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IMPROVEMENT OF THE REPAIR METHOD OF THE AIRCRAFT COMPONENTS 

MADE OF POLYMER COMPOSITE MATERIALS WITH OPERATIONAL DAMAGE 
 

The subject of study in this article is the repair method of the aircraft (A/C) components made of polymer com-

posite materials (PCM) with operational damage. This article improves the repair method of the A/C PCM 

components with cracks and holes. Objectives: to improve the repair method of operational damage of the A/C 

PCM components by layer-by-layer removal of the defective area using a milling tool; propose dependencies to 

determine the serviceability period of the damaged area, considering the safety factor and geometric parameters 

of the defect. The following methods are used: analysis of existing and common repair methods of the A/C PCM 

components, mathematical approaches for their evaluation based on solving systems of equations. According to 
the analysis, the shortcomings of existing and common repair methods of the A/C PCM components with cracks 

and holes are identified. A proposal is made to improve the adhesive repair method of the A/C PCM components 

by using a milling tool with a curved cutting edge with a radius of curvature from 3 mm to 5 mm. The main 

stages of such repair are updated by filling the repair area with isotropic polymer paste. The dependencies of 

the geometrical parameters of layer-by-layer milling on the strength of the A/C PCM components are shown, 

considering the operating loads, calculated loads, and safety factors. The scientific novelties of the obtained 

results are as follows: the repair method of the A/C PCM components with operational damage using layer-by-

layer milling with shaped radial mill to remove PCM layers in the defective area followed by filling the repair 

area with isotropic polymer paste is improved; the dependencies of geometric and strength parameters of the 

defective area of the A/C PCM components are established, which allow to easily determine the time of defect 

development before the destruction of the structure and the temporary period of serviceability of the A/C PCM 
components. The proposed improvement of the repair method will increase the period of operation of the A/C 

PCM components in general, which may be the next study.  
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Introduction 
 

Modern aviation world is characterized by the use 

of different materials. Among metal materials, steel, tita-

nium, aluminum, and others are in the greatest demand. 

Aluminum has a high-quality ratio of strength and 

weight, good molding ability, corrosion resistance and 

the ability to recycle it for reuse. These properties allow 

to change heavier copper and steel in some aircraft. 

Nowadays in the aviation industry the use of non-

metallic materials, such as PCM, is rapidly developing. 

PCM can be both stand-alone materials and in combina-

tion with metal, which allows to combine several proper-

ties that are not usually found in one material. For exam-

ple, aluminum has a relative lightness and satisfactory 

strength, which is sometimes insufficient for the use of 

this material in critical structures of the A/C. Therefore, 

aluminum is additionally reinforced with boron fibers 

from refractory compounds (carbides, nitrides, borides 

and oxides), which have high strength [1]. 

Non-metal reinforcement is also used in aircraft 

structures with PCM, for example, to increase the load-

bearing capacity of the A/C elements by transverse rein-

forcement [2]. 

The use of metallic and non-metallic materials both 

together and separately allowed to divide them into metal 

matrix composites (MMC), ceramic matrix composites 

(CMC) and polymer matrix composites (PMC) [3]. 

The competitiveness of PMC or PCM in relation to 

metals largely depends on the stability of their physical 

and mechanical properties, ease of control and repair of 

damage occurring during the A/C operation. 

Repair of external damage of the A/C PCM compo-

nents is caried out in accordance with the A/C operation 

and repair requirements, provided by the A/C designer. 

The repair methodology depends on the defect and 

the damaged component type and must ensure the resto-

ration of the structure to the state of A/C airworthiness. 

Materials that can be used for repair are described 

in detail by the A/C designer in the relevant sections of 

the operating documentation. 
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The repair quality of PCM aviation parts and PCM 

multilayer adhesive structures should be confirmed by 

non-destructive testing (NDT) [4]. Modern NDT meth-

ods include reengineering technology, which can be used 

to control geometry of the unit surfaces based on a three-

dimensional model according to analytical standard at all 

stages of the A/C lifecycle [5]. 

The most common defects of PCM structural ele-

ments are holes and cracks, which account for 60 % of 

total number of the defects’ types [6, 7]. Similar A/C de-

fects can occur at the production stage of the A/C PCM 

structures [8]. Among the NDT methods for such defects, 

the most common is the acoustic testing method [9]. 

Repair of the A/C PCM components with holes and 

cracks is usually based on the installation of repair inserts 

[10]. Today, popular methods of repair with inserts for 

such defects are: 

 with the use of autonomous repair systems, the 

effectiveness of which is given in [11]; 

 mechanical – setting a temporary patch (metal 

or made of PCM) using bolted joints [12]; 

 adhesive – layer-by-layer removal of the com-

ponents’ damaged areas followed by the layup of pre-

preg layers (Fig. 1) or installation of repair material [13]. 

 

 
 

Fig. 1. Pre-preg layup in the repair area during the layer-

by-layer removal of defective layers 

 
The use of autonomous repair systems is a promis-

ing area, but is currently expansive and their use should 

be economically justified. 

Installation of temporary metal or PCM patch with 

bolted joints has a significant disadvantage – the protru-

sion of the mounting heads on the outer aerodynamic sur-

face, which degrades the A/C aerodynamic characteris-

tics, as well as inability to ensure uniform load distribu-

tion in the structure from the repaired area. 

The adhesive repair method with gluing of the com-

posite patch, in comparison with a mechanical method, 

has no such shortcomings and provides effective loading 

redistribution from a defective area on a patch that essen-

tially reduces the stresses concentration in the structure. 

The only disadvantage of the adhesive method is 

that the layer-by-layer removal of the damaged area in 

the perpendicular direction of the fibers creates stress 

concentrators (Fig. 2), which reduces the fatigue strength 

of the A/C PCM components repaired area. 

 
 

Fig. 2. Scheme of stress concentrators placement during 

the layer-by-layer removal of defective layers 

 

Despite the shortcoming of the adhesive method of 

the A/C PCM components repair, today it is the most 

common among the methods of repairing multilayer 

structures and structures with honeycomb or tubular fill-

ers [14], so research to improve the method of repairing 

the A/C PCM components with holes and cracks while 

maintaining the strength of the repaired area, as well as 

the possibility of establishing a temporary period of ser-

viceability of the damaged area is an urgent task. 

 

1. Statement of research tasks 
 

To improve the method of repairing the A/C PCM 

components operational damage, the following tasks 

should be solved: 

 improve the repair method of the A/C PCM 

components operational damage by layer-by-layer re-

moval of the defective area using a milling tool with ra-

dius R; 

 suggest dependencies to determine the tempo-

rary period of serviceability of the damaged area, taking 

into account the safety factor and geometric parameters 

of the defect to ensure operational strength. 

 

2. Improving the method of repairing the 

A/C PCM components operational damage 
 

In this paragraph the improvement of the repair 

method of the A/C PCM components operational damage 

by layer-by-layer removal of the defective area using a 

milling tool is suggested. The mill has a curved cutting 

edge with a curvature radius R from 3 mm to 5 mm, 

where the size of the mill radius depends on the depth of 

the repaired component’s defective area (Fig. 3). 
 

 
 

Fig. 3. Milling scheme of the defective area of the A/C 

PCM component, where R is the mill radius 
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Repair of operational physical damages of the A/C 

PCM components consists of the main stages: 

 layer-by-layer milling of the component’s re-

paired area; 

 treatment of milled surface with means that in-

crease the adhesive properties of the surface, such as ВК-

25 glue [15] and reduce the risk of cracks between the 

layers [16]; 

 filling the obtained recess with a composition of 

isotropic paste, with its subsequent treatment by vibration 

(sound or ultrasonic frequencies) to reduce internal voids, 

which is further proposed by the authors; 

 polymerization, application of protective coat-

ings on the component according to the component’s 

manufacture and repair technological process. 

Isotropic paste is a material that consists of two 

components: a matrix (binder) and a filler (reinforce-

ment). Components from short-dimensional segments 

(2 … 7 mm) of a certain type of fiber are used for rein-

forcement [17]. In such pastes, high-strength fibers carry 

the main stress that arises in it under the action of external 

loads, and provide rigidity and strength of the repaired 

element in all directions of load. 

The matrix that fills the interfiber space ensures the 

joint work of individual fibers due to its own rigidity and 

interaction that exists on the matrix and fiber boundary. 

It should be noted that when milling of the repair 

recess, an area with rough surface is formed, which pro-

motes a more stable adhesive bond of the isotropic paste 

with the material of the component being repaired. 

Advantages of this repair type, compared to the typ-

ical adhesive method, are: 

 reduction of the material volume removed by 

milling and increase of the repaired components strength 

due to use of the mill with radius R; 

 reduction of the stress concentrators impact on 

the fatigue strength due to the smooth transition between 

the intersection of the created planes during milling; 

 increase of the repaired area fatigue strength by 

applying a layer of glue; 

 reduction of the internal cavities due to vibra-

tion treatment (sound or ultrasonic frequencies). 

 

3. Analysis of the layer-by-layer milling  

geometrical parameters influence  

on the A/C PCM components strength 
 

For the analysis of the layer-by-layer milling geo-

metrical parameters influence on the strength of the A/C 

PCM components to be repaired by the proposed method, 

the experimental parameters that schematically shown in 

Fig. 4 are determined: pF  is the calculated tensile force 

acting on the PCM structural element during operation; 

a  is the A/C PCM component thickness at the place of 

repair; b  is the depth of single-layer milling; ac  is the 

width of single-layer milling; R  is the connection radius 

determined by the mill radius; I I  is the cross-section 

of the product with the defect being repaired in the place 

of a solid array; II II  is the cross-section of the product 

with the defect being repaired in the place of material re-

moval for further isotropic paste application. 

 

 
a 

 
b 

Fig. 4. Calculation scheme of the repair area 

of the A/C PCM component:  

a – longitudinal section; b – cross-section 

 

It is known that all structural elements (including 

the A/C skin) carry certain types of loads and alternate 

loads, such as stretching, compression, bending, torsion 

[18]. The most critical are tensions from tensile forces 

(stretching) [19]. 

In practice, the strength requirements are deter-

mined by operating loads (maximum actual loads aF  that 

are possible during operation) and the calculated loads 

cF  (operational actual loads aF  multiplied by the estab-

lished safety factors f) [20]. 

When designing a specific structure of the A/C 

PCM component, the calculated loads are used 

 

c aF F f .      (1) 

 

The coefficient f  is assumed to be equal to 1.5. Un-

der this condition, the tensile stress 1σ , which arises and 

acts in the element of the A/C PCM component (cross-

section I I , Fig. 4, a) is equal to 
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c
1

1

F
σ ,

S
        (2) 

 

where 1 aS ac  is the undamaged part of the A/C PCM 

component element plain (cross-section I I ). 

The actual operating stress 
2σ  that arises and 

stretches the structure of the A/C PCM component from 

the remote defective area (cross-section II II , Fig. 4, 

b) is equal to 

 

c
2

2

F
σ ,

S
       (3) 

 

where  2 aS a b c  . 

It is known from the failure theory that the failure 

of a structure does not occur until the acting internal 

stress arising in the structure does not exceed the region 

of ultimate tensile strength tuσ  of the material from 

which it is made [21] 

 

1 tuσ σ / f.           (4) 

 

During the A/C flight operation, there may be case 

when the malfunction of the A/C PCM component is 

formed during post- or pre-flight service at the airport, 

where there are no conditions to remove the detected de-

fect. 

In this case, it is necessary to determine how much 

the detected defect has reduced the life of the A/C PCM 

component and predict the time to complete breaking, 

i.e., it is necessary to establish the ability to fly to the 

main base (base airport). For this purpose, it is necessary 

to measure the defective area and determine the maxi-

mum depth of, for example, crack, or depth of the local 

deformation area. 

In the case of partial destruction of the structural el-

ement of the A/C PCM component, the operation contin-

ues due to the built-in safety factor f of the element (4). 

With the increase of the initial defect of the struc-

ture of the A/C PCM component, the actual tensile stress 

2σ  will increase until the moment of its destruction, 

when 2 tuσ σ . 

To simplify the definition of equations, formula (3), 

taking into account 2S , can be turned to the following: 

 

c
2

a

F
σ .

b
ac 1

a


  

  
  

  (5) 

 

Taking into account formulas (5) and (2), it is pos-

sible to obtain a simplified formula for calculating the al-

lowable stresses of the A/C PCM components: 

 

2 1

1
σ σ .

b
1

a

 
 

  
 
 

  (6) 

 

Based on equation (6), it is possible to build the 

graph of dependencies of the actual tensile stresses 2σ  

on the geometric parameters of the defect b / a  as a func-

tion of different values of the safety factors f : 1.3, 1.5, 

1.7, 2.0, where ab / a  is the actual value of the geometric 

parameter as a result of the defective area of the structural 

element of the A/C PCM component; 2aσ  is the actual 

tensile stress (point B) in the weakened cross-section of 

the defective area of the structural element of the A/C 

PCM component;  
cr

b / a  is the critical value (point A

) of the geometric parameter b / a  of the defective area 

of the structure of the A/C PCM component, which will 

cause its destruction without repair (Fig. 5). 

Assuming that at the last structure diagnosis of the 

A/C PCM component no physical defect was detected, 

and at the next diagnosis after time 1t  the actual defect 

with parameters ab / a  was detected, then according  

to the graph (Fig. 5): f 1.5,  ab / a 0.15,  

2a tuσ 0.79σ . 

Assuming that the gradient of defect development 

(increase of geometric parameter b / a ) remains con-

stant, it is easy to determine the time 2t  of defect devel-

opment in the structure of the A/C PCM component until 

its complete destruction 

 

cr
2 1

a

b

a
t t .

b

a

  
  
  
  
    

        (7) 

 

The temporary period Δt  of the structure servicea-

bility of the A/C PCM component with an operational de-

fect is determined by the formula: 

 

cr
2 1 1

a

b

a
Δt t t t 1 .

b

a

   
   
       

   
      

 (8) 
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Fig. 5. Graph of dependencies of the actual tensile stress 2σ  from geometric parameter b/a of the defective area  

of the A/C PCM component at different values of the safety factor f  

 

By the value of t , a decision is made on the suffi-

ciency of time to move the A/C to the repair base or the 

need for its immediate repair at the parking area with the 

call of the appropriate crew with the equipment. 

 

Conclusion 
 

1. The analysis of the existing repair methods of the 

A/C PCM components showed the advantages of the ad-

hesive repair method of such structures with operational 

damage – holes or cracks. 

2. The relevance of research on the adhesive repair 

method improvement of the A/C PCM components with 

operational damage, which allows to maintain the 

strength of the repaired are, is confirmed. 

3. The repair method of the A/C PCM components 

with operational damage is improved by using layer-by-

layer smooth milling with the help of shaped radial mill 

to remove the PCM layers in the defective area, followed 

by filling the repair area with isotropic polymer paste. 

4. The analysis of the geometric parameters influ-

ence on the strength properties of the A/C PCM compo-

nents is given, which allows to establish the dependen-

cies of the actual tensile stress 2σ  on the geometric pa-

rameter b/a of the defective area of the A/C PCM com-

ponent at different values of safety factor f . 

5. Dependencies for determination of temporary pe-

riod Δt  of repair area serviceability taking into account 

safety factor and geometric parameters of defect are of-

fered and justified. The value of Δt  allows to established 

the time of possible operation or its absence and the im-

possibility of operation of the A/C PCM component with 

operational damage. 
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УСОВЕРШЕНСТВОВАНИЕ МЕТОДА РЕМОНТА СОСТАВНЫХ ЧАСТЕЙ  

АВИАЦИОННОЙ ТЕХНИКИ ИЗ ПОЛИМЕРНЫХ КОМПОЗИЦИОННЫХ МАТЕРИАЛОВ  

С ЭКСПЛУАТАЦИОННЫМИ ПОВРЕЖДЕНИЯМИ 

А. В. Андреев, Е. В. Майорова, Б. В. Лупкин, М. Н. Бойко, Ю. А. Корольков 

Предметом изучения статьи является метод ремонта составных частей (СЧ) авиационной техники (АТ) 

из полимерных композиционных материалов (ПКМ) с эксплуатационными повреждениями. Целью является 

усовершенствование метода ремонта СЧ АТ из ПКМ с трещинами и пробоинами. Задачи: усовершенствовать 

метод ремонта эксплуатационных повреждений СЧ АТ из ПКМ путем послойного удаления дефектной зоны 

с применением фрезерного инструмента; предложить зависимости определения временного периода работо-

способности поврежденной зоны с учетом коэффициента безопасности и геометрических параметров де-

фекта. Используемые методы: анализ существующих и распространенных методов ремонтов СЧ АТ из ПКМ, 
математические подходы для их оценки на основе решения систем уравнений. Согласно проведенного ана-

лиза установлены недостатки распространенных и существующих методов ремонтов СЧ АТ из ПКМ с тре-

щинами и пробоинами. Предложено усовершенствование клеевого метода ремонта СЧ АТ из ПКМ путем 

применения фрезерного инструмента с криволинейной режущей кромкой с радиусом кривизны от 3 мм до 5 

мм. Обновлены основные этапы такого ремонта путем заполнения ремонтной зоны полимерной изотропной 

пастой. Показаны зависимости геометрических параметров послойного фрезерования и прочности СЧ АТ из 

ПКМ с учетом эксплуатационных нагрузок, расчетных нагрузок и коэффициента безопасности. Научная но-

визна полученных результатов заключается в следующем: усовершенствован метод ремонта СЧ АТ из ПКМ 

с эксплуатационными повреждениями использованием послойного фрезерования с помощью фасонной ради-

усной фрезы для удаления слоев ПКМ в зоне дефекта с последующим заполнением зоны ремонта изотропной 

полимерной пастой; установлены зависимости геометрических и прочностных параметров дефектной зоны 
СЧ АТ из ПКМ, позволяющие легко определить время развития дефекта до полного разрушения конструкции 

и временный период работоспособности СЧ АТ из ПКМ с повреждением. Предлагаемое усовершенствование 

метода ремонта позволит увеличить период эксплуатации СЧ АТ из ПКМ и АТ в целом, что может стать 

следующими исследованиями. 

Ключевые слова: авиационная техника; полимерный композиционный материал; ремонт; эксплуатаци-

онное повреждение; послойное фрезерование; прочность. 

 

УДОСКОНАЛЕННЯ МЕТОДУ РЕМОНТУ СКЛАДОВИХ ЧАСТИН  

АВІАЦІЙНОЇ ТЕХНІКИ З ПОЛІМЕРНИХ КОМПОЗИЦІЙНИХ МАТЕРІАЛІВ  

ІЗ ЕКСПЛУАТАЦІЙНИМИ ПОШКОДЖЕННЯМИ 

О. В. Андрєєв, К. В. Майорова, Б. В. Лупкін, М. М. Бойко, Ю. А. Корольков 

Предметом вивчення в статті є метод ремонту складових частин (СЧ) авіаційної техніки (АТ) з полімер-
них композиційних матеріалів (ПКМ) із експлуатаційними пошкодженнями. Метою є удосконалення методу 

ремонту СЧ АТ із ПКМ з тріщинами та пробоїнами. Завдання: удосконалити метод ремонту експлуатаційних 

пошкоджень СЧ АТ із ПКМ шляхом пошарового видалення дефектної зони із застосуванням фрезерного ін-

струменту; запропонувати залежності для визначення тимчасового періоду працездатності пошкодженої зони 

з урахуванням коефіцієнта безпеки та геометричних параметрів дефекту. Використовуваними методами є: 

аналіз існуючих і розповсюджених методів ремонтів СЧ АТ із ПКМ, математичні підходи для їх оцінювання 

на основі розв’язання систем рівнянь. Отримані такі результати. Згідно проведеного аналізу встановлено не-

доліки розповсюджених і існуючих методів ремонтів СЧ АТ із ПКМ з тріщинами та пробоїнами. Надано про-

позицію з удосконалення клейового методу ремонту СЧ АТ із ПКМ шляхом застосування фрезерного інстру-

менту, що має криволінійну ріжучу кромку з радіусом кривизни від 3 мм до 5 мм. Оновлені основні етапи 

такого ремонту шляхом заповнення ремонтної зони ізотропною полімерною пастою. Показані залежності ге-
ометричних параметрів пошарового фрезерування на міцність СЧ АТ із ПКМ з урахуванням експлуатаційних 

навантажень, розрахункових навантажень та коефіцієнта безпеки. Висновки. Наукова новизна отриманих ре-

зультатів полягає в наступному: удосконалено метод ремонту СЧ АТ із ПКМ з експлуатаційними пошкоджен-

нями використанням пошарового фрезерування за допомогою фасонної радіусної фрези для видалення шарів 

ПКМ у зоні дефекту з наступним заповненням зони ремонту ізотропною полімерною пастою; встановлені 

залежності геометричних та міцнісних параметрів дефектної зони СЧ АТ із ПКМ, які дозволяють легко ви-

значити час розвитку дефекту до повного руйнування конструкції та тимчасовий період працездатності СЧ 

АТ із ПКМ з пошкодженням. Запропоноване удосконалення методу ремонту дозволить збільшити період екс-

плуатації СЧ АТ із ПКМ та АТ в цілому, що може стати наступними дослідженнями. 

Ключові слова: авіаційна техніка; полімерний композиційний матеріал; ремонт; експлуатаційне пошко-

дження; пошарове фрезерування; міцність. 
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