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Abstract. Rapid and accurate description of battle damage is the first step in aircraft battle damage repair 

(ABDR). The standardized description of damage information is the basis of the construction of aircraft 

battle damage data model. This paper studies and analyses the statistical description of battle damage in the 

view of definition, damage mode and cause classification of battle damage, so as to obtain the basis for 

standardized description of battle damage information. 

1 Introduction 
It is an important way to improve the sustained combat 

capability of aviation forces by repairing the damaged 

aircraft. Rapid and accurate assessment of battle damages 

is an important part of aircraft battle damage repair [1]. 

Due to the uncertainty of battle damage, the description 

of aircraft battle damage information presents the 

possibility of diversification compared with general fault 

information processing. In addition, while analyzing and 

processing aircraft damages, it is limited to the personnel 

level of information processing and analysis preference. 

In the digital era, the battle damage information without 

standardized processing will increase the degree of 

information fuzziness, so as to restrict the realization of 

related functions, and increase the difficulty of equipment 

reliability support for the future intelligent system 

applications such as data analysis system, expert 

evaluation system, and battle damage repair resource 

platform [2-4]. 

In order to solve such problems, provide support for 

data analysis system, expert evaluation system, battle 

damage repair resource platform and other system 

modeling, improve the confidence of data information, 

and carry out the research on digital auxiliary technology 

of aircraft battle damage repair, it is necessary to re-

describe the information from the definition and elements 

of battle damage information without changing the nature 

of information. At the initial stage of information 

generation, the influence of human factors on information 

quality is eliminated, and the data information is 

transformed into data resources that can guide the later 

work and can be used for quantitative analysis. 

2 Definition of aircraft battle damage 
In GJB 3897-1999, technical manual preparation 

requirements for aircraft battle damage assessment and 

repair [5], the definition of aircraft battle damage is 

described as "battle damage, random failure, consumable 

failure, human error, accident, shortage of maintenance 

supplies and environmental change and other events that 

hinder the aircraft from completing the scheduled tasks in 

wartime". 

Among them, "random fault, consumable fault, 

human error" have been studied in daily maintenance [6, 

7], and the related statistical description has standardized 

requirements and corresponding research, which are not 

discussed in this paper. This paper mainly studies the 

mode and cause classification of battle damages and 

accidents. Before mode and cause discuss, we firstly 

focus on the elements classification of aircraft battle 

damage information. 

3 Elements of aircraft battle damage 
information 
According to the definition, combined with the actual 

situation and processing process, the aircraft battle 

damage information can be divided into basic damage 

information, battle damage presentation, cause analysis, 

treatment measures, processing results and so on [6]. 

3.1 Basic information 

Basic information of battle damage includes damage date, 

place, affiliated unit, aircraft type, number, crew, etc. 

these type of information usually are in fixed formats and 

well known [7]. This type of information always has 

strict format requirements.  

3.2 Damage appearance 

Damage appearance means the presentation of battle 

damage. It includes the damaged system/subsystem, 
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name of damaged parts, model of damaged parts, mode 

of battle damages, and specific phenomenon of damaged 

aircraft or system [8]. 

3.3 Causes 

The causes of damage need to be analyzed. It includes the 

classification of the causes of battle damages, the specific 

causes of battle damages, and the analysis process [9]. 

3.4 Treatment methods 

The treatment methods include repair methods, necessary 

supporting equipment / tools and inspection methods. 

3.5 Results 

The treatment results includes man-hour, processing total 

time, environment conditions, aircraft restrictions, etc. 

4 Standardized classification of battle 
damage information 
The normalization of damage information description is 

to standardize the five elements of damage information. 

Through the analysis, the description can be divided into 

three categories for normalization [6, 10]. 

4.1 Type A information 

Type A information means that there is no need to 

analyze and define the format or content separately. It 

mainly includes damage date, unit, aircraft and related 

systems. This type of information has strict format 

requirements. It is not allowed to fill in the information 

with correct content but wrong format [11]. 

4.2 Type B information 

Type B information means that there is no need to fill in 

the content of standardization. It mainly includes the 

consequence of battle damage, the specific phenomenon 

of damage and the cause of damage. This type of 

information is mainly explanatory information, which 

requires detailed and accurate description, clear 

organization, clear logic and clear follow-up. 

4.3 Type C information 

Type C information means that detailed and standardized 

definition is needed. It mainly includes the mode of battle 

damage and the classification of its causes [12]. The 

division of these two aspects will be described in detail 

below. 

 

 

 

5 Standardization of battle damage 
mode 
Considering the urgency of carrying out battle damage 

repair in battlefield environment, the description of 

aircraft battle damage mode should meet the following 

requirements [14-16]: 

1) Brevity: it is not necessary to note the damage 

mode when it is not necessary. 

2) High efficiency: in all damage categories, no more 

than four comparative analyses are required to identify a 

particular damage. 

3) Easy to identify: when confirming the mode of a 

certain damage, multiple modes cannot be selected in 

70% of cases. 

4) Low interference: in 90% of cases, different people 

cannot have different understanding of the damage mode. 

In practical use, the convenience of analysis should be 

fully considered, and the division of battle damage modes 

must be reasonable. If the division is too detailed, it will 

be difficult to use, and if too few, the boundary will be 

unclear. There are two main approaches to the study of 

aircraft damages. 

According to literature [1, 17], the battle damage 

modes were divided into the following 19 categories: 

grooving, spalling, performance change, pit, hole, 

deformation, crack, surface damage, burn, fracture, notch, 

wear, loose connection, sticking, open circuit, short 

circuit, poor contact, biological damage and soft damage. 

In reference [8, 18], the battle damage modes were 

divided according to different causes (such as fragments, 

projectiles, burns, etc.), different materials (composite 

damage, organic glass damage, etc.), structure / location 

and damage degree (large-area deformation, small-area 

damage of a certain part, etc.) [19]. 

The two classification methods above both have 

limitations in practice. For example, the classification 

method in literature [1] has the following limitations: 
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Fig. 1. Classification of aircraft battle damage modes 

 

First of all, classification is not easy to identify, such 

as pit and deformation, groove and crack, etc., which is 

easy to cause ambiguity and cause unnecessary 

interference. 

Secondly, the names of some battle damage modes 

are not clear enough, and different people may have 

different understandings. 

Moreover, the classification does not cover all battle 

damages. For the damage of aircraft functional system, 

cable line and hydraulic pipeline, the existing 

classification fails to cover. 

At the same time, the classification methods in 

reference [8, 20-22] are not clear and easy to identify. 

Based on the further analysis of the battle damage and 

repair needs of aircraft, the battle damage modes can be 

divided into three categories: airframe structure, airborne 

system and cable / pipeline according to different major 

specialties, and then subdivided according to the specific 

damage forms. The proposed classification of battle 

damage patterns is shown in Fig. 1 above. 

According to the classification above, we classify the 

cable damage into six kinds below in Fig. 2.  The 6 kinds 

of damage mode are “cable cut off”, “insulation burned”, 

“sleeve worn”, “shield sleeve worn”, “connector broken” 

and “connector clamp bent” [11].  
 

  
Cable cut off Cable insulation burned 

  
Cable sleeve worn Cable shield sleeve worn 

  
Cable connector broken Cable connector clamp bent 

Fig. 2. Examples of cable damage classification 

6 Standardization of causes of battle 
damages 
The causes of battle damages can be divided into the 

following categories: 

Direct damage. It is caused by shrapnel and shock 

wave; the appearance characteristics of this kind of 

damage are obvious and easy to judge, and the main 

manifestation is through damage, deformation and 

spalling. 

Indirect damage. It means chemical, impact, 

secondary, airframe fatigue, etc.; this kind of damage is 

often caused by direct damage transmission, or because 

of the bad combat environment, or because of the 

increase of combat intensity, resulting in airframe fatigue, 

pilot’s failure operation, etc. 

Burn damage. It’s the damage of the aircraft structure 

and internal systems caused by fire and overheating in the 

air or on the ground; the manifestations of such damage 

are various, which may not only cause the deformation of 

aircraft structure or surface coating damage, but also 

cause the failure of internal cable pipelines and system 

components. 

Other damage. It includes the damages caused by new 

concept weapons, such as graphite bomb, electromagnetic 

pulse weapon, nuclear weapon, etc. 

7 Results and discussion 
With the help of the standardization of the above 

classification methods, a standardized description of the 

aircraft battle damage case in practice is analyzed. The 

following are two actual cases [23]. 

7.1 Case one 

Here are two descriptions of battle damages, one of 

which is "One actuator and two hydraulic hoses in the 

hydraulic chamber were damaged" and the other is "The 
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oil inlet pipe joint of the flat tail’s integrated control valve 

was slightly leaking." According to the descriptions, the 

two damages can be considered as two completely 

different types. One belongs to "damaged hose" and the 

other belongs to "oil leakage". Without standardization, 

the damage mode of the first may be described as "hose 

damage", "hydraulic hose’s hole", "actuator hose crack", 

"hydraulic hose failure", etc.; and the other maybe 

described as "oil leakage", "pipeline leaking", "control 

valve damage" and so on. However, after researching and 

analyzing on the damage mode and description 

standardization, the damage mode of both cases will be 

determined as "allowable leakage". They both belong to 

the same damage mode [24-25]. 

Hence, two seemingly irrelevant cases of battle 

damage are determined to be of the same type after the 

analysis of the damage mode.  

7.2 Case 2 

A certain aircraft battle damage information once was 

described as "disconnected to the automatic flight control 

system was found during air combat." Through the 

analysis of the damage, it is concluded that the source of 

the problem is not the failure of the automatic flight 

control system, but the damage of the angle of attack 

sensor of the avionics system [26-28]. Therefore, the 

damage mode should actually be "equipment damage - 

abnormal electronic equipment - abnormal operation of 

flight control equipment - abnormal response - unstable 

operation - data jumping" instead of "abnormal response - 

abnormal disconnection" [29]. 

8 Conclusions 
One of the most important characteristics of aircraft battle 

damage repair, which is different from peacetime 

maintenance, is its time cost limitation on battle damage 

assessment and repair. Standardizing the description 

information of aircraft battle damage not only helps to 

reduce the time cost in battle damage assessment, but also 

helps to promote the application of remote assessment, 

expert assessment and intelligent assessment. In view of 

the difference of external threat sources, combat 

environment and the diversity of aircraft battle damage, 

the research on the standardization of battle damage 

mode and causes classification has not yet finished, and 

there will be a long distance before it reaches practice 

level.  
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