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ANALYSIS OF BONDING LAYER QUALITY IN REPAIR PROCESS  

OF AIRCRAFT COMPOSITE STRUCTURE  

AFTER IMPACT DAMAGE 

Aircraft composite structures made in autoclave prepreg technology are characterized by low porosity and high strength. 

Unfortunately, composite structures are susceptible to impact damage. Therefore in order to repair this type of structures, an 

advantageous method of structure restoration is the use of the two-step bonding method. This method relies on creating 

a composite patch cured in an autoclave and then bonding it into a previously prepared repair area in the repaired structure, 

created by removing the damaged layers. Thanks to this approach, the patch is produced in accordance with the production 

process of the repaired element and has similar properties including low porosity. A critical element of repair is the bonding 

layer between the patch and repaired structure. Difficulties in obtaining an appropriate consolidation pressure (compression)  

using a vacuum bag can cause local disbonding of the composite patch as well as porosity in the bonding layer. Porosity  

reduces the strength properties of the joint, and it also reduces its weather resistance, which may contribute to its gradual 

degradation. The article focuses on analysis of the influence of compression obtained by a vacuum bag on the porosity and 

thickness of the bonding layer. A professional line for the production of aircraft composites and a mobile system for composite 

repairs of aircraft structures were used to produce the samples. The computed tomography method was used to measure  

the porosity and thickness of the bonding layer. 

Keywords: bonding, composite repair, impact damage, porosity, computed tomography 

 

 

INTRODUCTION  

Continuous fiber reinforced epoxy composites are 

materials characterized by excellent strength properties 

and the ability to form virtually any shape. For these 

reasons, polymer composites are widely used in various 

industries, including aviation, aerospace, and automo-

tive. In addition to their advantages, composites have 

the disadvantage of low resistance to dynamically in-

troduced concentrated loads – impact damage.  

Typical damage of laminar structures is caused by 

impacts of various energies. Damage in the scientific 

sector is classified according to the impact energy and 

velocity of the impactor [1-5], as schematically shown 

in Figure 1.  

In aviation technology damage is classified as hard 

to detect BVID barely visible impact damage) or de-

tectable VID (visible impact damage).  

BVID is hard to detect as it does not affect the  

surface geometry. The standard damage of this type  

is caused by low energy impacts up to 5.4 J with  

a 25.4 mm diameter semi-spherical impactor. In opera-

tion, such energies are characteristic of impacts from 

debris from the runway during take-off and impacts 

from small birds. During maintenance this type of dam-

age can also occur. It can be caused by the impacts of 

tools such as small wrenches or screwdrivers [6]. Upon 

this definition and the results of a radiogram presented in 

[6], it can be assumed that this type of damage is charac-

teristic of low energy impact damage (Fig. 1a). 

Barely visible damage, which may not be found dur-

ing HMV (heavy maintenance general visual inspec-

tions), is not visible to the unaided eye under normal 

light conditions from a distance of about 1.5 m. This 

sort of damage occurs when hitting up to approximately 

135 J with a 25.4 mm diameter semi-spherical impac-

tor. In operation, such energies are characteristic of  

impacts caused by foreign objects or fragments of  

the runway during take-off and landing. During mainte-

nance such damage can also occur, caused by the fall  

of large tools such as large wrenches, a hammer or  

a pneumatic drill [6]. Considering this definition and 

the results of the radiogram presented in [6], it can  

be assumed that this type of damage is characteris- 

tic of medium energy low speed impact damage  

(Fig. 1b). 
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Fig. 1. Impact damage of epoxy-carbon composite (CFRP): a) low energy impact damage; b) medium energy, low speed impact damage; c) high 

energy, high speed impact damage 

Visible impact damage (VID) above 135 J is da

age detectable to the unaided eye under normal light 

conditions from a distance of about 1.5 m. Standard 

damage is also done with a 25.4 mm diameter semi

spherical impactor. In operation, such energies are pr

marily impacts of large birds or during collisions with 

other objects during taxiing. During maintenance, this 

type of damage is typically caused by accidental i

pacts of a hammer or other heavy tools. VID includes 

damage caused by high energy and high speed impacts 

(Fig. 1c). This damages concern mainly military airc

and takes place during missions – also called battle 

damage [7], as shown in the example in Figure 2. This 

includes mainly bullet and shrapnel impacts. 

 

 

 

Fig. 2. Damage caused by high energy high speed impact: bullet hole 
(M4 carbine, caliber 5.56 mm) in specimen (40 layers unidire

tional quasi-isotropic): a) entrance; b) exit 

 
 

Fig. 3. Scheme of composite technology with adhesive bonding: a) scarf  

 

             

Fig. 4. Models of typical manufacturing bonding processes between composite components: a) co
d) and e) multi-material bonding 

b)a) 

a) 

a) b) 

a) b) 
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1c). This damages concern mainly military aircraft 

also called battle 

damage [7], as shown in the example in Figure 2. This 

includes mainly bullet and shrapnel impacts.  

 

Damage caused by high energy high speed impact: bullet hole 
caliber 5.56 mm) in specimen (40 layers unidirec-

 

Each impact causes damage to the matrix and can 

cause damage to the fibers as well [2

negatively influence the mechanical properties of the 

composite – they reduce its strength and stiffness. 

Therefore repair is necessary in order to return the 

structure to service. 

Several different methods of repairing composite 

structure damage are used in aircraft maintenance. Most 

commonly, mechanical joints or adhesive bonding are 

used [9]. The methods using adhesive bonding are 

shown in Figure 3. 

Structure strength properties. The structure can be 

restored during repair in several ways [10]: co

co-curing, secondary bonding and multi material bon

ing. The concept drawings of bonding are presented in 

Figure 4. 

According to reference [11], a composite repaired 

with the scarf structure restoration method (Fig

by means of secondary bonding (Fig

90% of its undamaged properties

most effective one used to date. The effectiveness of 

the method results from the fact that the composite 

patch is made in prepreg technology with the autoclave 

method and then the patch is bonded with the damaged 

structure using adhesive film. The autoclave method 

allows us to produce the composite patch in the same 

conditions as the original structure. 

Scheme of composite technology with adhesive bonding: a) scarf  – restoration of structure; b) single-sided lap; 

Models of typical manufacturing bonding processes between composite components: a) co-bonding; b) co
  

b) 

c) b) 

c) d) 

c) 

composite structure after impact damage 
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carbon composite (CFRP): a) low energy impact damage; b) medium energy, low speed impact damage; c) high  

Each impact causes damage to the matrix and can 

cause damage to the fibers as well [2-5, 8]. These issues 

negatively influence the mechanical properties of the 

they reduce its strength and stiffness. 

Therefore repair is necessary in order to return the 

Several different methods of repairing composite 

structure damage are used in aircraft maintenance. Most 

ts or adhesive bonding are 

used [9]. The methods using adhesive bonding are 

Structure strength properties. The structure can be 

restored during repair in several ways [10]: co-bonding, 

curing, secondary bonding and multi material bond-

ing. The concept drawings of bonding are presented in 

According to reference [11], a composite repaired 

with the scarf structure restoration method (Fig. 3a) and 

by means of secondary bonding (Fig. 4c) regains over 

properties. This method is the 

most effective one used to date. The effectiveness of  

the method results from the fact that the composite 

patch is made in prepreg technology with the autoclave 

method and then the patch is bonded with the damaged 

sive film. The autoclave method 

allows us to produce the composite patch in the same 

conditions as the original structure.  

 
sided lap; c) double-sided lap  

  

bonding; b) co-curing; c) secondary bonding,  

e) 
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However, it should be borne in mind that repair 

effectiveness tests [11] were conducted on laboratory 

samples. In laboratory conditions, no problems with the 

assembly of the vacuum bag occur. Usually, the whole 

panel for samples is closed in a vacuum bag. Thus, the 

vacuum bag is always tight and the com

the patch to the repair area caused by the bag reaches 

a maximum value of approximately 90 kPa. The va

uum in the bag is easily maintained for one minute after 

the vacuum pump is disconnected. 

Unfortunately, an actual aircraft structure is mo

complicated. In a semi-shell structure, typical in 

modern aircraft, reinforcements in the form of girders, 

ribs, longerons and rebates are metal elements, to which 

composite sheathing is attached by means of mechan

cal connections. Damage to the compos

often occurs on irregularly shaped surfaces, such as 

around rivets [12, 13] or at corners and edges. What is 

worse, it is precisely damage in these places that most 

threatens the structure [14].  

A model of a fragment of a classical structur

damage is presented in Figure 5. 
 

Fig. 5. Model of aircraft structure with impact damage delamination

The assembly and sealing of a vacuum bag on 

a large irregular surface is complicated, by rivets, ove

lapping joints or other openings, such as those pr

sented in Figure 5, making this task much more compl

cated than for a simple laboratory sample. In addition, 

the resulting damage usually occurs across the entire 

cross-section of the structure, which requires a through

hole. Therefore, a problem occurs with sealing the hole 

from the other side of the repaired structure, which is 

inaccessible. A model of such repair is presented in 

Figure 6.  

During repair of the actual structure, it is very dif

ficult to achieve 90 kPa consolidation pressu

(

a) 
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of aircraft structure with impact damage delamination 

The assembly and sealing of a vacuum bag on  

a large irregular surface is complicated, by rivets, over-

such as those pre-

, making this task much more compli-

cated than for a simple laboratory sample. In addition, 

the resulting damage usually occurs across the entire 

section of the structure, which requires a through-

problem occurs with sealing the hole 

from the other side of the repaired structure, which is 

inaccessible. A model of such repair is presented in 

During repair of the actual structure, it is very dif-

ficult to achieve 90 kPa consolidation pressure in  

a vacuum bag with a low capacity mobile vacuum 

pump. It is even more difficult to fulfill the condition of 

holding a constant level of negative pressure in 

a vacuum bag after the pump is disconnected.

 
 

Fig. 6. Model of damage repair across section whole skin thickness: 

a) repair area and repair components, b) structure after curing a

hesive films: c) riveting; d) structure after repair 

MATERIALS AND EXPERIMENTAL PROCEDURE

The objective of our research was to f

of negative pressure and the tightness of the vacuum 

bag on the quality of the bond created using the seco

dary bonding method (Fig. 3c).

The thickness and the porosity of the bond after 

hardening between two composite panels was analyzed 

(Fig. 7). 

The panels were created in the form of laminar 

composites with a quasi-isotropic structure [(45/0/

–45/90)2/45/0]s. Each panel was composed of twenty 

0.16 mm layers of E722-02 HS

a) 

c) 

d) 

b) 

a vacuum bag with a low capacity mobile vacuum 

pump. It is even more difficult to fulfill the condition of 

constant level of negative pressure in  

a vacuum bag after the pump is disconnected. 

 

 

 

 
Model of damage repair across section whole skin thickness:  

a) repair area and repair components, b) structure after curing ad-

hesive films: c) riveting; d) structure after repair  

MENTAL PROCEDURE 

The objective of our research was to find the impact 

of negative pressure and the tightness of the vacuum 

bag on the quality of the bond created using the secon-

3c). 

The thickness and the porosity of the bond after 

hardening between two composite panels was analyzed 

The panels were created in the form of laminar 

isotropic structure [(45/0/ 

Each panel was composed of twenty 

02 HS-14 12K 130g 35%rw 
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600 mm carbon epoxy UD prepreg material manufa

tured by TecCate. The curing cycle of the panel (Fig

was conducted in an autoclave using aerospace tec

nologies [1]. In total, eight panels were manufactured.
 

Fig. 7. Diagram of tested sample  

Fig. 8. Cure cycle of composite panels 

The bond between the panels was made of two 

layers of 3M Scotch-Weld AF-163-2k (AF

hesive film. AF-163-2k adhesive film is commonly 

used in the aviation industry to bond metals and co

posites [15-17]. AF-163-2k adhesive film is stored at 

−18
o
C in its uncured condition. After unfreezing, the 

film is a flexible bonding layer. Flexibility and integrity 

are ensured by the resin applied to the polymer mesh 

(Fig. 9). 

The first reason for conducting the research in this 

article is the discrepancy in information on the value of 

the negative pressure during bond hardening when 

AF-163-2k film is used. According to the technology 

sheet [18], AF-163-2 can be successfully cu

uum bag. To obtain the appropriate properties of the 

adhesive, the AF-63-2k adhesive film should be cured 

at a compressive pressure value of 27÷40 kPa (

÷–0.4 bar). Moreover the technical datasheet [18] 

informs that higher compressive pressure values (lower 

pressure in the bag) can cause increased porosity and 

reduced joint strength. However, experience shows that 
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nologies [1]. In total, eight panels were manufactured. 
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2k adhesive film is commonly 

used in the aviation industry to bond metals and com-

2k adhesive film is stored at 

ondition. After unfreezing, the 

film is a flexible bonding layer. Flexibility and integrity  

are ensured by the resin applied to the polymer mesh 

The first reason for conducting the research in this 

article is the discrepancy in information on the value of 

the negative pressure during bond hardening when  

2k film is used. According to the technology 

2 can be successfully cured by vac-

uum bag. To obtain the appropriate properties of the 

2k adhesive film should be cured 

at a compressive pressure value of 27÷40 kPa (–0.27÷ 

0.4 bar). Moreover the technical datasheet [18]  

sure values (lower 

pressure in the bag) can cause increased porosity and 

reduced joint strength. However, experience shows that 

this compressive pressure value is not sufficient for 

proper patch consolidation in a repair area. According 

to publications [1, 15, 19, 20], the compressive pressure 

value should be close to the maximum attainable with 

a vacuum bag. In practice, the vacuum bag allows us to 

attain a compressive pressure value at the level of 

90 kPa (–0.9 bar). 

 

  
 

Fig. 9. 3M AF-163-2k adhesive film: a) uncured view; 

tion; c)  view of film after separation of adherent elements

The second reason for conducting the research in 

this article was to verify to what degree a leak or pun

ture of the vacuum bag impacts the quality of the bond.

In relation to the above, bond samples between 

panels hardened in vacuum bags were created at various 

compressive pressure values for further research:

- 30h – sample cured with a compressive pressure value 
of 30 kPa (–0.3 bar) in a sealed bag;

- 60h – sample cured with a compressive pressure value 
of 60 kPa (–0.6 bar) in a sealed bag;

- 90h – sample cured with a compressive pressure value 
of 90 kPa (–0.9 bar) in a sealed bag;

- 60l – sample cured with a compressive pressure value 
of 60 kPa (–0.6 bar) in a leaky bag.

While creating the 30h, 60h and 90h samples, 

the airtightness of the vacuum bag was verified and 

a reductor was used to set the compressive pressure 

value to 30 kPa (–0.3 bar), 60 kPa (

(–0.9 bar), respectively. The curing cycle was then 

launched. 

While creating the 60l sample, the airtightness of the 

vacuum bag was also verified, and the compressive 

pressure value was set to 90 kPa (

ductor. A needle was then used to create holes in the 

vacuum bag, in order to attain a compressive pressure 

b) 

a) 

c) 

composite structure after impact damage 
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attain a compressive pressure value at the level of  
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tion; c)  view of film after separation of adherent elements 
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this article was to verify to what degree a leak or punc-

ts the quality of the bond. 
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sample cured with a compressive pressure value 
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0.6 bar) in a sealed bag; 

sample cured with a compressive pressure value 

0.9 bar) in a sealed bag; 

sample cured with a compressive pressure value 

0.6 bar) in a leaky bag. 

While creating the 30h, 60h and 90h samples,  

the airtightness of the vacuum bag was verified and 

reductor was used to set the compressive pressure 

bar), 60 kPa (–0.6 bar) and 90 kPa  

ectively. The curing cycle was then 

While creating the 60l sample, the airtightness of the 

vacuum bag was also verified, and the compressive 

pressure value was set to 90 kPa (–0.9 bar) with the re-

. A needle was then used to create holes in the 

vacuum bag, in order to attain a compressive pressure 
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value of 60 kPa (–0.6 bar). After verifying that the 

compressive pressure value was stable, the curing cycle 

was launched. 

The curing cycle was conducted using an electron

cally controlled heating blanket and following the heat 

curve presented in Figure 10. 

 

Fig. 10. Cure cycles of composite adhesive film 

After the curing cycle of the adhesive film, a 

fragment  was cut out of each sample for computed t

mography testing, as shown in Figure 11.

 

Fig. 11. Example sample after curing with leakage of 

cured around hole 

COMPUTED TOMOGRAPHY 

Computed tomography (CT) was used to analyze the 

thickness and porosity of the bonding layer.

CT is a type of X-ray spectroscopy allowing tom

graphic images (cross-sections) of the examined object 

to be obtained, and then to present its spatial image 

(3D) from many plane view (2D) shots taken in diffe

ent positions. CT modifies the scale of observation from 

macroscopic to microscopic which enables reliable r

sults to be obtained [21]. Any difference in the material 

inside the object, a change in its density or voids can be 

visualized and measured. The examinat

directing an X-ray beam to the object under examin

tion and registering its intensity on the other side of the 
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After the curing cycle of the adhesive film, a φ25 mm 

fragment  was cut out of each sample for computed to-

mography testing, as shown in Figure 11. 

 
Example sample after curing with leakage of adhesive film 

Computed tomography (CT) was used to analyze the 

ness and porosity of the bonding layer. 

ray spectroscopy allowing tomo-

sections) of the examined object 

to be obtained, and then to present its spatial image 

(3D) from many plane view (2D) shots taken in differ-

itions. CT modifies the scale of observation from 

macroscopic to microscopic which enables reliable re-

Any difference in the material 

inside the object, a change in its density or voids can be 

visualized and measured. The examination consists in 

ray beam to the object under examina-

tion and registering its intensity on the other side of the 

detector. Specialized software and computers with high 

computing power are used for the examination [22]. 

The discretization of the volume of the examined object 

is carried out by dividing it into single spatial cells 

called voxels (resolution). In each voxel the degree of 

absorbed radiation is constant.

 

Fig. 12. Tomographic examination with panel detector 
device during examination 

X-radiation as well as other ranges of the electr

magnetic spectrum can be absorbed and scattered by 

matter [23]. As a result of these processes, the radiation 

beam is weakened, which is a function of the radiation 

energy, type and thickness of the tested material. 

The change in radiation intensity of a parallel radiation 

beam of equal energy when passing through an object is 

described by relation (1): 

 � � �� ∙ �

where: I – radiation intensity after passing through the 

object [W/m
2
], I0 – initial radiation intensity [W/m

µ – linear coefficient of attenuation (absorption) of 

X-radiation characteristic of a given material and 

a specific wavelength [1/cm], 

material [cm]. 

The advantage of the CT 

dimensional image of the structure, and thus the ability 

to read the results relatively quickly and easily. CT 

shows the size, shape and location of voids as well as 

material contaminations and other heterogeneities [24]. 

The problem of using tomography is the limitations a

sociated with the tomography chamber and the wall 

thickness of the element being 
overall size is important for the test. The required safe 

thickness of the cabin walls, constituting the radiation 

absorbing screen, increases with the increase in power 

and voltage of the devices [25].

The specimens were tested using a 300 kV lamp on 

a GE Phoenix v/tome/x m CT with a panel detector 

(Fig. 12). The tests were carried out with the following 

parameters: 

• voltage 100 kV; 

• current 100 mA; 

• timing 333 ms. 

A voxel size of 46 µm was obtained. 720 pictures 

were taken per full turn. The images were reconstructed 

on a graphic station using the Datos/x 2 program.

detector. Specialized software and computers with high 

computing power are used for the examination [22]. 

he volume of the examined object 

is carried out by dividing it into single spatial cells 

called voxels (resolution). In each voxel the degree of 

absorbed radiation is constant. 
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magnetic spectrum can be absorbed and scattered by 
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beam is weakened, which is a function of the radiation 
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The change in radiation intensity of a parallel radiation 

beam of equal energy when passing through an object is 

���∙� (1) 

radiation intensity after passing through the 

initial radiation intensity [W/m
2
],  

linear coefficient of attenuation (absorption) of  

radiation characteristic of a given material and  

a specific wavelength [1/cm], g – thickness of the tested 

The advantage of the CT method is the three-

dimensional image of the structure, and thus the ability 

to read the results relatively quickly and easily. CT 

shows the size, shape and location of voids as well as 

material contaminations and other heterogeneities [24]. 

using tomography is the limitations as-

sociated with the tomography chamber and the wall 

the element being examined – their 
overall size is important for the test. The required safe 

thickness of the cabin walls, constituting the radiation 

rbing screen, increases with the increase in power 

and voltage of the devices [25]. 

The specimens were tested using a 300 kV lamp on 

a GE Phoenix v/tome/x m CT with a panel detector 

). The tests were carried out with the following 

A voxel size of 46 µm was obtained. 720 pictures 

were taken per full turn. The images were reconstructed 

on a graphic station using the Datos/x 2 program. 
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RESULTS AND DISCUSSION 

The thickness of the bonding layer was measured on 

the pieces cut from the sample (Fig. 11

of the boding layer was tested by CT (Fig

 

Fig. 13. Example of results of specimen (60h) tomography test, side 
view and cross section in plane A 

The thickness of the bonding layer was measured in 

the VG Studio MAX 3.0 program with the "Caliper" 

measuring function. Six measurements were made for 

each specimen at various randomly selected locations. 

Next, the arithmetic average and standard deviation for 

individual specimens were calculated (Table 

 
TABLE 1. Thickness of bonding layers 

Description 30h 60h 

Values measured 
at six points  

for each sample/ 

specimen 

[mm] 

0.27 0.21 

0.24 0.20 

0.24 0.20 

0.34 0.18 

0.24 0.19 

0.23 0.19 

Arithmetic  
average 

[mm] 

0.26 0.19 

Standard  
deviation 

[mm] 

0.04 0.01 

 

In order to facilitate comparison of the bonding 

layer thickness, a diagram (Fig. 14

the basis of the measurement results and calculations 

(Table 1). 

 

Fig. 14. Thickness of bonding layers 
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layer was measured on 

11). The thickness 

of the boding layer was tested by CT (Fig. 13). 

 

Example of results of specimen (60h) tomography test, side 

bonding layer was measured in 

the VG Studio MAX 3.0 program with the "Caliper" 

measuring function. Six measurements were made for 

each specimen at various randomly selected locations. 

Next, the arithmetic average and standard deviation for 

mens were calculated (Table 1). 

90h 60l 

0.18 0.23 

0.18 0.22 

0.19 0.21 

0.19 0.19 

0.19 0.18 

0.17 0.19 

0.18 0.20 

0.01 0.02 

In order to facilitate comparison of the bonding 

14) was made on  

measurement results and calculations 

 

On the basis of the test results (Table 1 and Fig

it can be concluded that the thickness of the bonding 

layer is dependent on the compressive pressure value. 

The thickness of the bonding layer is significantly 

higher when cured at the lower compressive pressure 

value of 30 kPa. At a higher compressive 

value, although the difference in compressive pressure 

value is also 30 kPa, the difference in thickness is 

small. It should also be noted that at lower compressive 

pressure values the bonding layer is less even 

standard deviation is 0.04 mm

The lack of tightness of the vacuum bag has pract

cally no effect on the thickness of the bonding layer.

The percentage of porosity was determined by CT as 

well (Fig. 15), using the previously described ph

nomenon of radiation absorption by a higher den

medium. 

 

Fig. 15. Tomograms of bonding layers 

parallel to glued layers in middle of bonding layer thickness

Porosity ξ is defined as the percentage share of the 

voids volume relative to the cured resin (

 � �
������

�����

Vvoids – volume of voids in the bonding layer, 

monolithic cured resin volume in the bonding layer.

To analyze the porosity, VG Studio MAX 3.0 sof

ware was used. The results of the analysis are presented 

in Table 2. 
 

TABLE 2. Porosity level in bonding layer

Mark 30h 60h

� [%] 1.33 0.39

 
In order to facilitate comparison of the porosity level 

of the bonding layer, a graph (Fig

the basis of the analysis results (Table 
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On the basis of the test results (Table 1 and Fig. 14), 

it can be concluded that the thickness of the bonding 

layer is dependent on the compressive pressure value. 

The thickness of the bonding layer is significantly 

higher when cured at the lower compressive pressure 

value of 30 kPa. At a higher compressive pressure 

value, although the difference in compressive pressure 

value is also 30 kPa, the difference in thickness is 

small. It should also be noted that at lower compressive 

pressure values the bonding layer is less even – the 

standard deviation is 0.04 mm.  

The lack of tightness of the vacuum bag has practi-

cally no effect on the thickness of the bonding layer. 
The percentage of porosity was determined by CT as 

), using the previously described phe-

nomenon of radiation absorption by a higher density 

 

Tomograms of bonding layers – cross-section made in plane 

parallel to glued layers in middle of bonding layer thickness 

is defined as the percentage share of the 

voids volume relative to the cured resin (2). 

∙ 100% (2) 

volume of voids in the bonding layer, Vbond –

monolithic cured resin volume in the bonding layer. 
To analyze the porosity, VG Studio MAX 3.0 soft-

ware was used. The results of the analysis are presented 

Porosity level in bonding layer 

 90h 60l 

0.39 1.56 0.59 

In order to facilitate comparison of the porosity level 

of the bonding layer, a graph (Fig. 16) was made on  

the basis of the analysis results (Table 2). 
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Fig. 16. Porosity level in bonding layer 

Based on the results of the tests (Table 

Fig. 16), it can be concluded that the porosity level of 

the bonding layers depends on the compressive pressure 

value. 

The above tests show that the porosity at the co

pressive pressure value induced by vacuum of 

is higher than at the recommended –0.3 bar. Taking into 

account the results of the whole test, it can be assumed 

that the porosities of the 30h and 90h samples are at 

a similar level and are at an order of ma

than the porosity of the 60h samples. 

The porosity of samples 60h and 60l are on the same 

level. 

CONCLUSIONS 

The research aim was achieved. The conducted tests 

allowed us to demonstrate the influence of the compre

sion caused by vacuum inside the bag on the quality of 

the bonding layers. The influence of the compressive 

pressure value on the thickness and porosity of the 

bonding layers was analyzed. 

The studies show that the bonding layer thickness 

asymptotically decreases with the increase i

the bag.  

A surprising phenomenon of the appearance of high 

porosity in the bonding layer at a high compressive 

pressure value in the vacuum bag was observed. One of 

the theories that can explain this phenomenon is cavit

tion of the components of the uncured bonding layer. 

The results of the research indicate that above a certain 

value of compressive pressure in the bag, some comp

nents of the uncured bonding layer start to evaporate. 

Therefore, in future, research will be continued to co

firm this hypothesis. 

The last important and beneficial conclusion from 

the point of view of the repair process is the proof that 

if adequate pressure is provided, leakage of the vacuum 

bag does not significantly affect the level of porosity of 

the bonding layer. 
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