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(57) ABSTRACT 

A System and method for vacuum bag assembly fabrication 
via the vacuum bag method that reduces the amount of 
trapped air. The inventive System includes a chamber 
adapted to contain a vacuum bag and first and Second 
evacuating mechanisms. The first evacuating mechanism 
Serves to evacuate the bag and vent to atmosphere. The 
Second evacuating mechanism Serves to evacuate and vent 
the chamber to atmosphere. Thus, generally, the inventive 
method includes the Steps of placing a vacuum bag lay up in 
an air tight chamber; and evacuating the vacuum bag lay up 
and the air tight chamber at the same time. In practice, the 
assembly would consist of at least two components and a 
heat curable composition. The components can be parts to be 
bonded together or layers of cloth to be made into a 
laminate. In this case, the heat curable composition would be 
a catalyzed adhesive or resin. 
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SYSTEMAND METHOD FOR WACUUM BAG 
FABRICATION 

STATEMENT REGARDING FEDERALLY 
SPONSORED R&D 

0001. This invention was made with Government support 
under Contract No. F33657-91-C-0006 awarded by the 
Department of the Air Force. The U.S. Government has 
certain rights in this invention. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003) This invention relates to the field of adhesive 
bonding and laminating. Specifically, the present invention 
relates to Systems and methods for bonding and laminating 
using atmospheric preSSure, commonly known as Vacuum 
bagging. 
0004 2. Description of the Related Art 
0005 Vacuum bagging is one of a variety of methods 
used for the bonding and laminating of manufactured parts. 
Generally Speaking, the part being bonded or laminated is 
Surrounded by an airtight membrane or diaphragm; a 
Vacuum is pulled on that membrane; and the Surrounding 
preSSure forces the membrane tightly to the part. Once the 
part is vacuum bagged it is allowed to cure for a specific 
period of time depending on its composition. Curing can 
take place in an oven, autoclave, at room temperature or in 
a mechanical press. 
0006. In adhesive bonding two parts are assembled with 
a layer of uncured adhesive between them. Typically, a film 
adhesive is used. The process then applies atmospheric 
pressure (up to 14.7 psi, depending on altitude). The pres 
Sure forces the adhesive layer and the parts into intimate 
contact thus ensuring good bonds. The vacuum draws out 
Some Volatiles and trapped air, resulting in a low Void 
content. Both help to improve resin flow. Vacuum bagging 
produces Strong parts with little air entrapment. The proceSS 
is adaptable to complex, three-dimensional shapes thus 
eliminating the need for expensive matched-die molds and 
preSSeS. 

0007 All vacuum bags are constructed in essentially the 
Same way. Before starting a release agent is applied to the 
tool. This may be a liquid release coating, a wax, or even a 
solid barrier such as Teflon(R) R tape. When applying the 
release, the edges of the tool must be masked So the bag 
sealant tape (BST) will stick to the tool. 
0008 BST is a putty-like material, which comes in rolls, 
usually '72 inch wide, with a release paper on one Side. The 
tape is pressed against the tool, leaving the release paper on 
until it is time apply the bag. The tape usually goes on after 
the assembly to be bonded is placed on the tool. 
0009. Once the assembly is in place the bag is applied. 
The first item to go down is a peel ply, which is optional. 
Peel plies are a tightly woven fabric, often nylon, usually 
impregnated with Some type of release agent. The peel ply 
may stick to the assembly, but it will pull away without too 
much difficulty. For adhesive bonding, the peel ply is 
typically a Solid sheet. 
0010. After the peel ply comes a layer of release film. 
This is a thin plastic, which has been treated so it will not 
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bond to the laminate. It is highly stretchable So it can 
conform to complex geometries. 
0011. At least one layer of bleeder cloth goes above the 
release film. Bleeder is a thick, felt-like cloth. It provides a 
continuous air path for pulling the vacuum. If the bag 
Wrinkles against the hard assembly, it will trap air. The 
breather prevents this from happening. 
0012. The bag is the last item to be placed. It is a 
relatively thick plastic layer, available in different amounts 
of conformability. The bag is usually applied along one edge 
at a time. One Starts at one corner and presses the bag into 
the BST, removing the release paper from the tape as one 
moves along the edge. It is important to be careful not to get 
any wrinkles in the bag or it will leak. Pleats are be required 
for anything but flat or Simply curved Structures. The bag 
may be heat sealed instead of using the BST. 
0013 Finally, a vacuum port is installed through the bag. 
The base of the port goes inside the bag. A Small croSS is cut 
in the bag for the attachment flange to fit through. If the tool 
has an area for the port, there must be a breather path from 
the port to the part. If the port goes on the part itself, Several 
layers of breather are placed under the port to prevent 
print-through. 
0014 While vacuum bagging is a good and inexpensive 
method of fabricating adhesively bonded assemblies, 
because of the relatively low preSSures employed, a fairly 
thick bond line results and air can still be trapped in the bond 
line. 

0015 The main aim of adhesive bonding is to produce 
durable adhesion of one part to another via a layer of 
adhesive. Ideally, the parts should not be separable from 
each other for the life of the assembly. However, good 
adhesion makes rework difficult. If the adhesion is too good, 
it may not be possible to disassemble the parts even with 
heating of the adhesive. 
0016 Hence, a need remains in the art for (1) a system or 
method for performing the vacuum bag process which 
reduces the amount of trapped air and (2) a System or 
method for providing adequate adhesion while ensuring that 
the assembly can be easily reworked. 

SUMMARY OF THE INVENTION 

0017. The present invention is a system and method for 
Vacuum bag assembly fabrication via the vacuum bag 
method that reduces the amount of trapped air. The inventive 
System includes a chamber adapted to contain a vacuum bag 
and first and Second evacuating mechanisms. The first 
evacuating mechanism Serves to evacuate the bag and vent 
to atmosphere. The Second evacuating mechanism Serves to 
evacuate and vent the chamber to atmosphere. 
0018. In practice, the assembly would consist of at least 
two components and a heat curable composition. The com 
ponents can be parts to be bonded together or layers of cloth 
to be made into a laminate. In this case, the heat curable 
composition would be a catalyzed adhesive or resin. 
0019. Thus, generally, the inventive method includes the 
Steps of placing a vacuum bag lay up in an air tight chamber; 
and evacuating the vacuum bag lay up; and evacuating the 
air tight chamber. It is important that the vacuum bag lay up 
and the air tight chamber be evacuated at the same time. 
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0020. In a more specific embodiment, the inventive 
method includes the following Steps: 

0021 a) making a vacuum bag lay up via Standard 
techniques, 

0022 b) placing the vacuum bag lay up in an air 
tight chamber; 

0023 c) evacuating the vacuum bag lay up and the 
air tight at the same time; 

0024 d) maintaining vacuum on the vacuum bag lay 
up and the air tight chamber for a first short period, 
preferably around 30 minutes although the range is 
from 20 to 30 minutes venting the chamber to 
atmosphere; 

0025 e) maintaining vacuum on the vacuum bag lay 
up for a Second short period, preferably around 10 
minutes, although the range is from 8 to 12 minutes, 

0026 f) moving the vacuum bag lay up to an oven 
while maintaining vacuum, 

0027 g) curing the curable composition; 
0028 h) venting the vacuum bag lay up to atmo 
Sphere; and 

0029) i) removing the assembly from the vacuum 
bag lay up. 

0030 Curing may be accomplished by Subjecting the 
curable composition to Sufficient heat for a Sufficient time to 
effect a complete cure with optimum interlaminar bond 
Strength. This is the Standard method. Adhesive and resin 
manufacturers always provide the optimum cure Schedules 
for the materials they provide. However, in an improvement 
on the Standard method, which provides for easy reworking 
of the assembly via producing less than optimum interlami 
nar bond strength, especially an assembly of bonded com 
ponents, the temperature is increased at a fast rate to 
Specification cure temperature. The preferred rate is about 
8-12 C. per minute. The double vacuum bonding method 
disclosed herein results in nearly void free bond lines. This 
enables utilization of adhesive joints with lesser Strength 
adhesives or with thinner bond lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.031 FIG. 1 is a cross sectional diagram of a typical 
Vacuum bag. 
0.032 FIG. 2 is a schematic diagram of the use of a 
typical vacuum bag used in laminating. 
0.033 FIG. 3 is a schematic diagram of the use of a 
typical vacuum bag used in adhesive bonding. 
0034 FIG. 4 is a schematic diagram of the apparatus 
used for double vacuum bonding in accordance with this 
invention. 

0.035 FIG. 5 is a schematic diagram illustrating move 
ment of the vacuum bag lay up from the double vacuum 
apparatus to the curing oven in accordance with this inven 
tion. 

0.036 FIG. 6 is a schematic diagram of an alternate 
evacuation System for double vacuum bonding in accor 
dance with this invention. 
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DESCRIPTION OF THE INVENTION 

0037. While the present invention is described herein 
with reference to illustrative embodiments for particular 
applications, it should be understood that the invention is not 
limited thereto. Those having ordinary skill in the art and 
access to the teachings provided herein will recognize 
additional modifications, applications, and embodiments 
within the scope thereof and additional fields in which the 
present invention would be of Significant utility. 

0038 FIG. 1 illustrates construction of a typical vacuum 
bag lay up 10. A layer of release agent 14 is placed on the 
tool 18. The assembly 22 is placed on top of the release 
agent 14. On top of that is placed a tear ply 26 (if needed), 
a release film 30 and a bleeder 34. Sealant 38 is laid around 
the assembly 22 at the edge of the tool 18. The bag 42 is laid 
over the entire assembly and finally a vacuum fitting 54 is 
installed through the bag 42. 
0039 The lay up 10 just described is generic. It can be 
used for lamination of composite materials or adhesive 
bonding of Several parts. Lamination, as illustrated in FIG. 
2, is accomplished, for example, with layers of cloth impreg 
nated with a catalyzed resin 48. When the lay up 10 is 
finished, the bag 42 is evacuated, for example with a vacuum 
pump, connected to the vacuum fitting 54, and the whole 
evacuated assembly placed in an oven or Similar appliance, 
where heat may be applied to effect curing of the resin. After 
curing, the bag 42 is vented to atmosphere and the lay up 10 
disassembled. Connection of the bag 42 to vacuum and 
atmosphere is accomplished by means of an appropriately 
designed manifold 58 incorporating several valves 62. 

0040 Adhesive bonding, as illustrated in FIG. 3, is 
accomplished, for example, by appropriately cleaning the 
parts 46a, 46b and assembling them with a layer of catalyzed 
adhesive 50 between them. The adhesive 50 is typically 
supplied as a film. When the lay up 10 is finished, the bag 
42 is evacuated, for example with a vacuum pump, con 
nected to the vacuum fitting 54, and the whole evacuated 
assembly placed in an oven or similar appliance, where heat 
may be applied to effect curing of the adhesive 50. After 
curing, the bag 42 is vented to atmosphere and the lay up 10 
disassembled. Connection of the bag 42 to vacuum and 
atmosphere is accomplished by means of an appropriately 
designed manifold 58 incorporating several valves 62. 
0041 Bond lines produced during adhesive bonding 
using the vacuum bag process are typically 98-100% bond 
free. Those familiar with the art to which this invention 
pertains will realize that the above description is merely an 
outline of the prior art and there are many details that are 
developed when making use of the vacuum bag process to 
fabricate any particular assembly 22. 

0042 FIGS. 4 and 5 illustrate the improvement repre 
sented by this invention over the prior art. While FIG. 4 
illustrates this improvement applied to adhesive bonding, 
this improvement is equally applicable to lamination. AS in 
the prior art the parts 46a, 46b are cleaned and assembled 
with a layer of catalyzed adhesive 50 between them. Then 
the vacuum bag lay up 10 is made in accordance with the 
previous descriptions. In this invention, when the vacuum 
bag lay up 10 is finished it is placed in a chamber 66 that is 
capable of also being evacuated. Then bag 42 and the 
chamber 66 are evacuated. Evacuation can be performed 
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Simultaneously or the bag 42 can be evacuated first. Vacuum 
is maintained on both 42, 66 for a time, for example 30 
minutes, and then the chamber 66 is brought to atmospheric 
preSSure. This configuration is held for another period, for 
example 10 minutes, and then the bag 42 and its contents are 
moved to an oven 78 or Similar appliance, where heat may 
be applied to effect curing of the adhesive 50. Depending on 
the size and weight of the lay up 10, moving may be 
accomplished manually or via a wheeled device 74, Such as 
a gurney. The bag 42 may be disconnected from the vacuum 
pump for the move as long as vacuum is maintained. Those 
familiar with the vacuum arts will recognize that this is 
Simply accomplished via appropriate valves and quick dis 
connects. After curing of the adhesive 50, the bag 42 is 
vented to atmosphere and the lay up 10 disassembled. 
Connection of the bag 42 and chamber 66 to vacuum and 
atmosphere is accomplished by means of an appropriately 
designed manifold 70 incorporating several valves 62. 
Although a combined evacuation system 70 is illustrated on 
FIG. 4, it will be obvious to those most familiar with the art 
to which this invention pertains, that two evacuation SyS 
tems, one for the bag 42 and one for the chamber 66, could 
alternatively be employed. Such an alternate evacuation 
system is illustrated in FIG. 6. Bond lines produced by the 
improved process of this invention are typically 98% void 
free. 

0.043 Another aspect of this invention is the ability to 
produce a bond that is amenable to reworking. Normally, 
heating to a specific temperature for a specific time cures 
adhesives. For example, the manufacturer's recommenda 
tion for curing Arlon ThermalBond NP, a silicone adhesive 
manufactured by Arlon, Inc., Bear, Del., is 5-10 minutes at 
100-150° C. When cured at this cure schedule, the adhesive 
typically develops a lap shear strength of 200-300 psi. In the 
improvement of this invention, the adhesive is raised to a 
Specific temperature at a specific ramp rate and then held at 
that temperature for a specific time. It has been found that, 
with Arlon Thermal Bond NP, raising the bond line tempera 
ture from room temperature to 100-125 C. at a rate of 7-12 
C./minute and maintaining temperature for 10-20 minutes 
produces lap shear Strengths in the range of 130-185 psi. A 
programmable oven 78 is required for this aspect of the 
invention. AS can be seen, the lap Shear Strength developed 
by use of this invention is less than manufacturer=S Speci 
fication. Subsequent testing of this invention with actual 
parts showed that the parts could be easily disassembled 
with no damage. In other words, this method yields a proceSS 
by which parts are easily reworkable. 
0044) It is therefore intended by the appended claims to 
cover any and all Such applications, modifications and 
embodiments within the Scope of the present invention. 
0045. Accordingly, 

What is claimed is: 
1. An improved System of vacuum bag fabrication, Said 

System comprising: 

a chamber means adapted to contain a vacuum bag; 
a first evacuating means for evacuating and Venting Said 
Vacuum bag to atmosphere; and 

a Second evacuating means for evacuating and venting 
Said chamber to atmosphere. 
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2. The invention of claim 1 in which said first and second 
evacuating means are combined. 

3. A System for fabricating an assembly of at least two 
components and a heat curable composition, Said System 
comprising: 

a vacuum bag lay up; Said lay up including Said compo 
nents and Said curable composition; 

an air tight chamber; 
a Second evacuating means for evacuating and Venting to 

atmosphere Said vacuum bag lay up and Said air tight 
chamber; 

a curing means for curing Said curable composition; and 
a moving means for moving Said vacuum bag lay up from 

Said air tight chamber to Said curing means. 
4. The invention of claim 3 in which said first and second 

evacuating means are combined. 
5. The invention of claim 3 in which said components are 

fabrics and Said heat curable composition is a catalyzed 
resin. 

6. The invention of claim 3 in which said heat curable 
composition is a catalyzed adhesive. 

7. The invention of claim 3 in which said curing means is 
capable of Subjecting Said curable composition to Sufficient 
heat for a sufficient time to effect complete cure with 
optimum interlaminar bond strength. 

8. The invention of claim 3 in which said curing means is 
capable of: 

increasing temperature at a fast rate to cure temperature 
for Said curable composition and maintaining Said cure 
temperature for a Sufficient time to effect complete 
CC. 

9. The invention of claim 8 in which said fast rate is about 
8-12 C. per minute. 

10. A method of fabricating an assembly comprising the 
Steps of 

placing a vacuum bag lay up in an air tight chamber; and 
evacuating Said vacuum bag lay up and Said air tight 

chamber at the Same time. 
11. A method of fabricating an assembly of at least two 

components and a heat curable composition comprising the 
Steps of 

a) making a vacuum bag lay up; Said lay up including said 
components and Said curable composition; 

b) placing said vacuum bag lay up in an air tight chamber; 
c) evacuating Said vacuum bag lay up and said air tight 

chamber at the Same time; 
d) maintaining vacuum on Said vacuum bag lay up and 

Said air tight chamber for a first short period; 
e) venting said chamber to atmosphere; 
f) maintaining vacuum on said vacuum bag lay up for a 

Second Short period; 
g) moving said vacuum bag lay up to an oven; 
h) curing said curable composition; 
i) venting said vacuum bag lay up to atmosphere; and 
j) removing said assembly from Said vacuum bag lay up. 
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12. The invention of claim 11 in which said components 
are fabrics and Said heat curable composition is a catalyzed 
resin. 

13. The invention of claim 11 in which said heat curable 
composition is a catalyzed adhesive. 

14. The invention of claim 11 in which said first short 
period is approximately 30 minutes. 

15. The invention of claim 11 in which said second short 
period is approximately 10 minutes. 

16. The invention of claim 11 in which said step of curing 
comprises Subjecting Said curable composition to Sufficient 
heat for a sufficient time to effect complete cure with 
optimum interlaminar bond strength. 

17. The invention of claim 11 in which said step of curing 
comprises the Steps of: 

a) increasing temperature at a fast rate to cure temperature 
for Said curable composition; and 

b) maintaining said cure temperature for a Sufficient time 
to effect complete cure; 

whereby adequate but less than optimum interlaminar 
bond Strength is developed So that, if necessary, Said 
components may be easily reworked. 

18. The invention of claim 17 in which said fast rate is 
about 8-12 C. per minute. 
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19. A System for curing a curable composition for easy 
rework, Said System comprising an oven capable of: 

a) increasing temperature at a fast rate to cure temperature 
for Said curable composition; and 

b) maintaining said cure temperature for a Sufficient time 
to effect complete cure; 
whereby curing Said curable composition in Said oven 

develops adequate but less than optimum interlami 
nar bond strength in Said curable composition. 

20. The invention of claim 19 in which said fast rate is 
about 8-12 C. per minute. 

21. A method of curing a curable composition for easy 
rework, Said method comprising the Steps of: 

a) increasing temperature at a fast rate to cure temperature 
for Said curable composition; and 

b) maintaining said cure temperature for a Sufficient time 
to effect complete cure; 
whereby adequate but less than optimum interlaminar 
bond Strength is developed. 

22. The invention of claim 21 in which said fast rate is 
about 8-12 C. per minute. 
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