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Abstract 

Ship power system fault reconstruction is essentially an automated system for power 
system fault management, which is a typical multi-objective multi-constraint non-linear 
path optimisation problem. In order to improve the total system load supply, this paper 
proposes a new design scheme of distributed reconfiguration algorithm for marine 
power system, based on an improved heuristic algorithm, From system model, 
information coordination and transmission technology to reconstruction algorithm, a 
complete system has been formed. The example shows that the algorithm has high 
efficiency, can rapidly improve the viability of the system, and can be compatible with 
different centralized reconfiguration algorithms. 
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1. Introduction 

The continuity, reliability and quality of power supply of the ship electric system are important to the 

safe and stable operation of the ship electric system. Especially, the main objective of modern marine 

power system design is to maximize the maintenance of uninterrupted power supply. At present, the 

ship power system is developing towards more-electric and even full-electric system. In order to 

improve the reliability of power supply, it is of great practical significance to carry out research on 

the reconfiguration of ship medium voltage distribution network [1][2]. 

Normally, the ship's medium voltage AC power supply system can be radial, circular or network 

structure, and closed loop operation is generally not allowed. In the process of ship power system 

reconfiguration, the stability constraints of the system should be considered, including: current 

limitation of power supply; bus voltage limit during dynamic process (- 15%~+20%). Usually, the 

line voltage drop is small, so the node voltage constraint can be ignored [3][4].  

The distribution network reconfiguration technology of ship power system mainly involves the steady 

state analysis of ship power system and the algorithm design of distribution network reconfiguration. 

Steady state analysis of ship power system is mainly based on different power flow calculation 

methods, including forward backward method, Newton Raphson method, node potential method, etc 

[5][6]; For distribution network reconfiguration algorithm, typical algorithms include multi-agent 

intelligent algorithm method and predictive reconfiguration technology, and improved intelligent 

optimization algorithm, such as improved genetic algorithm, particle swarm optimization algorithm, 

etc [7][8]. 

Compared with the traditional power system, the ship power system has the following Special points. 

First of all, the voltage level of the marine power system is very different from the AC system, which 

belongs to the AC/DC hybrid system. In addition, in recent years, a large number of power electronic 

devices have been connected to the ship system, making the topology of the ship power system more 
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diversified and complicated, and even showing the trend of power electronification of the ship power 

system [9][10]. 

Compared with traditional ship power system, ship medium voltage power system has many power 

electronic devices, which is a typical AC/DC hybrid system. In [7], the application of improved 

particle swarm optimization algorithm in network reconfiguration of ship power system is proposed. 

According to the characteristics of ship power network reconfiguration, the undirected graph model 

of ship power network is established; On this basis, a multi-objective reconfiguration model of marine 

power system is further established with the optimization objectives of load recovery, switching 

operation times and generator efficiency balance. In [10], the Pe-tri net technology on the basis of 

analyzing the characteristics of ship power system itself is established, and further the Petri net 

technology is used to quickly model power system faults to diagnose ship power system faults.  

2. Ship System Model based on Information Physical Network 

In this paper, according to the characteristics of the ship power system, the power supply areas in the 

system, which are centered on the main power distribution board of the power station, are mapped 

into corresponding agents. Take the network of 8 power stations as an example, as shown in the figure 

below. 

 

 

Fig.1 Simplified structure diagram of a typical ship integrated power system with information 

physical network mapping approach 

 

The advantages of this information physical network architecture are: (1) It reduces the complexity 

of the information physical network. The information physical network layer and the physical grid 

layer communicate the state of the power grid through information interaction. Each agent has equal 

status, and its functions include information collection, information interaction, calculation and 

analysis, as well as controlling various electrical equipment in the area (switching of generators/loads, 

tie line switch on and off). (2) The function of agent can be enhanced to optimize the result of 

reconfiguration; (3) It is consistent with the survivability characteristics of the system. In ship systems, 

generators, propulsion and other equipment have a critical impact on the survival of the system. Under 

this information physical network architecture, there is generally no more than one key equipment 

(such as generator and propulsion load) under the mapping of each agent. This method of one-to-one 

correspondence between agent and key equipment is convenient for efficient computation.  

3. Two-stage Reconstruction Algorithm based on the Heuristic Method 

Considering that in the marine power system, the most critical survivability of the system is only 

determined by a few key equipment in the system. Therefore, the reconstruction algorithm can be 

divided into two steps: (1) The first step is to consider only the key equipment in the system. Quickly 

reconstruct their power supply path, so that the load related to the survival of the system can restore 

power first. (2) Second, consider other non critical equipment in the system. This two-stage 

reconfiguration algorithm is consistent with the vitality of the independent power system, and can 
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improve the system viability in the shortest time. It also meets the strict requirements of the 

independent power system for the reconfiguration algorithm performance. 

Theoretically, different centralized reconstruction algorithms can be used in the two stages of 

reconstruction. In consideration of the requirements of the first stage for computing speed and the 

relatively simple structure of the involved equipment and systems, a heuristic algorithm can be used 

for computing. As a kind of reconstruction algorithm, heuristic algorithm has the advantages of fast 

computing speed and clear logic. The general heuristic reconstruction algorithm studied in this section, 

combined with breadth first search technology, can quickly search the power supply path of key 

equipment. In particular, when the system structure is relatively regular, the heuristic algorithm can 

also be applied to the second stage of reconstruction calculation. 

The process of the heuristic reconstruction algorithm can be summarized as follows: first, for all areas 

with negative power balance, a path search algorithm is used to search for feasible power supply paths 

to achieve positive power balance. Then, for key loads in the system, their power supply paths are 

searched in turn to maximize the system survival level. Finally, the current system survival level is 

calculated. If there is still a negative power balance area in the system, the second stage of 

reconstruction algorithm is performed. 

The algorithm flow-chart of the two-stage independent power system reconfiguration based on 

heuristic algorithm is shown in Figure 2. 
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Fig.2 Heuristic-based reconfiguration process for stand-alone power systems 

 

As the first stage of the two-stage reconstruction algorithm, the key equipment that affects the 

survivability of the equipment is reconstructed first. At this time, all key load devices are sorted by 

importance to form a Set of Load (SL). Important loads come first. Assume that the state of all loads 

is 0, so the power supply of key loads can be given priority. 
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For a more regular system, the heuristic reconstruction algorithm can also be used in the second stage 

of reconstruction calculation. The rules are the same as above. In addition to critical loads, all loads 

in the system also include loads classified into 1, 2 and 3 levels. When calculating the reconfiguration 

of each level of load, you should first set the state of all subordinate loads to 0. After the 

reconfiguration of this level of load is completed, you can restore the subordinate loads to their 

original state, search for areas of power imbalance, and reconstruct again. 

4. Simulation Results 

8 agent based ship power system is adopted as the tested case. The system consists of medium voltage 

power supply network and low voltage distribution network, which are divided into 6300V and 390V 

voltage levels and connected through transformers. Among them, the medium voltage bus 

(represented by ■) can have different connection modes according to the open loop and closed loop 

operation architecture of the system and different working conditions. Each low-voltage bus 

(represented by ○ or ●) connected to the load has a backup line for power supply. The backup line is 

relatively simple, that is, between adjacent low-voltage distribution boards, the automatic transfer 

switch (ABT) is used as backup for each other, while the regional distribution boards under the low-

voltage dstribution boards that are used as backup for each other are also used as backup for each 

other through ABT. ABT has two modes: automatic and manual. That is, if the power distribution 

board loses power, ABT will automatically switch to another power supply. At the same time, during 

reconstruction, ABT can also be manually controlled to switch to another power supply. Number the 

bus and load of the system, as shown in the figure below. For clarity, the spare lines between low-

voltage distribution boards are omitted, and only the spare lines between regional distribution boards 

are drawn. 

The system consists of 8 generators and 42 loads. The load and generator parameters are shown in 

the following table. 

 

Table 1. parameters of 8 agent based ship power system 

component 1L ~ 14L  15L ~ 28L  29L ~ 42L  1 4 1 4~ , ~TG TG DG DG  

Rated power  1 0.3 0.3 5 

Component level  1 1 2  
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Fig.3 Schematic diagram of the distribution network of a ship's electric system 
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Table 2. Simulation results of network reconfiguration using genetic algorithm 

Before reconfiguration 

Reconfiguration  

After reconfiguration  

Loss of load  

(before ABT action) 

Loss of load 

(after ABT action) 
Loss of load Loss of power 

L11     

L13     

L14     

L25     

L27     

L28     

L39     

L41     

L42      

L4      

L9     

L23     

L37     

L12     

L26     

L40     

L19 

L19 

L23 

Line 14-15 state from 0 to 1 

Line10-19state from 1 to 0 

Line15-27state from 1 to 0 

Line18-32state from 1 to 0 

Line28-42state from 1 to 0 

Line29-43state from 1 to 0 

Line23-51state from 1 to 0 

Line26-54state from 1 to 0 

Line28-56state from 1 to 0 

Line30-58state from 1 to 0 

Line17-27state from 0 to 1 

Line20-24state from 0 to 1 

Line21-25state from 0 to 1 

Line23-28state from 0 to 1 

Line32-44state from 0 to 1 

Line35-39state from 0 to 1 

Line46-58state from 0 to 1 

L3(*) 

L17(*) 

L31 

L26(*) 

L27(*) 

L35 

L38 

L40 

Critical load: 

1.9MW 

Non critical load: 

1.2MW 

 

From the above results, as a general intelligent optimization algorithm, genetic algorithm has strong 

robustness benefits, which can solve various complex problems, and has achieved satisfactory results. 

In the above example, no matter what kind of damage the ship power system is subjected to, it can 

get the corresponding reconstruction results. However, the computational complexity of genetic 

algorithm is relatively large and the computational speed is relatively slow. Take 200 populations as 

an example, and the evolutionary number is 80, which generally takes about 3 minutes. Therefore, 

genetic algorithm is difficult to meet the speed requirements when the reconstruction speed is high. 

In addition, genetic algorithm can obtain the global optimal solution in theory, but it may not be able 

to obtain the optimal reconstruction result under certain parameters such as specific population, 

evolution algebra, hybridization rate, etc. Moreover, as a random optimization algorithm, the results 

of each operation are different. If the speed is required to be high, a relatively small population and 

evolution algebra should be set, and the quality of the output solution may be slightly low at this time; 

If the speed requirement is not high, but the optimization results are paid more attention, a larger 

population and evolution algebra can be used. 

5. Summary 

Compared with traditional ship power system, ship power system has many power electronic devices, 

which is a typical AC/DC hybrid system. In order to solve the above problems, this paper proposes a 

new design scheme of distributed reconfiguration algorithm for marine power system. From system 

model, information coordination and transmission technology to reconstruction algorithm, a complete 

system has been formed. The example shows that the algorithm has high efficiency, can rapidly 

improve the viability of the system, and can be compatible with different centralized reconfiguration 

algorithms. 
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