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Abstract

This study investigated the effects of patch geometry and resin type on mechanical properties in
repairing small damages, such as deep scratches, on the exterior surfaces of composite components,
such as fuselages, wings, tail stabilizers, and aircraft doors. A handheld prototype device was developed
to impregnate glass roving with epoxy resin and apply a repair filler to damaged areas. To simulate the
fuselage outer layer, 6 twelve-layer 2—3 mm thick composite plates (V= 55%) were produced by hot
pressing using Duratek® epoxy and 300 g m ™~ > woven glass fabric. Tensile and flexural samples were
prepared from plates per standard. Uand V cross-section artificial scratch damage was created on
samples with 40% of their thickness using two milling cutter types on a CNC router, resulting in three
test samples: undamaged and two damage types. Three epoxy resins (Loctite®, Duratek®, and
Polisan®) were applied to the U and V damaged areas with a handheld device, and 6-9 layers of filling
patches were made using impregnated 300 tex glass roving. The repaired samples were cured at 23 °C
for 24 h, under an infrared lamp at 40 °C for 4 h, and at 60 °C for 2 h. Tensile and flexural tests on the
original and repaired samples showed a tensile strength recovery of up to 94%, tensile modulus of
89%, flexural strength of 65%, and flexural modulus of 99%. The U-patched samples demonstrated
higher tensile and flexural strengths than the V-patches, with Duratek® epoxy proving advantageous
for tensile properties and Loctite® for flexural properties.

1. Introduction

Composite materials used in the aircraft industry are classified as fiber-reinforced composites and layered
composites (sandwich composites/honeycomb) according to the shapes and placement of the reinforcement
elements and as polymer matrix and metal matrix composites according to the matrix material [1, 2]. In
aircrafts, fiber-reinforced composite materials are used in primary structural components, such as fuselages,
wings, tail stabilizers, and doors. The frequency of minor accident damage is high throughout an aircraft’s
operating life, and its repair has a significant impact on maintenance costs. In conventional mechanical joining
processes, such as the screwing of thermoplastic and thermoset composite materials, delamination problems
due to stresses formed during drilling, corrosion between the material and fastener, and deformation occurring
in the composite material are undesirable features. This has led to the development of simultaneous curing,
bonding, and secondary bonding techniques as alternatives to the mechanical joining methods in the aircraft
industry. Owing to its small stress concentration, good appearance, and light weight, adhesive repair has
attracted significant attention in aviation and aerospace fields [3].

Patch repairs are based on bonded/glued connections that transmit loads and are therefore one of the most
effective elements of repair quality. The patch repairs of aircraft composites are gaining increasing importance in
the repair of damaged parts owing to their time savings rather than cost savings, as well as their applicability to
complex geometric components. In the repair of medium and large damages of these composite components,

© 2025 The Author(s). Published by IOP Publishing Ltd
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Table 1. Effect of patch geometry and resin type on repair performance in some literature.

Patch shape/resin type Strength recovery Durability/damage resistance References
Rectangular/epoxy High High [17-19]
Circular/epoxy Medium-high Low damage area [20,21]
Elliptical /epoxy High Low stress concentration [21,22]
Scarf/thermoplastic resin Very high (at optimum) High [21,23]
Hybrid/reinforced resin Very high High delamination resistance [24]

usually due to impact; bonding methods and patch geometries such as scarf, stepped scarf, double curved and
bonded scarf, additional patch and stepped lap have been suggested [4-8]. Conversely, significant efforts have
been devoted to studying bonded repair methods and the performance of fiber-reinforced composites. The most
important goal of repairing damaged composite materials with patches is to increase the original strength of the
material as much as possible after the repair. For instance, Li et al [9] produced a large number of carbon fiber/
epoxy composite sheets with holes of the same size, repaired the sheets with patches of various geometries, and
subjected them repaired and undamaged samples to tensile testing. As a result of the test, they concluded that the
tensile strength of the patch-repaired samples improved by 5%-16% compared to that of the undamaged
sample, depending on the patch shape. Psarras et al [10] evaluated the mechanical properties of carbon fiber
reinforced polymer composites (CFRP) by repairing the damaged areas with a weft patch (stepped, U-V
sectioned patch), and observed that the tensile strength of the samples was recovered by 65%—69% after the
repair in their study. Sigsman and Ramazanoglu [11] repaired elliptically damaged glass fiber-reinforced
composite panels using single-sided lap joints with glass fiber-reinforced composite patches of different sizes
and numbers of layers, and the repaired samples were subjected to tensile loads. The patched samples carried up
to 145% more tensile load than the damaged ones. Feng et al [ 12] investigated the flexural behavior of patch-
repaired aircraft winglets and showed that the repaired winglets retained approximately 82% of the load-bearing
capacity of the intact winglets. In the literature, different repair processes are recommended for the damage to
composite panels used in aircraft components. Hamoush et al [13] studied repair patches of solid laminated
composites, including circular disbond and fiber mismatching between the patch and the parent material. Their
results showed that both defective and good repairs restored the strength to 80% of that of intact panels. Wang
etal[14] investigated the effect of surface defects and patches created in different geometries on the bending
properties of the composite plate. They proved that the U-type scratch opened by providing a radius of half the
crack width to the sharp edges had a higher retention rate than rectangular and V-type scratches with a relatively
smaller radius. Hu and Soutis [ 15] showed that composite plates repaired with the external patching method
could keep an average of 68.75% of their original strength, while Breitzman et al [16] proved that they could
retain up to 90% of their strength with prepreg repair applied to the damaged area. Some recent studies on the
effect of patch geometry and resin type on repair performance are presented in table 1.

As can be seen from the previous studies mentioned above, no repair geometry recommendations were
found for damage other than small, deep scratches (less than 2.0 mm) on plastic sheets, such as acrylic, in general
aircraft maintenance, and applications of advanced composite materials in aircraft and composite repair
engineering case study handbooks [25-27]. In addition, only a few researchers at different times have
investigated the bonding, patching, and repair processes for minor damages, such as deep scratches. In their
study, Shams and El-Hajjar [28, 29] examined the repair of deep surface scratches and cracks in continuous
carbon fiber/epoxy laminated composites. Initially, they filled the interior of the open patch channel with a
fiber-free resin and subsequently applied a prepreg-type woven fabric adhesive repair patch to the damaged
region. They then conducted numerical and experimental investigations on the top-layer repair of scratch
damage in composite laminates. The specimens with only resin filled into the deep scratches achieved the
strength of the original panels by 54.4%. In comparison, the specimens with a 5 mm wide single layer patch on
the resin met the strength target by 67.4%, and the specimens with two-layer patches met the strength target by
99.5%. In this study, a damage repair prototype was developed for small deep scratch-type damage of composite
surfaces used in aircraft. Analyses and examinations were conducted to establish the relationship between the
change in the patch structure and the strength of the patch process carried out using this prototype.

2. Materials and methods

The study has two basic steps: developing a new and original patch application prototype to carry out the
composite repair process and performing patch processes on artificially damaged composite samples using this
prototype. In this study, an E-glass woven fabric with an areal density of 300 g m ~* was used as the fiber to
produce composite plates, and Duratek® DTE1000 epoxy resin was used as the matrix. Single-end roving
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a) fiber winding reel

b, ¢, g and 1) tension reels

d) resin

e) scraper mechanism

f) resin tank

h) resin-impregnated fiber

j) motor drive reel

k) adjustable tension mechanism
1) pressure mechanism arm

m) pressure wheel

n) patch surface pressure wheel
0) symmetry main body

p) adjustment window

r) tank filling cover

s) 3D image

Figure 1. Hand-held patching device prototype.

Table 2. Mechanical and physical properties of E-glass woven fabric and
glass-roving [33].

E-glass woven Single-end

Properties fabric roving
Areal density (gm ™ ?) 300 —
Linear density (g/1000 m) — 300 tex
Density (gm ) 2.54 2.54
Fiber diameter (um) 12-17 13.75
Tensile strength (MPa) 2300 1270
E-modulus (GPa) 69-82 28.34
Poisson’s ratio 0.22 0.22
Ultimate elongation (%) 2.97 4.83

Table 3. Some properties of resins used in the patch [30-32].

Epoxy resins
Properties
Loctite® Duratek® Polisan®

Hardener/resin ratio 22% 25% 33%
Density (gm ) 1.15 1.10 1.12
Viscosity (Pa.s) 150-300 0.95 2.85
Tensile strength (MPa) 32.2 71-76 31.53
E-modulus (GPa) 2303 3.1-3.4 N/A
Ultimate elongation (%) 10.0 4.0-4.5 N/A

(WR 6), which is used in filament winding applications and is a product of Sisecam Glass Fiber Company
(Tiirkiye), was used to patch the damaged plates. As patch matrix, three different two-component commercial
epoxies, namely Loctite® EA9309.3NA (USA) [30], Duratek® DTE1000 (Tiirkiye) [31] and Polisan® (Tiirkiye)
[32] were used together with appropriate hardeners, respectively. The properties of the woven E-glass fabric and

glass roving are listed in table 2 and those of the epoxy resins are listed in table 3.

2.1. Design of a hand-held patching device

In the first phase of the study, a handheld prototype was developed for the repair of damaged composite

structures. Each part of the device was drawn in 3D using the SolidWorks program on a 1/1 scale. In this device,
asshown in figure 1, a glass fiber rope consisting of approximately 750-800 fibers with a diameter of 14 pm on
the winding reel (a) with a linear density of 300 g/1000 m and a tensile strength of 1270 MPa passes through the
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Figure 3. Artificial damage created by (a) U- and (b) V-sections and milling cutters used in the process.

inner surface of the tension reel (b) at a moving speed of 312 mm min " under the effect of the tensile force
applied by the motor drive reel (j) and the pressure wheel (m) connected to the DC motor, and passes through
the tank inlet channel and around the tension reel (c) inside the tank. The fiber wetted with resin inside the tank
exits from the resin scraping mechanism (e) and the tank outlet channel, passes around the tension reels in (g)
and (i) between the pressure wheel (m) and the motor drive reel (j), and exits the device between the surface
pressure wheels (n). Thus, a damaged composite plate can be repaired by patching with resin-impregnated
fibers.

2.2.Manufacturing of the composite plates

In the second phase, six composite plates (V¢ 55%) were produced from 300 g m ™2 glass-woven fabric with 12
layers, dimensions of 270 x 360 mm, and thickness of 2-3 mm using the hand lay-up and hot-pressing method.
These plates are similar to the composite exterior components of aircrafts, such as fuselages, wings, tail
stabilizers, and doors. For this purpose, the glass fabrics were first impregnated with Duratek® epoxy in
accordance with the hand lay-up method, and then laid on top of each other in the metal lower mold cavity. The
upper mold was then closed, and as shown in figure 2, the laminates in the metal mold were cured in a 60-ton
press at 100 °C and 30 bar pressure for 4 h. The heater was then switched off and the plates were left to cool under
constant pressure for 24 h.

Tensile samples were cut from the composite plates according to the TS EN ISO 527-4 standard [34],
whereas flexural samples were cut according to ASTM-D7264/D7264M [35]. Both types of samples were cut
from the plates using a three-axis mini CNC router (Hattech Company, Bursa, Turkey) with a spindle speed of
18000 rpm and a feed rate of 300 mm min . As illustrated in figure 3, U- and V-section scratches (artificial
damage) were opened in tensile samples, 10 mm along the sample width, and in bending samples, 13 mm along
the sample width. These damages are called deep scratches with U- and V-geometries, respectively. Two
different end mills were used to cut deep scratches. One had a tungsten carbide tip with a diameter of 2 mm and
three flat sides for U-geometry. The other end mill had a cobalt-coated tip with a diameter of 1 mm and two sides
angled at 60° for V-geometry. The artificial scratches created by milling were introduced into the samples ata
depth 0f 40% (0.8—1.2 mm) of their thickness. The milling process was completed with automatic feed in 8—12
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Figure 5. Tensile and flexural specimens cured at 23 °C/24 h.

Figure 6. (a) IR curing unit, and (b) curing of samples.

steps, cutting 0.1 mm deep at each step. Thus, the artificial damage was sustained up to the fifth layer of the
twelve-layer composite samples. This process resulted in the creation of two distinct root gaps on the composite
plates, characterized as U- and V-shaped sections, prior to the application of the patching procedure.

2.3. Roughness measurement of scratch side surfaces (SS)
Increasing the surface roughness in patching processes results in an increase in bond strength, primarily owing
to mechanical interlocking and expansion of the surface area [36—39]. For example, in fiber-reinforced epoxy
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Table 4. Test results of original and unpatched samples.

Original samples U-shaped scratched specimens V-shaped scratched specimens

Oto E to Otu E tu k Ot E tv k

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

218.9 21415 95.2 13135 2.299 106.2 12454 2.061

0, 'fo E 'fo 0, "fu Efu k g fv E ‘fv k

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

361.0 21961 210.8 13013 1.712 191.9 12447 1.881

composites, an increase in surface roughness is associated with an increase in the adhesion interfacial shear
strength (IFSS) [39, 40]. As a result, roughness values, particularly on the side surfaces of the bond, are crucial for
the patch efficiency and strength. This is because the adhesion side surfaces of the U- and V-scratches were the
main surfaces that carried the stresses acting on the specimen. A Sunpoc SRT310 digital surface-roughness
measuring device was used for this purpose.

2.4. Patching of artificially deep-scratched specimens and curing

The plates with artificial deep scratch damage were first patched with a handheld device, designed and
prototyped in the first stage, by filling with continuous glass roving with three different epoxies, as described
above (figures 4(a) and (b)). Simultaneously, the first compression was performed on a still wet patch with a
compression wheel in the device. The areas patched with the device were compressed for a second time by
pressing them with an external Teflon-based roller (figure 4(c)). Patching with the composite filler was repeated
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Figure 8. Results of (a) flexural strength, and (b) flexural modulus.

(6-9 times) until the deep scratches were covered (V=2 40%). Subsequently, the composite samples with the
repair filling were cured under various conditions. These conditions included a room temperature of 23 °C for
24 h (figure 5), 40 °C with a 250 W infrared lamp for 4 h, and 60 °C for 2 h (figure 6).

2.5. Tensile and three-point bending tests

Tensile and three-point flexural tests were applied to the original, damaged, and patched samples using three
different epoxies in a 100 kN testing machine (Schimatzu AG-IS 100 kN). The tensile and three-point bending
tests were conducted at a rate of 1.0 mm min . Ten specimens of the original samples were subjected to tensile
and bending tests. Two distinct deep scratches were applied to the surface of the composite sample, and their
repair was conducted under three different epoxy types and curing conditions. Thus, 18 distinct repair scenarios
were used. At least three to four specimens were tested for each scenario. To examine the effect of the patch
process in detail, stereo microscopy and SEM images were obtained from the surfaces of the samples damaged
during the tests. Stereo microscope images were obtained using a Tignapoo 7’ screen 2000X digital microscope.
SEM images were obtained using a Quanta FEG 250 SEM device.

Another investigation carried out within the scope of this study was the calculation of stress concentration
for the relevant structures. Stress concentration is primarily caused by the sudden deformation or discontinuity
of materials, such as cracks or holes. Fracture initiation occurs at the point of stress concentration, which is the
primary factor leading to material failure. The stress concentration factor was calculated using equation (1)
[14,41,42]:
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where kis the factor of stress concentration, and oy, is the maximum stress, and o;,,,, is the nominal stress.

3. Results and discussion

In this study, the effects of three distinct factors on the performance of U- and V-patches were examined: (1)
patch geometry and stress concentration factor depending on patch geometry, (2) resin type (viscosity and
strength), and (3) roughness of adhesion surfaces

The tensile and flexural properties of the original and unpatched specimens are listed in table 4 and those of
the patched specimens are shown in figures 7 and 8, respectively. The symbols in table 4 are defined as follows:
Oro» tensile strength; Ey,, tensile modulus; Tfos flexural strength; Eg, flexural modulus; and k is the stress
concentration factor. Furthermore, oy, and oy, are the tensile strengths; E,, and E,, are the tensile moduli; oy,
and o, are the flexural strengths; and Ep;, and Ej, are the flexural moduli of the unpatched U- and V-shaped
scratched specimens, respectively.

As shown in figures 7 and 8, the samples repaired using the developed process recovered an original tensile
strength of up to 94%, tensile modulus of 89%, flexural strength of 65%, and flexural modulus of 99%. It is
thought that the reason why the bending modulus of the samples repaired with the developed process can meet
the original at a rate of 99% is due to the fact that ‘the bonding side surface area (SSV) in the V-geometry is
15.0%—15.8% larger than the U-geometry (SSU)’ as expressed in figure 9. It was understood that the cracks
formed on the patch/scratch bonding side surfaces in the V-patched samples ‘reach the weak interfaces more
quickly through the 60° slip planes in the main plate layers and facilitate the general damage with delamination
damage’ compared to the U-patched samples. The maximum tensile strength of the repaired samples could be
attained by creating a U-geometry and curing the patched area with Duratek® epoxy at 60 °C using an infrared
lamp for 2 h. The maximum flexural strength was achieved by utilizing Duratek® epoxy in the U-geometry and
Loctite® epoxy in the V-geometry, with the patched area cured with an infrared lamp at 60 °C for 2 h.

3.1. Effect of the patch geometry and stress concentration factor

Factors affecting patch strength include patch adhesion surface area and cross-sectional volume [43, 44]. The
average tensile strength, tensile modulus, and flexural strength of the U-patched samples were 7%, 3.5%, and
13.6% higher than those of the V-patched samples, respectively (figures 7—8). The reasons for this were
understood when both the total surface area and cross-section of the patch region were calculated
mathematically. According to figure 9, the total adhesion surface area (Ay = Py x W and Ay =Py X W) of the
U-geometry, including the bottom surfaces, was 16.4%—26.7% larger than that of the V-geometry. Similarly, the
U-section area (Ayp) of the patches was 18.2%—36.7% larger than that of the V-section (Ayp). By contrast, the
average flexural modulus of the V-patched samples was 14% higher than that of the U-patched samples. This is
because the adhesion side surface area in the V-geometry (SSy), which accommodates the stresses, is 15.0%—
15.8% larger than that in the U-geometry (SSy), as illustrated in figure 9. Therefore, for the U-scratch, the stress
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Figure 10. Damaged images of U- and V-patch flexural samples; (a) fracture on patch surface, (b) separation on the right-side
adhesion surface, (c) undamaged adhesion surface (SEM), and (d) separation on the right and left side adhesion surface (SEM).
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Figure 11. Variation of mechanical properties depending on resin type and patch geometry.
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concentration factor (k) was 1.712, whereas for V-scratch, it was 1.881 (table 4). Therefore, U-scratch damage
carries less stress, is less prone to fracture, and has a higher strength than V-scratch damage, regardless of the

patch.

Compared to the U-patched samples, the cracks formed on the side surfaces of the patch adhesion in the
V-patched samples reached the weak interfaces more quickly through the 60° shear planes in the main plate
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Figure 12. Images of side surfaces of the adhesion for unpatched specimens; (a) U- and (b) V-shaped scratches.
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patch
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Figure 13. SEM images of fracture surfaces in the U and V patches.

layers and facilitated general damage with delamination damage (figure 10). This reduced the strength of the
V-patch filler and its ability to adhere to the surface during flexural stress.

3.2. Effect of the resin type
As shown in figure 11, the strength values vary depending on the type of resin and geometry of the patch.

When the viscosity values of the epoxies used in the patching process are examined in table 3, it is seen that
the lowest viscosity value is in Duratek® (i, = 0.95 Pa.s), followed by Polisan® (z¢p,; = 2.85 Pa.s), and the
highest is in Loctite® (14, .. = 150-300 Pa.s). The viscosity value indicates the fluidity of the epoxy and its ability
to wet the fibers. Epoxies with low viscosity exhibit superior adhesion properties because of their ability to wet
the fibers and layers better. When the effects of the resin type and patch geometry were evaluated, the strength
values of the resins were Duratek® (o¢p, = 71-76 MPa), Loctite® (o1 oc = 32.2 MPa), and Polisan®
(0¢pol = 31.53 MPa) (table 3). Therefore, Duratek was more advantageous when the tensile properties were
compared. The fact that the tensile strength and modulus of the composites patched with Duratek® are higher
than those of the other composites seems reasonable in terms of both resin viscosity and resin strength. For this
reason, the average tensile strength of the samples patched with Duratek® is 8.7% higher than Loctite® and 2.2%
higher than Polisan®, regardless of the patch geometry and curing conditions (figure 11(a)). In terms of tensile
modulus, Loctite® has a negligible advantage, and the average tensile modulus of the samples patched with
Loctite® is 0.3% higher than Duratek® and 4.7% higher than Polisan® (figure 11(b)). In terms of flexural
properties, the Loctite® patch appeared to be more advantageous. The average flexural strength and modulus of
the samples patched with Loctite® were 4.0% and 23.5% higher than those of Duratek® and 11.8% and 10.3%
higher than those of Polisan®, respectively (figures 11(c) and (d)).

3.3. Effect of the roughness of the patch surfaces

In the machining of composites, the number of cutting edges of the cutting tool and roughness of the machined
surface are directly proportional [45]. A cut-off length of 0.8 mm was employed for each roughness
measurement, and an evaluation (sampling) length of 4 mm (5 x 0.8 mm) was set in accordance with the ISO
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Table 5. Comparison of some key parameters in this study with those in other studies.

Recovery rate of mechanical properties (%)

Patch References
Tensile Flexural

Geometry (shape) Method Fiber Matrix or adhesive

a E, af Ey
square (@), circle (©) and hexagonal (@) Double-sided external patch Carbon prepreg Epoxy 5-16 N/A N/A N/A [9]
rectangular @) Stepped scarf (ply-by-ply) Carbon prepreg Epoxy 65-69 92-96 N/A N/A [10]
rectangular@) One-sided external patch Glass cloth Epoxy 38 N/A N/A N/A [11]
circle (®) Stepped scarf (ply-by-ply) Carbon prepreg Epoxy N/A N/A 82 N/A [12]
circle (©) Stepped scarf (ply-by-ply) Carbon cloth Epoxy 80-95 N/A N/A N/A [13]
circle arc (U), square (L)) and triangle (\/) One-sided external patch Carbon prepreg Ni-based solder N/A N/A 54-69 N/A [14]
square (LJ) One-sided external patch Carbon prepreg Ti-based solder N/A N/A 69-92 N/A [47]
circle (®) Double-sided external patch Carbon cloth Araldite epoxy 68—69 N/A N/A N/A [15]
circle (®) Stepped scarf (ply-by-ply) Carbon prepreg Epoxy 85-90 N/A N/A N/A [16]
triangle (\/) Covering the damage with fibercloth Carbon prepreg Epoxy 67-99 74-117 N/A N/A [28,29]
rectangular (U) and half hexagonal ©7) Filling with continuous glass fiber impregnated with resin Single end glass roving Epoxy 84-94 79-89 61-65 84-99 This study

oy: tensile strength (MPa), E;: tensile modulus (MPa), oy: flexural strength (MPa), E;: flexural modulus (MPa).

suiysiiand dol
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4287-1 standard [46]. For the U-scratch surface (SSy), R, = 3.253 +0.423 pm and R, = 28.190 +4.732 umy;
for the V-scratch surface (SSy), R, = 1.699 + 0.075 pm and R ,,, = 14.510 4 0.814 pm were measured
(figure 12).

The tool used to open the U-scratch had three cutting edges, whereas the tool with two cutting edges was
used for the V-scratch (figure 3). Therefore, the roughness of the U-scratched surface was approximately
1.9 x higher than that of the V-scratched surface (figure 12). When the SEM images of the fracture surfaces in
the Uand V patches in figure 13 were examined, it was observed that the V-patch was more easily peeled off from
the composite plate against the applied load, and the fibers in the patch remained clearly in the middle. On the
other hand, the U-patch is seen to resist the load more because of better adhesion, and the fiber traces in the
patch are not clear. Surfaces with higher porosity, rougher and more obvious fiber ends that are subject to
discontinuity in the main composite component provide better adhesion of the patch filler.

4, Conclusion

Within the scope of this study, a prototype patch device was developed to repair deep scratch damage for
composite surfaces used in aircrafts. The key parameters in this study were compared with those in other studies
(table 5). As shown in table 5, previous studies have primarily examined the tensile strength and modulus to
determine the recovery rate of repaired composite materials. However, in this study, the recovery of the tensile
and flexural strengths, as well as the tensile and flexural moduli, was also examined and compared with the
literature. Additionally, analyses were performed on the patch processes that could be performed using the
relevant device. In general, the following key conclusions were reached.

+ The mechanical properties of the specimens repaired through the process developed in this study exhibited
satisfactory improvements compared to those of the original specimens. This enhancement was contingent
upon factors such as the patch geometry, epoxy type, and curing conditions.

+ The stress concentration factor of the U-geometry is lower than that of the V-geometry. Therefore,
U-geometry damage carries less stress, is less prone to fracture, and has a higher strength than V-geometry
damage regardless of the patch. Consequently, sharp-cornered steps, grooves, or sections should be avoided as
much as possible in patch geometries, and circular arc transitions should be used for sudden shape changes.

+ Theincrease in the patch geometry and roughness of the adhesion surfaces increases the strength of the
repaired sample in direct proportion.

+ Although the increase in resin viscosity reduced the tensile strength of the repaired sample, the increase in
resin strength also increased the sample strength. Therefore, Duratek® is advantageous in terms of its tensile
properties. The fact that the tensile strength and modulus of the composites patched with Duratek® were
higher than those of the others is logical in terms of both resin viscosity and resin strength. In terms of flexural
properties, the Loctite® patch appeared to be more advantageous.
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