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Abstract 

Solid Rocket Motor needs long-term storage and can only be used once. Whether it has a 
long storage life determines its application prospect. Therefore, it has always been a hot 
topic in the industry that how to monitor and predict the health status of Solid Rocket 
Motor. Digital twin provides a new idea and way for the design and operation of complex 
equipment system with its characteristics of virtual reflecting reality, virtual controlling 
reality and virtual reality interaction. Aiming at the problem of health monitoring and 
failure prediction of solid rocket motor, this paper analyzes the factors that may cause 
the failure of solid rocket motor from the aspects of shell, grain, adhesive interface and 
nozzle. The architecture of health monitoring and failure prediction system based on 
digital twin is designed for solid rocket motor, and a four-dimensional digital twin model 
of solid rocket motor is constructed, which includes engine entity, digital twin model, 
engine database and control system. The data from entity to model and information from 
model to entity are transmitted between the engine entity and the twin model through 
the digital thread. The method of health monitoring and failure prediction of solid rocket 
motor based on digital twin is described in detail, in order to provide a new method for 
the storage and maintenance of solid rocket motor under the new technology conditions. 
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1. Introduction 

Solid rocket motor (SRM) may be damaged or even cracked during the initial cooling, long-distance 

transportation, long-term storage, service treatment and launch preparation, and the bonding interface 

may debond. If the defects are not found in time, the normal use of missile weapons will be affected, 

resulting in serious consequences. 

At present, the assessment of SRM health status at home and abroad is mostly based on the technical 

indicators formulated at the beginning of motor development, which can not adapt to the actual 

situation and specific task requirements of the motor. The emergence of digital twin provides a new 

idea and method for the life cycle management of complex equipment [1]. Health monitoring and 
failure prediction of SRM Based on digital twin technology is a technology for multi system 

monitoring, management, diagnosis and evaluation of equipment life cycle established at the 

beginning of equipment production [2]. It can realize the health monitoring and failure prediction of 

SRM, provide real-time, efficient and intelligent health management by constructing high fidelity 

SRM digital twin model. It can also quickly capture engine defects and accurately locate the cause of 

defects, so as to predict engine failure and realize damage early warning. This is of great significance 

to the safety and normal use of missile weapons. 
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2. Organization of the Text 

Solid rocket motor is mainly composed of grain, combustion chamber (shell), nozzle and ignition 

device. The failure of any one of the components will affect the performance of SRM, even cause the 

whole motor to fail. Therefore, the reliability of solid rocket motor is determined by the reliability of 

the components, especially the components that are prone to failure [3]. According to the storage 

experience for many years, the factors that easily cause failure of solid rocket motor mainly include 

the following five aspects [4]. 

2.1 Shell 

Generally, the engine shell is made of metal or composite materials. For the metal shell, the failure 

modes mainly include surface damage failure and fracture failure. The surface damage failure is 

mainly caused by corrosion and wear. The fracture failure can be divided into creep fracture and 

fatigue fracture. For composite shells, there are four main failure modes: collective cracking, 
delamination, fiber fracture and debonding [4]. The shell is the main bearing structure of solid rocket 

motor. The failure of the shell will reduce the bearing capacity of the engine, and the deformation of 

the shell will also affect the air tightness of the engine. 

2.2 Grain 

In the process of solidification cooling, long-term storage, long-distance transportation, service 

treatment and ejection, solid rocket motor will be affected by temperature, humidity, acceleration, 

ignition pressure and other loads. Under the above loads, propellant will be aged, shrinkage cavity 

and crack may occur in grain, and debonding may occur at the interface between charge / liner / shell. 

Any damage of propellant charge will lead to the degradation of engine performance, which may lead 

to launch failure. 

2.3 Nozzle 

The nozzle is mainly composed of adiabatic ablation layer, throat liner assembly, retaining ring and 

shell. It is the energy conversion device of the engine. By controlling the throat area to ensure the 

working pressure of the combustion chamber, the thermal energy generated by the combustion of the 

grain is converted into kinetic energy to push the missile forward. In addition, the nozzle can also 

control the flight attitude of the missile by controlling the thrust direction. Debonding of adiabatic 

ablative layer will lead to the decrease of anti ablative ability of nozzle. Corrosion or material aging 

of nozzle will lead to the decrease of structural strength of nozzle. The above two points are the main 

cause of nozzle failure. 

2.4 Bonding interface 

The bonding interface of solid motor includes shell/ insulation, insulation/ lining and lining/ 

propellant. Debonding is the main failure mode of bonding interface. The interface debonding will 
destroy the original designed combustion law of the grain, increase the burning surface during the 

charging process of the engine, and increase the pressure of the combustion chamber, which will 

reduce the effective working time of the engine, or even cause the engine explosion. 

2.5 Sealing structure 

The reliability of sealing structure is related to the first turning period of solid missile, and has always 

been an important factor for the industry to evaluate the life of solid rocket motor. The main factors 

leading to the failure of sealing structure [5] are: (1) The aging, damage and deformation of O-ring. 

(2) The fracture, fatigue failure and stress relaxation of bolt assembly. 

3. The method of SRM health monitoring and failure prediction based on 

digital twin 

At present, the failure judgment and life evaluation of solid rocket motor at home and abroad are 

mainly based on the technical indicators formulated at the beginning of engine design, which can not 
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be combined with the actual situation and specific task requirements of the engine. The emergence 

of digital twin technology provides a new idea and method to solve this problem. This paper proposes 

to build a SRM digital twin model including engine entity, twin model, SRM console and SRM 

database, as shown in Fig. 1. 

 

Fig. 1 Digital Twin Model of SRM 

 

SRM entity is a real solid motor, including shell, grain, ignition device, nozzle and other components; 

SRM digital model is a combination of models to realize different functions, including shell model, 

grain model and interface model, which is constructed according to the geometric dimensions of SRM 

entity and the physical properties of components; SRM database stores SRM historical data, real-time 

monitoring data, SRM geometry data, physical property data, simulation results and other information; 

The SRM management console is connected with the SRM entity through the control device. 

According to the simulation results of the digital model, the control command is produced to adjust 
the SRM entity attitude. All data and information are connected and transmitted through the data main 

line. 

The implementation process of SRM health assessment method based on digital twin is shown in Fig 

2. The historical storage and working data of the engine are collected from the development 

department, the user department and the test department. All of them are stored in the SRM database. 
According to the geometric dimensions of the SRM entity and the physical properties of the 

constituent materials, the SRM twin model is constructed. The historical data is used to correct the 

model. Different sensors are arranged on the surface and inside of SRM body to monitor the 

temperature, shell strain, grain strain, interface debonding and other data of SRM body. The Sensors 

generate real-time monitoring data, and system extracts defect features from the monitoring data. 

Environment Sensors are set up to monitor environmental data such as temperature, humidity, 

atmospheric pressure, etc. The technology of ETLA (Extract, Transform, Load, Analyze) is used to 

fuse environment data, SRM status data and attribute data, and mine the relationship between data to 

form derivative data. System captures defects through derivative data and extracted defect features, 

and transfer the obtained defect information to digital model through data main line. The digital model 
compares the existing data of the model according to the defect data. According to the incremental 

information of the data, the model updating is driven, and the real-time state of the engine can be 

represented more accurately. The updated digital model simulates the future state development trend 

of SRM entity according to its own model algorithm, and generates simulation results. The simulation 

results are transmitted to the SRM console through the digital main line. The monitoring and 

management console generates the control command for the SRM entity according to the simulation 

results. The SRM entity is controlled by the control device to adjust the corresponding attitude, so as 

to achieve the purpose of virtual control and real control and prolong the SRM storage life. 

Monitoring data, historical data, simulation data and control commands are stored in the SRM 
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database, forming a solid motor expert knowledge base, which provides data support for the next step 

of state assessment. [6] 

 

Fig. 2 The Method of SRM Health Monitoring and Failure Prediction Based on Digital Twinning 

4. Summary 

With the development of new generation information technology such as computer, big data, artificial 

intelligence, informatization and intelligence have become the key development direction in many 

fields. As the core power system of missile weapon, digital and intelligent solid motor is also the 

main melody of its future development. In view of the problem that the current solid motor health 

assessment is not closely combined with the actual situation and task requirements of the engine, 

based on the analysis of the failure factors of solid motor, this paper puts forward a method of solid 

motor health monitoring and failure prediction based on digital twin, and discusses the key 

technologies involved in the realization of the method, It provides a new idea and method for the 
health assessment of solid rocket motor under the condition of new technology. But in the process of 

implementation, the following problems should be solved. 

(1) Data sources and management. Digital twin is based on data. The more types of data and the 

longer the coverage period, the higher the accuracy of digital twin analysis and prediction. At present, 
the design and R & D data of solid motor are controlled by the R & D department, the use data of 

engine are controlled by the user department, and the monitoring and testing data of engine are 

controlled by the test department. Because of the problems of system management and confidentiality, 

it is difficult to realize data sharing among various departments. Therefore, how to coordinate the 

production units, users and testing units, realize data sharing on the premise of meeting the 

confidentiality requirements, and realize the effective fusion of solid motor life cycle data is the first 

problem to be solved in the digital twin application. 

(2) The compatibility between embedded sensors and solid propellants. In order to obtain the internal 

changes of solid propellant and bonding interface during storage and use, sensors need to be 



International Core Journal of Engineering Volume 7 Issue 11, 2021 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202111_7(11).0019 

 

105 

embedded in solid propellant and bonding interface. It is another important problem for digital twin 

application that how to solve the problems of not damaging the mechanical properties and structural 

integrity of solid propellant and bonding strength of bonding interface after embedded sensors. 

(3) The bi-directional driving between digital twin model and solid motor. Monitoring data driving 

real-time updating of digital twin model and model simulation results driving dynamic adjustment of 

physical entity are the key and difficult points in the application of digital twin[7]. How to realize the 

updating of digital twin model driven by solid motor monitoring data and the attitude adjustment of 

motor entity driven by model simulation results are also the key problems to be solved urgently in the 

application of digital twin in solid motor. 
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