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1. SCOPE

This Aerospace Recommended Practice (ARP) describes methods of vacuum bagging, a process used to apply pressure
in adhesive bonding and heat curing of thermosetting composite materials and metalbond for commercial aircraft parts. If
this document is used for the vacuum bagging of other than thermosetting composite materials and metalbond, the fitness
for this purpose must be determined by the user.

The methods shall only be used when specified in an approved Repair Document or with the agreement of the Original
Equipment Manufacturer (OEM).

1.1 Purpose

The purpose of this ARP is to provide a set of standard methods for the bagging of thermosetting composite and
metalbond materials that may be referenced in Repair Documents produced by airlines or airframe and engine
manufacturers. It is intended that this ARP be one of a number of ARPs that will cover other aspects of the techniques
required to perform composite and metalbond repairs.

2. REFERENCES
2.1 Applicable Documents

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

2.1.1  SAE Publications

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

AIR4844 Composites and Metal Bonding Glossary

AIR5431 Repair Tooling

ARP4916 Masking and Cleaning of Epoxy and Polyester Matrix Thermosetting Composite Materials
ARP4977 Drying of Thermosetting Composite Materials

ARP4991 Core Restoration of Thermosetting Composite Repairs

ARP5144 Heat Application of Thermosetting Composite Repairs

ARP5319 Impregnation of Dry Fabric and Ply Lay Up

2.1.2 Other References
Original Equipment Manufacturers (OEM) Manuals
2.2 Definitions

All terms used in this ARP are defined in AIR4844.
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3. GENERAL

The vacuum bagging procedure is an integral part of fabricating adhesive bonded composite and metalbond repairs.
Bagging refers to the sealing of the repaired area by enclosing it in an impervious plastic film. Air can then be evacuated
from within the bag to create pressure upon the repair materials.

For the vacuum bag cure, heating may be applied with heat blankets, heat lamps, hot air, or by placing the assembly in an
oven or autoclave.

4. MATERIALS AND INSTALLATION PROCEDURES FOR BAGGING OPERATIONS

This section describes the materials needed to carry out the different types of bagging operations. The intention of this
section is to describe materials generically in sufficient detail to allow a suitable commercial product to be purchased, and
to describe the proper installation techniques, function and potential problems of each of the vacuum bag materials. It is
not intended that the information provided be biased to any particular manufacturer and no commercial product is
recommended in preference to any other. All materials used should be capable of withstanding temperatures at which
cure is required.

It is assumed that the repair materials have already been applied. It is recommended that this section be referred to when
following the instructions for proper installation using the methods of vacuum bagging in 8.1 through 8.8 and Figures 9
through 15.

When handling all repair materials suitable gloves must be worn for the operator's safety and to prevent contamination of
the repair.

All vacuum bagging fabrics, films, and tapes need to be kept dry to prevent adding moisture to the repair. The storage
environment needs to be non-contaminating, dust and oil-free. Protect materials from exhaust fumes, soot, oils, sprayed
silicone, mist, rain, or other obvious particulate contaminates. If there is a risk of contamination, envelope bag the
materials in a sealed bag or store in a covered container.

4.1 Fabrics

Note that some vacuum bagging fabrics are capable of more than one use inside and outside of the vacuum bag. Check
with the material manufacturer or OEM to verify the uses and limitations of various fabrics.

411 Peel Ply

A layer of open-weave material, usually polyester or heat-set nylon, applied directly to the surface of an uncured lay-up. It
protects the surface from contamination during subsequent operations. It is preferable to leave the peel ply on until it is
removed from the cured laminate immediately before further surface preparation, bonding or painting of the repair.

NOTE: In some applications it is possible to bond directly to the surface after the peel ply has been removed, however
further surface preparation usually is required prior to subsequent bonding or painting operations. Make sure that
any materials placed in contact the repair materials are an approved contact material for the cure temperature

Dry peel ply may also be used as a light weight breather between release film, heat blankets and caul plates if applicable.

Peel ply is available pre-impregnated or dry. Refer to ARP5319 for information on the use of peel ply with wet lay up
repairs. Refer to OEM recommendations or the Repair Document for suitable peel ply.

CAUTION: Do not use release fabrics (peel ply with an added release agent), on a surface where a subsequent bonding
operation will occur. We know that release agents in all circumstances result in weaker bonds.

4.1.1.1 Installation and Removal of Peel Ply

When applying peel ply on complex contours, remove all wrinkles. If necessary, cut and overlap the plies to prevent
wrinkles. The peel ply will release easily from the repaired area after cure. To remove peel ply, carefully lift one corner and
pull the peel ply back over itself. A sharp knife or a single edged razor blade may be used to start @cvméﬂtg

begin removal. Use caution to avoid damaging the composite plies below the peel ply. ]
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4.1.2 Bleeder Cloth

Bleeder cloth consists of a woven fabric or non-woven mat. It is used in single or multiple layers that are placed over the
perforated release film to allow the passage of air or gases and to absorb any excess resin. It can also be placed around
the edge of the laminate or repair to provide an edge bleed. Some lay-ups, especially those using net resin prepreg
materials, do not require bleeding, and do not require bleeder plies.

It is important to note that the number of bleeder plies, in combination with the selected bleeder cloth, peel ply and/or
perforated release film, will have a direct effect on the resin content of the cured component. Too few plies of bleeder
cloth may result in a resin rich repair, too many plies of bleeder cloth may result in a resin starved repair.

There are two ways to bleed excess resin from a laminate, vertical and horizontal. Vertical bleed can be accomplished
with the assembly bleeding through the top surface. Horizontal bleed is known as the Squeeze Out Method. If performing
the Squeeze Out Method, edge bleeder is used to absorb excess resin. Refer to ARP5319 for more information.

4.1.2.1 Installation of Bleeder Cloth for Edge Bleed

Place several narrow strips of bleeder cloth around the periphery of the lay-up. Overlap the strips of bleeder material
approximately 1.5 inch (38 mm) to create a continuous border or window frame around the repair area. In an edge bleed
repair this bleeder material also acts in conjunction with a ventilation channel as an edge breather.

4.1.2.2 Installation of Bleeder Cloth for Vertical Bleed

Bleeder cloth should be placed smoothly over the assembly with as few wrinkles as possible and laid flat against the
contour of the component. If bridging is a possibility (see Figure 1), it may be necessary to splice bleeder cloth to maintain
full contact with the component. Cut the cloth into two pieces and overlap approximately 0.5 inch (13 mm). If the overlap is
too small, a gap may be created due to movement when the vacuum is applied. This can interrupt the vacuum path. Use
small pieces of high temperature tape or flashbreaker tape to hold the overlapped edges together. Tape can also be used,
if needed, to hold bleeder cloth in place. In no case should the tape be allowed to pass under or over the vacuum bag
sealant tape. Do not allow the bleeder cloth to touch the vacuum bag sealant tape. Bleeder cloth fibers across the sealant
tape can cause leaks.

4.1.3 Breather Cloth

Breather cloth consists of a woven fabric or non-woven mat. It is used in single or multiple layers that are placed inside
the vacuum bag to provide a continuous vacuum path to remove the air initially inside the bag. Breather cloth is also used
to prevent excess resin from clogging vacuum ports, lines, valves, etc.

In unheated areas of the repair, sisal or polyamide nylon rope can be placed around the periphery of the vacuum bag to
provide a low air resistance ventilation channel to minimize vacuum drop across the vacuum bag. A ventilation channel is
necessary in edge bleed vacuum bags to improve the resin bleed from the edge of the repair.

4.1.3.1 Installation of Breather Cloth

Breather cloth should cover the entire area under the vacuum bag to ensure a good vacuum path. It should be placed
smoothly over the assembly with as few wrinkles as possible and laid flat against the contour of the component. Additional
breather cloth should be placed on all sharp areas where the vacuum bag could be punctured. An additional technique of
ensuring a good vacuum path is to place an open weave material or edge breather around the periphery of the repair
area.

If bridging is a possibility (Figure 1), it may be necessary to splice breather cloth to maintain full contact with the
component. Cut the cloth into two pieces and overlap a minimum of 1 inch (25 mm). If the overlap is too small, a gap may
be created due to movement when vacuum is applied. This will interrupt the vacuum path. Use small pieces of high
temperature tape or flashbreaker tape to hold the overlapped edges together. Tape can be used if needed to hold
breather cloth in place. In no case should the tape or breather cloth be allowed to pass under or over the vacuum bag
sealant tape. Do not allow the breather cloth to touch the vacuum bag sealant tape.

Additional layers of breather cloth may be used as insulation plies. They can be placed under or pbteteumgh
film. The number of insulation plies will vary depending on the ambient temperature, and th¢: rejjuired cure temperature. Tt
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is important to note that the number of layers of breather cloth under the vacuum bag, can have a direct effect on the
compaction of the repair. Too many layers of breather cloth may result in reduced compaction.

Bridging of a ply inside,
the vacuum hag
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Incorrect condition
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Overlap prevents
bridging of plies inside
the vacuum hag

XX KKK

Correct condition

42
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Figure 1 - Comparison of bridged plies (incorrect condition) versus unbridged plies
(correct condition)

4.2 Films

Note that some films are capable of more than one use inside the vacuum bag. Check with the material manufacturer or
OEM to ensure that the film to be used is suitable for the application.

421 Release Film

Release film is a permeable or impermeable layer of film that does not bond to the resin being cured. The most common
films available are modified halohydrocarbons, PVF, PTFE coated fiberglass cloth (porous and non-porous), polyester,
and Fluorinated Ethylene Propylene (FEP). FEP films are used as release films for all types of epoxy resins and are light
weight and easily conformable although the ability of the thinner films to stretch can make them difficult to apply to flat
surfaces without wrinkles.
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4.21.1 Perforated Release Film

Perforated release film, also known as porous parting film, or separator, is placed between the repair plies (or peel ply, if
used) and the bleeder cloth. This allows for gas flow and resin bleed out through the film, and prevents the bleeder plies
from bonding to the repair plies during the cure cycle It is important to note that the kind of film selected (hole size and
type of perforations, as well as perforation spacing) in combination with the choice of bleeder cloth has a direct effect on
the resin content of the cured component (see 4.1.2).

4.2.1.2 Non-Perforated Release Film

Non-perforated release film, also known as non-porous or solid parting film or separator, is placed over the bleeder plies
and is intended to stop resin flow from bleeder plies into the breather cloth layers. It is to be spliced or otherwise
overlapped wide enough to prevent bleed-through of the resin or adhesive into the breather plies. Non-perforated release
film is also used as a barrier to stop excess resin from bleeding onto heat blankets and caul plates when they are used.

4.2.2 Installation of Release Film

The films should be placed smoothly over the whole surface. Use cuts and overlaps as necessary to avoid wrinkles, gaps
or bridging at transitional changes in the assembly (Figure 1). If the release film has not been placed completely against
the contour of the assembly, all successive plies (bleeder, breather, etc.) will have the same bridging condition causing a
questionable result. Keep overlaps small and use small, narrow pieces of tape on the splices to minimize covering of the
holes in the perforated release film.

Release films should be applied to maintain full contact with the configuration of the repair during the cure cycle and cover
any uncured resin or adhesive.

4.3 Bagging Film

An impervious plastic film such as nylon or PVF that covers the repaired area or completely envelopes the entire part (and
the tool if used) and is sealed at the edges so that vacuum can be applied. The bagging film most typically used is 0.002
to 0.004 inches (0.05 to 0.1 mm) in thickness. Using a thicker gauge of film allows less opportunity for punctures on
complex shapes. Use caution when handling the bagging film, avoid wrinkling when possible. Use caution when using
sharp-edged tools to avoid cutting the bagging film.

Nylon bagging film is hygroscopic, allowing moisture from the air to be absorbed into the film. When the film is exposed to
a humid environment it is more pliable and less likely to crack during bag fabrication. If brittle material is used the bagging
film may rip or tear. Ideal conditions are 50 to 70 °F (10 to 21 °C) and 40 to 60% relative humidity.

Be aware of the temperature limitations of vacuum bagging film. Check with the manufacturers recommendations for use.
4.3.1 Installation of Vacuum Bagging Film

(Figures 2, 3 and 4) There are several approaches that may be taken to bag the repaired area. If the area being repaired
is small compared to the size of the part, it may be possible to seal only the area around the repair to the part surface.
This is known as a surface bag. For large repairs or high temperature cures especially on honeycomb sandwich parts or
when using an oven or an autoclave, an envelope bag enclosing the entire part (Figure 2) or the bagging of the whole part
to a tool, is recommended.

Envelope bagging of hollow parts is not recommended due to the potential for crushing and highly curved or flexible parts
will need a support tool in order to maintain the part contour. Contact the OEM for further information.

Vacuum bagging film should be cut large enough to allow for movement under pressure and to allow for making tucks or
pleats (Figure 3). For large or highly contoured parts, an adequate amount of vacuum bagging film will be approximately
1.5 times the length and width of the area to be covered by the vacuum, with 1.0 to 2.0 inches (25 to 50 mm) of vacuum
bag film extending over the vacuum bag sealant tape. After removing the paper backing from the vacuum bag sealant
tape, care must be taken to position the film evenly around the periphery of the repaired area.
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Seal the vacuum bag film at a minimum of four places equally spaced around the repair area. Work from one side to the
next making tucks (or pleats) and sealing the film to the surface. Tucks are necessary to prevent bridging and distortion of
the part and must be used at all contour changes of the part and/or tool (figure 4)Tucks are used at all abrupt contour
changes and on highly contoured parts to avoid bridging (Figure 4). To seal a tuck, the film should be pulled away from
the repair and a piece of vacuum bag sealant tape placed in the fold. The vacuum bag film material should be pressed
firmly onto the vacuum bag sealant tape to obtain an air-tight seal. If the vacuum bag film pulls on the sealant tape or
bridges, the bag may be too small, or the tucks incorrectly positioned.

Vacuum bag film

Vacuum bag
sealant tape g Vacuum port

Breather

Other bagging
material as
applicable per
Figure 9, 10, |
11,12, 13 or

14

Repair plies

Part

Vacuum bag
sealant tape

Support tool

Figure 2 — Envelope bag
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Fold formed in
Vacuum bag sealant tape vacuum bag film

NOTE:
It is optional to enclose the breather into the fold of the
vacuum bag film when you make the tuck.

Figure 3 - Typical vacuum bagging film tuck or pleat

Put tuck around >
curved edges

Put a tuck at sudden
thickness changes

Typical part requiring
envelope bagging

Figure 4 - Typical tuck locations
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4.4 Tapes

Note that some tapes are capable of many uses both inside and outside of the vacuum bag. Check with the material
manufacturer or OEM to ensure that the tape to be used is suitable for the application.

4.4.1 Vacuum Bag Sealant Tape.
NOTE: Do not use silicone based pressure sensitive adhesive tapes above room temperature within the vacuum bag.

A semi-cured plastic material having the tackiness to hold and seal the bagging film during the cure cycle. It comes on
rolls with one side covered with backing paper. Sealant tape is the sealing medium between the vacuum bag film and
either the tool surface or the periphery of the repair area. Use the vacuum bag sealant tape designed for the temperature
and pressure required or as called out by the Repair Document. Be aware of temperature limitations of some tapes.

4.4.1.1 Installation of Vacuum Bag Sealant Tape for a Surface Bag

Prior to applying vacuum bag sealant tape to the periphery of the repair area or the tool surface, the surfaces should be
cleaned per ARP4916, Composite Cleaning method 3, 4, or 5.

NOTE: Do not touch the sealant tape, you will contaminate the tape, this will make it difficult to meet the leak check
requirements.

Place the vacuum bag sealant tape, approximately 6 inches (150 mm) beyond the largest repair ply unless otherwise
specified in the Repair Document. The best technique is to apply the sealant tape in one continuous strip; turning it at
each corner pressing firmly with your thumb or palm of your hand. When applying sealant tape, be careful not to stretch
the tape, as this may cause the bagging film to gather and bunch up when tension is released. Keep the paper backing on
to prevent the sealant tape from stretching during application, and to keep it clean from contaminants to avoid a leaky
bag. The paper backing should not be removed from the sealant tape until you are ready to apply the vacuum bag film.

Where sealant tape ends meet, the two strips should overlap (Figure 5). Do this by peeling the paper back from the
sealant to be crossed and lay the second strip over the bared sealant.

4.4.1.2 Installation of Vacuum Bag Sealant Tape for an Envelope Bag

To make an envelope bag, apply the vacuum bag sealant tape around the periphery of the vacuum bag film approximately
2.0 inches (50 mm) from the edge of the film using the same method as described in 4.4.1.1 above.

When the bag is ready to be sealed the bagging film is folded around the part (and the tool, if used) to completely enclose
the part. The vacuum bag sealant tape is pressed together (see Figure 2).

£ Z 2
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