’ ’ ss t o  t i l t ’ , i l c . I  u t e \ I  I t )  t i i t ’

s e i t u . i h  st ’ct i o i ls  ) t ’ l u _ i l ” . t ’i  ( t ’t ’’s . h i t ’ s k i i i  l e s t  I t ’  l i l t ’ h’ i ’ u ’ l ’ t ’ 1 1 1 ( 1 s t  l , i s~’ ~~~~ t’it ’c t i i ~ , u l  c~’ i t d u u h l ’ . i t s

t R i t e  ~
‘ , i l  I ’. i l io s i  i t i e . i l  i o i  . I h l u i t l , l l u l h i l  1.1cc si l t - c t  St l’ ( l t ’ t t l I t ’’-, h i t ’ n i s l r u u i h l t ’ I i t  ‘,t ’t i ’ s i l i S I I ’ .  f u ll oid

t h t ’I t ’5 ’ h i t Il t l t ’ c i t ’ , u s t ’s i , i p t t i I ’ .  f u ll s k i n  t i u u c k l t e s s e s  oser () . t1~~() ni5 ’h , u i l ui  i j c .u  t i l t ’ e~l I ’~’s i t t  t I l t ’ I’ .I~ t ,

,‘~, ‘ t h u .1’  ‘I l i l t ’ 5 , ’ i i t h c . i l u ’t ’ I I i ’  10— i - I )  i’s .1 p u ist ’ti t r , i u s n l i t  i e~’ t ’i \  t ’ u i i t i , u s u ’ i l i s ’ p t ’i  I . i i ’ t ’ t i l s i l i i i i l u ’ i t t

1 1 1 . 1 1  IS , , I l ~, ih ’ h t ’ ‘‘I u ) i ’ .t’i ’. i t i t 1 u ,.~ ill ,i S t ’ l \  h i ) ’ . ’ . , I t u ’i is l i , ’ I l t ’u l ( i t ’ h i s s  i . i t t I ’u ’ , ‘“ I i ) “ I )  k i l i ,  l i l t ’ i l l s l i u u i l l e l t t

op eu ’ .i t e s s’. u t h i i t  I l l i s  i , i t l e e  a t  .i s n u ’ I t ’ f ’ie t l u i e h l c \  I ins us st ’I e t ’ t t ’ t i i 5  n i , i n u u . i I  I u l n n t ’ ’ u i  l’t ’st l i l s i r l i

i i i e u i l  pci lo i ’u n . i t t ~’~’ I tue  l i s t  r u u i l t ’nI  I ’. u sed p r t i i t a r i l s  t o ~h t ’ t t ’ct 5 i c i . l t n i i l , u t i t ’ns of i , u n n n , i i  I s t t ’ souls
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Figure 10- 11. —Plan form Print-Quit Made by Through- Transmissio,i Unit Showing Voids in Bonded
Demonstration Panel
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iii ‘~‘ t t t  ii ~’ i j u i t ~’t , iI  .t i i u f  t t i t ’ ( . i I  s h i i l t ’ l t l i u ’ ” l i l t ’ i l i s I ’ u ’~ ’ t u u ’ t i  u t u . u ’ .  ‘c I ’ ’  I u ’ t t t t e u l  f l u ’ t i l  t t I l s ’ h . ic ~’ t ’l t i l e
s t I l l 5  t s u m e  I I u ~ 1 st h - l i  01 l ’s l f t t ~ t t i t ’ l I  i i , i i u ’ ~i i t i s s i u ’i i  ~ l i ~’ I I I  I “ 1

l i l t ’ “, t t l u i I t , l t t l I  t l , I ’ l s i t l i h s  ,u s i i t ’ i t  P [u i ’ se  ~~ su ’ u u i u i  u i i t ~ ’ ‘I h’ . i l i  , u i i ~I t l t t ’ ii  i t ’s ’ t ’U e s  l i t e  ‘ s t ’ u u i i u i  . i f l u ’i I t  f i , u s

l i , I S u ’ i u u l  si ’ l l i u ’ d i s l , t t t .  u i l i i ~ ’i u ’ l t  f i t ~ ’ g u l f  h t L l i I t l t ’ t i l l s  t r , u s t ’I , ~h i , i i1 ’,’e’. i t t  t h e  ‘, i i  ~
‘
‘s s f m t t 5  I L u i s ’ s . I l l s e

5 i i i i t ” es it  t h e  , u i i i l ’ i i t l t u l t ’ , i i ~~l i ’t p i l u s s ’ I I  s ’ - i i i t i t ’ s i u t u t  I t ’t f i t t ~ i t ’C~’ I ’ . t ’ uI  su ’ l I h t t l  l i e  “O l l u I l s  1 f 0 1  u l t ’ t t ’ u t s

these  c l t . u t t ’ ’ , 5 s  i i i  s t u t  Ii  ,i i l i . I i l i l t ’i t l u , i t  t i l t ’ I t l 5 I ’ ~ ’ ’ f u ’t  c . i t l  f I . i l l S I , I f s  i l I s ~l i i  h u h ’  l i l t ’ t O h i t ’ ’s~ ’t t h u l i h l ) ’ s ’ l t , i i i ) ’t ’”
ill t l t ~’ s h I l l s  f l u l u ’ I ; i  l lu . i l i u u . l I  . I l I~i i t ’.u f u u i i ,  i l u ~ t u t s l l u l i t l s ’ l l t  h i , us  l h t l h i t u ’ ui  , i e t u ’ ’s’s I i ’ I i u ’, I ’ s  1 s f i i ’ i i i ~ ’ ‘ . t’ l f l ,  . i I
s c s t u o i l  of .u l ee  , in ~i l I l t ,  u s l n i u u i 5 ’d l’s t he  su : , ’ of  t I l t ’ p i oi ’c  5 , I l ’ I ’ i u ’\ u t l l , I I t ’ f \  I I I i t t 5  i t ’ ’. t i  s h , u u n e t s ’i

l i t t i  I I ‘ i l l s  i t t ’s I i i , ’ i u )  \ l u u l I i p i ~’ i’~ ii t i h i t ~-~ l I l t 1  p u t t  e~I ’ ’es ‘.‘. II i e 5 l u u 5 e  t h e  s’.’ l i s l l t s  i t s  01 i b t t ’ i u i ’ s t i u n i u ’ .’ l i i

1 I i l s t l u u i l l 5 ’ t b (  i t l u ’l ’ t ’ us , ‘ u ’nt ’ i , u l i s  I l l  u u ’i i l . l c f  tu i t h i f l i t ’ I ’ , I I f  s t u i f , u ~~’ 5 - ‘.5 i t t ’ l l  i l i s l ’ u ’s l u t e  l i u ’ I h t  u t t t ,  side

0111 ’.  VI l i t ’ l l  u i s 5 ’5i I l l  l i i i ’ s  i l t t ’s l s ’ t i t t ’ c o i u 5 l i i i u ’it 01 0 t 5 ’ su u i t , u 5 t ’, s u u 5  i t  , u s  f u l e u , ’ I , I s s  i u ’ l I i ’ I l t t , ”,s oi ‘ e t l u t i . i i c u i
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, icos u s t i c  sur taccs , i i t . u s at ’t ’ect ( lie re ati iuug t i t th  g i s t ’ l .i ist ’ in t l i ca ij ons ,  S t u i l  , lCt  coi tt ict c .ll u st ’ s svea r on

the probe t i p s .  l ’Ilt ’sC s l tu ) uh l  he t’ sa c tuu i ie t h  f r t ’u l ue lu t l y I t ) . isssi i ’ e they  have rio~ s’. u n n  to a P oint  where
i i t ” .t r um t’nt st ’ l l - , i t l S  I t ’ .  is , i f t ec t e t l ,  St ’il ~it is ii s ni . iv be ‘. , i h i da h t ’d by i ,t spect iout Of ,i stant hi rt i  test  p an el .

Resoitant’e fvpe

I - h ~ ‘r h ’ m:~I 1’e-~ 1-r . h u t ’ h t ’kkcr  Hond ‘les t er  t ’u g. 1 0—I (~) Is a portabl e in s t rumen t  t h a t  ol’ t ’l . i t s ’s hs

t r ans t fu s’t’r t t ’ s’, ) l l . t l l  I i i u e ( t i t i t f ,  I1 i ’ s\ s l t ’I l l  is ,u 5’oinbina t  ion t ) t u l tr a sonic and plw sit ’al s ib ra t ing

t s ’ c i l l l i t h l t s ’s . l h t ’ I ‘tuk kt ’r j u st r uitlt ’nI s ’ou l s i s I s  of ’ two basic elements. ‘I ke bulk of ’ t l t e  i n s t r u m e n t , or
I t s  t~rst element , t’o n t a tns  th e posv t’r plant and th e driving nie~’hanisnt as ss ~‘ll as t he rt’.itl out st ’ , I l t ’s,

(‘ he second ekmt ’n 1 is the I r i  lis t 1 tu cer or probe , wl t i t ’h is ma de to vibr ate  i t  resona l i t  fre t !  u icutc ~

l’ lte ins t ru n t t ’n l rt’t l u ir t ’s .i co t i pl ant  nie d i uit i sut ’h .15 a Iughtt  oil t ’r glycerine mix ture ,  I k e  i let ’ t’s si t \

t~ar ( hu t ’ rt’lilo ’. ii of t he t’oupianl  . i f l t  r ui t sp t ’t’t ion is ~u t it sat lvantage-

FIte Fokkt ’r Uou tt i l est t’r IS especially at lapta bk to the inspect ion of bonded m etal  laminate s .  It is

uuor e se i t s i t  i s t ’ fo r  t h i s  app l i ca t ion  I lu au t i t t ’ h ow -I ’rt’tj u eutcv ins t ruments  t lt ’st’r ibe tt u t  sec tion 10, .4,
l’lit’ inst ru i i i c r t t  l u l a v  d i s c r i l i t i  t i l t ’ b ets vt’t’n voids in mul tu p le  bontlli nes. ‘ l ’lte sensitis i t S  t iecreast’s
below thi t ’ f i r s t  h ont lh i ne . especiall y i n t h e  cast ’ of ht t ’ ls V s t ruc tu res,  In prat ’t icc. t i i t ’ ins t rument  is
st.i utia ru_ I i /ctl oiu a Ia u _ c  sht ’t’ t or sheet ’s t ’f t he same t it j t’k nt ’ss as those iii the bont i l int ’s to be inspected.

“. /u _’ r u_) rea ding is ob tain ed on t i l t ’ s ta r i t l irt I . When th i t ’ in sl  r uu int ’n I , I hut s adj ust e d , is ap p f ie t h  to th e
ho ndt ’tl j oi nt , a shi i ’I in f ’ru ’t l ut’nc\ .unt i ~- hl a u uge in au t tph i t  si the .irt ’ oht iiu~ tt that  relate t t ’ t h e qu a l i t y
of Ott ’ b onth , l i t  lis t ’ , t he I ran su _ Iut ’e r must be posit i s ’ t’i~ p o suti o nt’t h as the readin g is ot ’t aiiied . It us

t h en ru ’posit iont’tI for th~’ ne”.t reat hi n g ,  In t f t i s  n t i n n t ’r ,u det ’t’c t itt av be p lot ted or outl ined.  On

u ii ul t ip k ’ nue t a l— to —m t ’ia h bond hi n t ’s, the  inspt ’t’tion shioul t l bt’ u_ ’ont lut ’tet h fron t the sit le ut the  th innest
out s i t lu _’ at l l t t ’r enti fi g . I 0—i ) , ( o n t ac i  must he t ’ t ) uI t i nuou s b etween ( i t i ’ probe anti the adli ereui d no
hubbie s), This in s t r t iu t t t ’nt is nt ’t ,iIs ’. , iy s  st ’nsi h i s s ’ on hou ievt ’ontb iss en ib lut ’s. t i t e ref ’ore it shou ld he
tiseti onl y if  sut -ct ’s si ’uui  in t let t ’t’ting s’oit ls in the s ta u t far t i .

lO.2.~ R A l) l O CR . -
~~~PLI Y

R adiograp hs is a s t’r\ useful N I ) I  nwtho t l in tha t  it ess ent ially allows a view in t o the interior ot ’ (h ue
part Portable t’quiplu ent  is available , and in Solut ’ inst :iult ’es inspection can be t iont’ \ ‘. ‘itht )ut
rentu )s ’ing the part front t h e  t i r t ’rat ’t ,  In most cast’s , luos’. es er . the part is taken to t i l t ’ X—r a y lab or atory .
[his more readil y ai ios ’.s access to both sides of ’ the part and allows th e p art to be p (at ’t’ti in a positi o n
whert ’ it can best be inspected for a particular tle f ’ect.

I ’ht ’ te chnique provides t h e  a thv a i i  t.i gt ’ of 1 pt’r r t t an ent  f i lm recort i. Out the other h uanu l . it is rt’Ia l ively
expens ive , and special precau tion s must be taken because of ’ the p otential  r ad i at ion huii ar t i  , \\‘Iueut
insp ecting wi th  a rad iographic meth od.  use trained personnel and verit ’icat ion s t _ i l tda r ~ls. ( ‘on tiu i c t  a
u1 i i lv check of ’ the t’ilm—de s’elop ing so luti ot i s, Do not b~ p.uss rat l i at ion s . I t t ’t ’.  r ct t u lr t ’lflt ’l t t S or .0 t t ’n t p t
to redu ce inspet ’tiOut t ime bs- iutt ’re~is ing t i te ki lovo lt age.

Conventional Radiograp hy

I his inspection un eth ot l tu t i l i i t ’s .i source of \ - i . l v s  or gamma r a s  to det ect  t l i s s ’O U h i f l U t t  I t ’s or t f t ’I eels

through d i f f e r en t i a l  th e u t s i t  it ’s in the iu i a t c r i a l  , -\ t s  plcai  ra t t i og r iphu c t~s postir t ’ su_~ up ‘s sito’.’. 11 111
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Figure 70- 16.—Fokker Born/tester Sei,iq Used to Inspect Metal Laminate

10-26

~~~~~~~~~~~~~~~~~~~
-—

~~~~~~~~~~ - - -—-- -—~~~~~~~~~
- - - - - - - --- -~~

-I 
~~~~~~~~~~ —— -- —--~~~~~~~~~~~~



_ _ _  - - -—5-- —.-------- ----—— ——‘ - ‘ ‘
~~~~~~~~~~~

--
~~~~~~~

- - “
~~~

‘ —-5--— -—

V_ Inspect from this side
for bondf ines I and II

Adherends 
~~~~~~~~ 0.020 in.

\\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ o,o~o in,

\\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ II

‘1 0.020 in .

0.040 in .

Inspect from thus side
for bondline I I I

Figure 10-17.—Proper Fokker-Bondtester Inspection Procedure for Multiple Metal
Laminate Bond/ines

figure 10-18. Variations in density over the part area are recorded by various degrees of exposure of
the films. A standard (pen etrameter )  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 throu gh the thickness, it is not a preferred ~nethod
for detecting defects such as delaminations 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 dislocated or damaged or voids in hond h ines

- j parallel to the ray direction. Various types of defects that are detected by X-ray are as follows:

Water in (‘ore Cells .- -Water in core may he detected radiogra~’~iicaI1y when the cells are filled to as
li t t le  as 10 percent of the core height. Detection sensitivity is dcpende n t on the sandwich skin
thickness and r~diographic techniqu e . A problem may occur in the ability to determine whethe r  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 vary in film density wi th in  the
cell or show indications of porosity. A rad iograph of moisture in honeycomb is shown in figure 10-19 .

crushed (‘ore . - —This condition may he associated with  a dent in the skin. Crushing of the core
greatly diminishes its ability to support the face sheets- A radiograph indicating crushed core is
shown in figure 1 0-20.

( ‘ondensed (‘ore , - -This condition occurs when the edge of the core is compressed laterally. This may
result from humping the edge of the cure during handling or slippage of details during bonding.
Figure 1 0-2 1 shows core that htas been condensed by excess expansion of the adhesive at a core- It t -
fitting splice.
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I

~\ (  ide Separation. ‘flui ’~ condi t ion  i t’st u lts when fl i t’  l ou r ib b on s ire separa t ed i t  I it ’ n odes . t i tu s
tusually occurs dur ing tore f~ib r ic at ioi i .  It also ui ta y  resu lt fro m pre ssure bui ld-up in t ’~h ls is a r esult

of ’ vat ’uum b i g  leaks or fitil ure . s ’. ’tt i cf t a ih ows  t lie pr essur ii . ing gas to t ’ iu f e r flit ’ assembly. A r aduo grap lt
.tl a f a i lure of this ty pe is shown iii f ’igu n e hO .~ ~~ .

I llouu’is ( ire . h ’ huis  occurs a f te r  a bag break or is a result of stu t lde n change of pressure i i i  t he  bon th iutg

cyc le. ‘ I hu e pressure clt angt ’ produces a sit lt ’ loathin g on t lie ct ’ll s ill s tha t  cait cu t  h e r  u_I i stort  I hte cell
wal l s or bre ak the unt ie bonds , Rad io gr aph t iu _-all y I us is iut t l ica te d as follo ws - -

• Single cell thuur u a ge usuall y appears to he r otu nd or e l l ip t i ca l  wit  h i  par t ia l  node—bond st ’p.i r at i on.

• Mul l  icell t lauu uge usu a l ly  appt ’ai s ;is -a curved svave front of colt’ ribbons I hat are t’t ) litlcits ed
tog ether tf i g .  l0-~ 3) .

‘l ’he condi t ion  is l t t t ) S t  l ikely to occur at the part et fge ~fl in area close to t he cx f e r n a l  suu r I ~ict’ ss’hu ert ’

the  gre i test ef ’f ’ect of ’ su i t i t l en c l t au i t ~u_ ’ iii pressure occurs. ‘I’ h ie t ’~ u i t i i I  ion is inos f preval en t  wh t ’rt ’ver
t h eie ire Leak paths  such is gaps in t l t t ’  closure u i h s  to accoi i tmot l a le  l~i s f c ni’rs , or t’hu_ ’ m ic al ly mi l I e u _ I

steps iii t l te skin whei ’e the  curt’ m a y  u t o t  t ’it  prop erly - \ \‘huc n is soc ialet l  w i f l t  sk uut—t o — c u r t ’ unbo ntl s . the
cou tt h t i on is t lt ’ te cfa bl t ’  by tM i l st ’—l ’cht o and I i i r o u g f t — f r u n s u i u i s s i o n  u l t r a sonic  t ec h nu q ut ’s. TIte t’on t h i t  itm

us ver y readil y detected hs ’ r i t l i o g r u p h i y  s ’ .-hicn t h e  \ -r ;iv beam c eui te r l i u e is parallel t t )  f l i t ’ core cell svaii s .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ X - ray
_
tu be

- X-ray beam centerline
normal to part and h i m

Lead tape and

/ I penetramet er

Film 14 in . l~ 3C in ,~~~~~ / _____________ ______________ 

Test part

~~~_ .~i,_ _ _ _ _ _~~ ~~~~~ _~~~~~~~~~~~ - - ~~~~~~‘_ \‘

Figure 10.18. — Typà~al Radiograph Exposure Setup
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l ~~ / , , , , , t i  i 7 .- 1 ‘j t ~ / i i i i ’  I h , usu _~ iii t~~~’ i t -~~~t i i t’ i i i  t ’ i t  t i t  I l i t t i p ’  I t t , i i i i  i t u i i t s  t_ ’ . i i i  i t ’st i h l  I l u t i l i

~es~’n - . ih ,~ t i i t I i l i t t i ’ s f~, l t I i t i i _ u , u i t h i \  is . u u u  t ’ I t ~ ’ c i u s t - i i i t ’a i i s  i i i  t i t le  t i t l e  u i _ h i S i i i  l l i t ’ ”t

• I l i e  I i ’ i h i l  .i~i h i t ’~it ~’ t a n  s i t i i u h i i  i i i  f~ l l h t , i i  l u t e  .1 i o i d  i l  l i i i  t i l t  s i l F l . i t t  I l i e  l I ) - .~- t u ,  l i i i ’ . h t .i1 l i c l l i . l i

c o i t t l i l  i t t i i  is u u i t i s t  rt ’ .i t l i ~ t l e l t ’ e l t ’u _ l i i~ u u h t  i , i s t l i l i t ’ S .

• h i t ~’ t or t ’ ui i . i ~ I t t’ e t i I  l t t t s i i i , u i h  a m t u _ h  l i l t ’ I t t a u i u u _ l o t ’s i t t i t  t ’ \j t , i i i t l t i u i u f t i r u m u i v  t o h i h i  the  t’ \ u _ ’ t ’ ss , l i u _ ’ .i

t i t u s  ~o iiu _ f I t i t i u i  is che . i r hv t i t ’p i t ’ t t ’ ti l’~ h i t ’ u . u u _ i u t t e i . i p i i  i i i  u n i t ’ l U — _’~

• l i l t ’ l o . i u u i i u i g  , iu _ i h u t ’~ u s~’ t a i l  t a i l  i t t  e \ i t , i i u t h  i i i t l  5 t i m ’ i t t i u i i ~f t u e  e u _ n t ’ I . l i i e ’ . h i t s  is i i i t u s t i . i t , ’u _ i i i i  l i l t

i _ i d i u _ t ’ i , i pl i  in l ’i g tu u ’ t ’ i t ) - ‘i .

t o%% \ i i l t a t ~e Rath i ograpl i~ ~s t O 50 k\ ’  )

l i i ~’ l is t ’ u t  c t t i i s t ’n t io u i , i l  \ - i . i ~ t t ’ c l m u i i t l t i e s  is , i i i  gt ’nt ’i’al , I i i 1 u u l t ~u _ i t o  f l i t ’ u u s p e c i i u _ t T t  u _ t i  t Ilt ’ uu i t ’ I . i I  u _ l i _ i l l s

in  l i l t ’ I ’~’ u i d e u _ i  _ isst ’ n i h t h ~ . i nu _ l t i l t ’ i t i h u _ ’s i s e  cu _t n t ’ sp l i c t ’ u i i . i l t ’i’ i , il . I l i t ’ ~i u _ l i i~’sist ’ h , t ~ c i  i t t ’ t \ ~ ‘ c i i  lit ’ i i i t ’ t . i i

i \  u i iu . ~ s in  icc ’s , u _ t i  ‘u_ ’t ’ss et ’it t he  t a c t ’s anu _ l  t i u t ’ u _ u _ t i , ’ , lu t iS t  u_ ’ o i u u i u i t t u u i \  i ’ , a t u r n  i,i ~ t i  - I h is , iii t ’ I t h i i h t i i i u~~ -
-

t i o i i  ss i t h i  t he  . i t h i i c s i s e ’s t s  pi~ a1 It iss u_ i t ’ i i s i t \  - t’ ;u t u sc ’s i t  to  he rt ’ h .u tuv t i~ \ r.u ~ tr , u t t s h i , lr t ’ u u l ,

\ r , ’ u_ t i l t  
-

I I i i  , , I I ’

‘. ‘Cs 
-

,~; -

Fiqnre ’ 10- 19. H.nlio t.i~;ha /f ;cpe ’u _ tu t f i  ,S’/ious’ii,q

~V.itu_ ’~ iii /Icti ~ ’t’ t ’ , yp ? 1 ‘ote ’ Cells
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F,q ui re ’ 10- 2t ) R.idiogr.-iph Showing (‘rushed Core ,, m H onevi ’omb Sa,iutwiu ’t; P.uu’f

‘t c u _ u_ ’ i , i l  t i l  Ih i t ’ i , i ~ i i t ~ c ’i i p i u iu _ ’ h i l i u _ h u _ t ., , i i t i t t ’ , u u i i i t ’ i i i h i t s  ‘,t ’ u _ i R t i i  5 5 u _ ’ l t ’ ~‘ u I ’s u~h~’J I t s h i t u ’ \ lu _  i~ c ’ i i i i u ’ li  \ , u u _  i l l
( t ’ m n i t . i l l \  % t I t t . u i u i t ’ul i u u u t h e n  \ u  l i i i ,  ~
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l i i  s u _ i i u i e  cast ’s , hlOSS t ’ u _ u _’u’ , t iu _ ’ i i s t ’ , i t lh i t ’~u s~’~ , i [t ’ i is t ’t f , i iu ~h \ - u . i s  (t ’ c l u t l u u _ h ( l t ’s c iii K’ t ’ u u t i i h t l \  u_ -i t o  i u u s i t u _ u ’l l i l t ’
h i u _ i i i u _h l i i i u _ ’ , l ! t i ~ u _ ’ u c ’ .l h i \  i i i c u t ’,uscs l I l t ’ u _ i u _’ t ’ i c u ’ u _ i t  iu t s p t ’c t i t i u t  h i i a t  e , i m i  1i u_ ’ ~~~~~~~~~~~~ \ u _ l l i t ’s u s e s  t i l
t i l t s  t ’u pe , i ie  t i s i u , i l h s  u _ i l  .i l i rn l i  t t ’l t i l t t ’ l ’ a t u i t ’ s a l i t ’ t \  l h u , i t  c u _ i u u t a i l i  a l ’il lu _ ’u 511th is  .i h u i u i u i u i i u u u u  it t i s su ien
~u i i  c’i . a l u u h i h t ’ u_ i f  t i i i ’ ~ is l i l t ’ F\1400 auhh ies i s e  nutau ’ Lt ’t t ’th l iv \ i ne i ie , i i t  ( ‘~ ,i u i . i i t t i t t  . i u td  i i s u _ ’ u _ i  l i i i  t h i t ’ I - I

‘ u _ n u s i u _ i u _’u . ih lu _ ’ ss u _ i rk  i i . i s i’ t ’u_ ’ii t lt i i i t ’ u _ i l l  bt i it ~l hi i i ~’ uul s h t t ’c t i t i i t  t t ’t’h t n i t l t l t ’s antI  i t t  t h u t ’ des t ’l u _ u h i i i u c ’ u i t  u _ i l
, i c , c t i i u t h t , uu l \  u i i g  uul \ l i t’ t, ’ t i u _ i u i  s t , u u i t h ~ir t Is  I rt ’ f .  I I . t ) h i i t ’i t i i , i i t  a t lt ’ itsu _ ’ a u _ l i i u _’’-. u s - .’ , . i u l u _ i i l i u _ t u i .u i  u t u _ ’ i i i s  t i i , i t

art ’ u u u i h i u _ i r l . i i u l  i i i  . i u _ ’ t - t i u i t p h u s i i u ng et ’t ’t’cti vc h t u _ i nu _ lh i ne  u l t s p u _’t- l i ou i  a le :

• ‘5 Iu IV ,  \ .~s k’s

• I l i eu u _ u _ i i t I l  .u ’.t l i m it

• ‘si t t ’\~t t ’t ’l t ’i l t ’ t’ t l ui t . i t ’ h u u t t ~’ op erator .ini t ’i h u n  i n t e r p l ’e l u _ t u

l~~.ii u i i i i u _ ’’, u _ i l ’ t ’, u~t ’s u _i l  t lc l t ’t’ts  t h a t  ca i i  h i t ,’ si it ’cu ’ s s f t i l l y  u _ It ,’tt ’~ t t ’~l i i i  f ’i hh u _ ’t i a t l l i u _ ’sus u _ i ,  l i s i u i t ’  p p - t p e n
Pi’Ot ’t’u _ l t i t u _ ’’. a le  is l ’u _ i l h oss

~~~~

—

i f  ~~~~~

Fi~iii e 10—21. —Radiograph of Locai’n iri s 14’ here’ Con’ to I rrt i’ ;q Si’/uu e’ 4, /1~u _ ’~
, u c ’ Has

Over- E sp~i,nk ’i 1 ,nmul Condense (/ Cot t ’
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Figure 10-22 — Radiograph Showing Separation of

Honeycomb Node Bonds

Figure 10-23. — Radiograph Showing 8/own Core
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, lh- t , i I - t t t —  h l u_ - ta (— f - ’!atu _’ -, - l ) i s b o u t t i s  i~ t h i s  t y p e  ta i l  o cc ur  when the  core us s l ig h t l y  I t i g l i e r  t l t a u u  a c lo sure
member ,  la ck of p ressure in tool in g,  or h t ~ air  t rapp ed in I l i e a u _ I he sivc ’ p r i or  to csurt ’ . P r u _ i v i d  ing t l ic ’
:uhos t ’ rt ’u _ l u u r cu ’n ent s  are m e t ,  th is  t y p e  f laws arc r eatl u iv t le te c t a  hk’ I loss k i l ov oltage \ -ra y tt ’ c l i i l i u _ i  t i c ’s
I sec t ’iu _~. I 0— .~ ~ I , II ’ the tiaw is the  result of insu i ’l ’ici e nt prt ’ssure . t it e a th l t e s ive  svil h he poro u s, a s

i nd ica ted  hs t iau ’L sp ots . l ’ i it ’ lower t h e  ki lc iv o itagc au th - or t i le  th i  -k e r  or denser t lie a t l l i c ’si ’. c , t h e
iu tgi i t ’r the resolu t i on of the i’lass - i inai ~e. It  u s t h a i  med tha t , in general . t i ue f l a w si/c t te t ec t  a bk iu _~
r a t l iogr aph v is sm a l ler  th an  t h a t  t le t ec t ed by til t  ra sonics,

S/ u_ in-t v—C ore [ ‘vids at Ed ges of  (‘/ ie,nic -a llt ’ il l// le d Steps or DraiN ers . - This condi t ion occurs wi ’ien t i - ic
atlh w sive bridges or fort ’ns a gap at the edges of chemical ly m illed or l a m i n a t e d  steps or doubler s , as
shown in t’igure 10-28. This is detectable r adiographic ally as a dark line or an e l l i p t i c a l l y  shaped dark
i mage,

.-liissing Fillets . — As pressure is app lied during the bonding cycle, adhesive fillets are formed at tile
edges of each honeycomb cell, If pressure is not maintained properly or the adhesive is outdated .
weak or no fillets will  be formed. This condit ion is readily detected by X-ray by directing the
radiation at an angle of approximate ly 3Q0 to 45 0 with  respect to the centerl ine of the core or
closure web, The fillets appear r adiograp hica l ly  as dark semicirc ies or hex agons in a gray matr ix  wi th i
the cell walls forming vertical intersecting whi te  lines. Lack of fillets is indicated by the lack of
semicir eles or hexagons ( fig. 10-29 and 1 0-30) .

1

jjjjjjjjjjj .

Figure 10.24.— Failure of Foaming Adhesive to F//I (‘ore-Splice Joint
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Figure 10-25 — Radiograph Showing Area Where Foam Failed to Fill Void Between Fitting and Core
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Figure 10-26.—Radiograph of Failure of Foam Adhesive to Expand into Adjacent Cells
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Figure 10.27.— Radiograph of Flaw in Adhesive Bond/m e
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Figure 10-28.— Void at End of Doubler Due to Improper Core Fit-Up
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Figure 10-29. - - Radiograph Showing LaeA of FiI/etm n j
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Good fil let j ndàc~ted here

Figure 10-30,—Des tructive Inspection Verifying Radiograph Indications

Neutron Radiograp hy

Neutron radiography is a nond e struct iv e in spt’ch io n tec h n iu _ l tu e  s im il ar  to \— rad i og ra ph v in tha t  pent’—
t r a t i u g  r ad ia t ion  u s used to obt a in  visual  i u u la g t ’s of ’ t i - ic  in te rna l  f o r m  of an ohiet ’t. \ c u u t u u _ i n  ra di o—

~r aph~- conmplt ’menl. s X — r ; id i og r ap h ly  because ab sorption char ac eri st  it ’S of most t’k’n t’nt s are t’s’s .’n t  i .ul l ~
rever sed. I ’ hu t ’rmal n cu m I roi t s are at tt ’nu a I eu _ I by l ight  e lt ’u t i t ’n t s . \~ a r e s u l t .  it ouiu _ ics t  rut -I is C in sp ect io n
call be m.m de of h i g i t h  eh t ’n it ’nt s t’nt -ast ’d in or behi n d  hc ;u~ \ e t e i n c n m s , \t ’ u t r u _ i n s  h i g i t l i gh t  th e  au_ thesi s e
iu ia lc r i a l  r a t h u t ’r t ha u i  th e it i t ’t al l ic s t ruc tu res  seen by \ —ra ~ s , \ uit ’u t r og r apl i  oI a s oud m i t  an  atll te s iv c
b o nd hi n i ’ is shown in f i gt i r L ’ I ( ) — _~ I ,

.‘~dh t ’sivc bonding det ec t s  dct t ’t’tetl by neu t ron  r athiog rap l iv include at h tu t ’sist ’ u _ a d s  a nd poro sity ,
ab norm al au _ lh t ’siv t ’ f ’i l hets . and w .mtt ’r. .-\s ss - ith X — r ath iogr aphv .  nt’ut  ron r adio gra pht ~- w i l l  not dire ct Iv
d e t e r m i n e  bo nd s t re n g tht . however . vo ids , resin— starved , amiti  t h ick b onti l i n es show as changes in the
amount  ( mass~ of ’ t i te  adhesive.

Availa b le portab le un its usi n g ‘_ ‘ a t i forn ium ’2 5 2 are capable of ’ giving c~ ceh le n t  resul ts  wi t  h ou t
re qt liri ng special facili t ies or preparation be vont h th a t  of an ordinary \—r a)’ exa mfl i n a t io i i .  l Il t ’
l~r imary di sa ds ant a ge of ’ t lit ’ method is t h e  necessity for len gthy  expost irt ’ I i l f l t ’s ( i n the  order oh ’

20 to  30 hour s) .
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Figure 10-3 1. —Neuitrograph of Voids in Adhesive Bond/m e

h o, 2.~ l’~l)L)Y ( ‘L l R R I - N l ’

l i m e cdd t’t i rrt ’mlh in specf ion t e ch n i qu e  is ap pl ic ab ht ’ to t i l t ’ t’x amin a t io n  ot ’ e lec t r i c a l l y  t’ont tu t ’t is c
ma t er i ,u  I for t he  dt’t t ’tiiott of i r r eg u ha r i t  It ’s in the si r ul t ’ t t mr e.  Fht’se irreg ular i t ies  may be e i ther  ph~ sit ’al
or mnt’Ia litmrgk’al. l i l t ’ t t ’t’hni que i nsol v es inducing  t’tld t’urrt ’n k i n t o  h i t ’ part .  I ’lit ’ir floss’ pat  tern us
d e t t ’rm u i i i i t ’u _ h ssi t  h i a t t ’st coil and ~‘o nip ar~’st w i t h  a t e s t  standard.  Fli t ’ te t - I t n i q u t ’ is m ost ~‘fl ’~’~’t i V t ’ l ’Or

t Id ed it ’ i rrt ’g u m fa n  l i t ’s near  the  sui rf ~lt ’e . I t  can.  however . he used for grt ’a icr depths  sv ii ft  slt ’t’i’e~isi tg
- ‘t ~ - I lt t ’ gr eate s t  advan ta g e s  of th e edd current  m efhiod are ( I it can detec t ,  w i th  m i n i m u m

- - 
~‘ prep arat ion,  i r r e g t i h a r i t  it ’s cont -ea led Isv pa in t  or by ~h in embedded in a crack , and I i it  u_ l o t’s

HO, - u_ ’q mire a c simp l . i mi I.

l ’lt c eddy cur ren t  i t ie t hmod is ~ent ’ra i iy  used for t l u e  u _ ht ’t t ’ct io n oI ’ thre e t vp es of deft ’ct s  I hi t ’~~

• (‘ m a c k s

• l - ’a~ t u g surf ’at’e and i n t c r g r anuhar  corro sion

• I I~ . it  u_ h . i imi , i ~ u_ ’
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(‘racks most commonly occur I t t ’ask ’ner h t o l s ’s at pa nel edges , ‘l’ vpi cal locat ions art ’ i h h u i s t  r . t t ed  mu - i
f igure ( 1-32 .

~~~~~~~~~!!ck I~~ations~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 10-32, — Typical Locations of Cracks in Fastener Holes

I w o  inspection methods arc ava ilab l e , eit her inspt ’ch ion from the st i n tac e or insp ect ion of a hole w i t h
the  fastener removed. ‘ I he  for it ter mt’t hod is i h l us h na  ted in figure I 0— 33. It  is a s ;m t i s l ’a ct o r ~ in t ’l h o d
to detect the more gross cracks h a t i n g  a r tmi r t i ru u um lt ’ngt i m of ’ rou ghly I) , 2~ i nch. l il t ’ ~‘rj ck in a~ he
detected effectivel y to an in l e r f ’at ’t’ dep th  oh ’ 0 ,2 to 0.3 in t ’li . I’h is i ’ s dt ’pendt ’ti t on l i l t ’ p ; i r t u t ’u ha r
i ns t rument  and operating Ir equ en cv .

Inspe ction for cracks in unti tle d holes w i t h - i  a probe is i h lu s t  ma ted i i i  f i g u ir t ’ 1 0— 34 . l i l t ’ m u i e t  hou _ l  is

app licable to inspt ’ct ing the ~‘t tgu _ ’ oh ’ a panel  t ha t  la s been rt’uui o s t’d t o m ’ rep a ir . I I i i ’ s  pro cu_ ’u _ huui ’ t’ I ’. t i tor t ’
sensitive t h a n  the  above . ( rac ks w i th  l eng ths  .15 how a’s (J ,03() l i l t - I t  ma~ be u’t’ i ia l s l ~ de t t ’ct t ’d.

l : igs ur c 1 0— 3: ’ s I lO5V’s I ’ - ‘ edd current  t i i e t hto t l  bein g tised ho i u spect t ’or i nterface t’orr os u out t i nder
botly sk i t i s . I t  n i. iv also he us~t I to t lt ’tet ’t tl amagt ’ to the  mn t ’ta l  c ,t tmse t i k l i i ~’ Ii  h e a t  u_ ’\ p osure , l i i i ’ s
is acco mplished by the ins t rumt ’n t\  ab i l i t y  to dete ct  a change in I l it ’ meta l  i.~r , i in  st n t mt ’tu r t ’ aui d
cond t ie t iv i ty .

l~l uu _~ m aj or  h i i t i i t a t  ion in appl y ing t’t Iu _ lV t’t i rre nt insp ection hit ’s i i i  t h i t ’ st ay h u t ’ eddy curr en ts  . u u .‘ tmi d t u c t ’tI
i n the part .  l ’hi e small etldv current  t oil  i t iu s t  be scant et f sn’er t l t t ’ area ot ’ i n t er e s t .  ant I  m u pu - ,u~,’t ice
t l t t ’ t’ff ’ect ive i nspe ction ,i rt ’ .i ’~s ,ipp ro~ ima t eIv 3 1 (~ inch i n t l i ame tcr . lh t ’ ti me , u t  t’achi po int  m a y  s . ir\

from 31) seconds to 5 mm miles  tk’ps’nd ing on the type oh ’ rt’atl it ig and inst run ’ient being useth . I 
:~~

la rge surfaces I his means a ra ther  long insp ection t ime.  Other l i m i t a t i o n s  art ’ tha t  the specifi c na tu r e
of ’ t i l t ’ i r r egu l ar i t ie s  may not be u _ h e , ’ rI~ iden t i f ied  and inspection of ’ terrom agnt’tic mt’t .! Is us sO i l - i t ’ h i t - i t’s

tli ( ’t’it’ult .
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F i .  ‘r 10- 33 E ‘ ‘. it :  So: tart ’ E &/ ’~ t ’ij ’ ‘i’ tu t fospec t ,~ 
i,’~ for Cracks m Fastener Ho/es

I0 , . 110 WGRAP1I \ ’

h lo Io g r , iph ~ is a tu _ ’ci u n i u _ l t i t ’ by svhii c ii  i i i , t t ,~u_ ’s ,u r e u’ u_ ’~’o u i s t u ’ t i c l u _ ’d 01’ 5 k’5\ t’tI t h ro ugh t h e  u u l t u _ ’V I L ’ rdmu t ’e oh

rt ’ t5 ,’u .‘ t h t ’ ‘u_ t i l l  s t i t h t i l t ’ i i spc ’u_ ’ t i O u l  bt’, iu n ~‘i .i t u ’ a u t s u u i u t t c u _ I  s i t ’i i . uI ,  I I n s  i l a \  he op t i ca l  ,i ’s in t l i c  u _ . t ’C

ot h.isc r i mt l k l ri ’ap h s u _ u  a c o u ’ s t u e . t i  i i i  t i i t ~ ca st ’ 01 . t c o t i s t i e  h o ! t t ’ u a p h l \  -

~ t ’i l t i ’s t i ~’ II ult *gu’ap lm ~

~~ou s h t . .’ u_ l i  uui l r , t ’ s t u umu _’ imo b ~s~’r , ip I t s  u s a less iv u _ Iu _’sclopt ’u _ l t e c h n u u _ i u t’ lot u u i s p t ’c t l u l p  ho i tu _ h t ’tI s t r t I t ’ I t l l ~’ 5 .

h imu _’ st s t u _ ’ i l l  u_ ’ n u p i o ~ ‘s pul se  ech o u u h t r , i s o i t i c  t c c h l m i u t t u t ’ s .tn u _ I  h oc u sed t r a n s u _ l t i t ’ers to “ i l l u u u u t u u i a t e ” t hi t ’

i n t e r i o r  ol ,u t e s t pa r t  ss m t i t  sonu ~ l ~c , u u u i u u u u g  t h e  p , i r t  s t u r l , i c c  p r oduct ’s .u “ ho lo gr , int ” oh ’ t i i t ’ .tu u p h t t i u _ h t ’
. inst  posi t ion  m i t  ~u u t a t  u _ a u  m o u l t  re lie, ’I u_ ’l1s ss i t  l i m i t  h u t ’ p a r t .  f h t u _ ’ t’u_ ”. u i t u u l p I i o l u _ ’~ r . t i u u  us t h en  utl s t ’i t ed
m u u t  . i m l  I ’l p t u t ’.i h i u _ ’ u_ ’oul s t  k t o i ’  tom’ 5 it ’s\ u u l t ’ t i i u _~ p a u l  i f i t , ,’i ’it~ii’ ,
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Figure 1034 Edd~ ~ur,t”;t Probe 
Inspeu_ ’tio” to’ C’,i ?u_S in Fastei;e’r Holes

() pt i t ’
~~~h hlolog r zmp h~

-i~t t m t ’.i i l t o h o g u a p h \  i ’s ,i m uL ’ t l i t ’u _ l u _ S t  m ’ t ’ c O t u _ h l l l ~’ I t ’ , i i i i i s l l t t i . lc  antI p l -i.~~’ oh tilt ’ ot’~t i t . m l  ss .is e h i o n t s

r e t ’l ec t cu _ l  t r o u t .in obj ec t  such t i u . i t .  tt lt t ’ui rt ’cons tr ut ’t e u _ h . t h e s e  St .i ’ e:’ro n t s  has u_ ’ the  u~’ I , m tm ve  .iuit p I’u t t t ~h e

.imid pi t , u ’ su _’ ot t u e  or i g tu i j i  SS .IS u_ ’h r o n t s , I lu u  t’t’— u _ I t i l i u _’ R s i o t t . i b  pr op ert Ies  .ire con ta ined  j u t  t h i t ’ i m n . u g u _ ’ ot ’ th e

r~’ct~u ’ st m u _ t e d  55 ,15 ~‘t ’ron ts ,

In  p r .iu _ ’ t m t ’c .i - t ress  u s app l ied  to t i t t ~ part .t nu _ l a hi o ho g i .umim m nath c of ’ t l tu _’ ‘st ress~’d are.~, S l i g h t  u u i u _ ’scm, ’nt  01

th e  sur fac e being victs u_ ’d bs holo~m .ip h iy u _ l s u t u n g  st rc s suu ig un . m \  be detec ted  and sh ow . ts  .i u _ h e h t ’ct i i i  t h e
i~oi iu _ t t ~tl r .tr t .

l i t , ’ i m . i u u t  i i t t t i t , i t u u _~n u _i t ’ u_s p t i c . t l  I i u _ ’ l u _ ’ t’ u . u p h u s  is t l u u _’ I l t ’u _ e ’ s s t t \  It ’  i s o l , t t t ’ t i l t ’ t’ , i t t . i utd u u l s t S u_ ’,’ t u u _ l i l  s\ sI u_ ’ ! l l

h i  t l i l l  t’ \ i i  .I~ I~’ - la’, u i l & ’5 t’ u l l t ’ l l  I -
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10 ,2.8  T H E R M O G R A P H Y

Thermal inspection is usef ’uh as a means of ’ detect ing bonding d i sc on t inu i t i e s  direct ly  beneath re la t ivel y
th in ,  how th ermal cont lut ’ t iv i tv  mate rials. For therma l  inspection to he effective ,  a t emp era tu re
gradient must he establ ished in the face skij i tha t  can ti e measured or observed when the skin is heated

-j or cooled at ’ter heating. D iscont inuit ie s  appear as local temperature ch anges in the skin. ‘l’he therm ial
conduct iv i t y  d it ’I’erence between the face skins and the internah material s should ide ally be larg e for
the temperature  changes 10 be monitored in real time. I hese changes tnav be detected by an infrared
m lloni t Or or by test techniques emplo y ing substances that , when appl iet l to t h e  test surtace . Uil dergt)
phy sical or chemical changes in response to the temperature changes. The lat her include: ch olesleric
l i quid  crystals . I herm al ly quenched phosp h ors . the rm: i ih ~ sensit i t t ’ papers coated w i t h  orga t h e  p igm l t t ’nts

tha t  melt  ov e r  a s itta ll  temperature  interval , papers coated wi th  a thermoplastic f ’ilm conta in ing  micro—
scopic ai r bubbl es . P~IP Ct 5 coated wi th  the rmal l y sensitive t lye precur sor s . anti spra y—applied t lve
prect irsors ,

The liquid crystals and processe s which prod uce thermally induced t lye reactions have more practical
application in bond inspection , The li quid crystals respond rapidly and reversibly to transient
temperatur e ch anges and , when used by carefully trained personnel , they may he effective in conduct-
ing tests on relatively small areas. Large area inspection oh ’ flat or simply cttrved bonded structures is
most easily performed thermally using temperature sensitive papers held by vacuum or adhes ive backin g
against the test surface. The full-size thermograph obtained by this method is easily interpreted and
may be preserved as a permanent record.

10.2. 9 ACOUSTIC EMISSION

In some instances, acoustic emission techni ques have been more effective than X-ra . eddy cttr rent.
or conventional ultrasonics in detec ung internal metal  corrosion and moistur e-degradetl a hhi e s ive in
honeycomb panels. The principle is based on the detection of sound- or stress-wave signals
created by a material undergoing some physical or mechanical transformation. TI-ic equipment
consists basically of an amplifier and a piezoe lectric sensor with -i a resonant frequency in th e low
ultrasonic range ( 1 75 kHz). The emission level is recorded on a chart or meter. A visible light
indicates when a predetermined emission threshold has been exceeded.

The process of scanning the inspection area is shown in figure 1 0-36. Simple heatin g methods
employing a hot-air gun or heat lamp are used to increase emissions from active corrosion sources,
and to create the stresses necessary to break moisture-degraded adhesive bonds ,

Corrosion in a luminum honeycomb that was detected by acoustical emission is shown in figure
10-37. Figure 10-38 shows an area th at  was detected where moisture had destroyed the adhesive
bond to the honeycomb core. This defective area was not detected by previous X-ra y inspection
because of the lack of s tandin g  water in the honeycomb.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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\ t ’ f m j a i  iu ) sp u _ ’ c t u o m t  r esu lt s  h i a t t ’ sh io wu t  t i l . i t  com r os iu _ ’ m u c . i u i  h~’ u _ l e t e u _’ted h i i . i t  h m u _ , m h l y  mmu I iomiu _ ’~ u_ ’o mt t b t ’.m m tu _ ’ls
to ,i t I e p hI l  u _ i t ’ ~ l u _i  .i um ’ .’ h i u _ ’s , ( ‘ u _ S r i u _ i ’s u u _ l u l  iu:ms beu _ ’m t s t i u _ ’c e s s lu ih i \  i i t u _ S i t i t o l ’ u_ ’ u_ i u_ ’ l t  h u t ’ I h I I iu~m u - ’ ou t t . i i
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Figure 10-36. —Acoustic Emission Hand St -an Technique Uw~q A ETC Moe-Jo ! 201 Signal Processor
and Hot Air G u n  Heating
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Figure 10 37.— Corrosion in Aluminum Honeycomb Core

Detected by Acoustic Emission
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Figure 10-38 -. Moisture .Oegrdded Area Detected by Acoustic E,niss#o,,
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The techniq . - . used to detect corrosion in aluminum honeycomb struc ture has been described by
T. W. Rett ig and M. J . Felsen in “Acoustic Emission Method for Monit oring Corrosion Reactions ,”
MACE Journal , March 1974. This technique is briefly outlined below. However , a more precise
procedure is being formulated 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 formati on
of hydrogen bubbles is responsible for this emission rate. An amplificat ion of 90 to 100 db will
permit monitorin g this emission and therefore the detection of corrosion. The tools necessary
to conduct this test are an Acoustic Emission Technology Corporati on Model 201 Signal Processin g
System and a hot air gun. The panel to be tested is heated to about 65° C (150° F) by holding

the hot air gun within 2-3 inches of the surface of’ the panel for about 15 seconds. The acoust ic
emission sensor is placed a short dista nce from the heated spot. The detect or is held in position
for I 5 to 30 ceconds after heatin g to obtain a complete record of any emission in the heated
area. The inspection is carried out on a 1 5cm (6 inch) grid. An important consideration durin g
the test is how the acoustic emission detector is held against the part sur face. Since movement
of this detector can produce apprecia ble noise , care must be exercised in its placement and holding.
For this reason this test must be conduct ed by qualified NDE personnel.

H i  
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