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Abstract: Traditional AC distribution network usually adopts “closed loop design, open 
loop operation” mode of power supply, which restricts the further increase of the power 
supply reliability. When the DC network joins in, it is possible to realize the closed loop 
operation through reasonable control strategies, so as to improve the distribution network 
reliability. This paper mainly studied the operation mode and its reliability assessment of 
the AC/DC hybrid distribution network. Two-terminal power supply distribution structure 
was selected to be transformed to AC/DC hybrid distribution network containing flexible 
HVDC. Then the system control and operation mode of the new distribution model was 
studied and discussed. Adopting sequential Monte Carlo method based on the minimal path 
sets, the reliability of AC/DC hybrid distribution network was assessed and compared with 
traditional AC distribution network according to the cases.  

1. Introduction 

With the emergence of new problems caused by large-scale renewable energy and DC loads 
connected to the grid, and the maturity and development of the power electronics and flexible 
HVDC technology, DC network accessed to distribution network is getting more and more attention 
at home and abroad. In the traditional AC power distribution network “ring network design, open 
loop operation” mode, the regional contact switch normally in a disconnected state, limited to 
further improve the reliability of power supply[1]. In recent years, with the development of 
distribution network, flexible DC transmission is not limited by the electromagnetic loop network 
and able to control the flow, so in the distribution network can simultaneously access multiple AC 
power, to achieve closed-loop operation, thereby improving power supply reliability[2-4]. So it is 
very important to evaluate the reasonable reliability of AC / DC hybrid distribution network. 

[5]focuses on the "hand in hand" structure of the AC distribution network and DC distribution 
network, using the minimum cutting set of the two distribution network reliability of the 
comparative analysis, pointed out that under the conditions of the development of existing 
technology the reliability of the DC distribution network is actually lower than that of the AC 
distribution network. [6]-[7]using a non-sequential Monte Carlo simulation to complete the 
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reliability of the entire system evaluation,[8]using F & D-Monte Carlo hybrid method to simulate 
and calculate the reliability index of AC / DC hybrid system 

In the reliability evaluation of DC distribution network , low voltage DC distribution grid and 
DC micro-grid are mainly concerned at home and abroad[9-11], research of adding flexible DC 
distribution line to the medium voltage AC distribution network to constitute AC / DC hybrid 
system is less. To solve the problems, this paper studies the typical AC/DC hybrid power 
distribution network operation mode. And fault analysis is made. In order to study the reliability 
improvement of AC / DC hybrid distribution network, the reliability model of AC / DC hybrid 
distribution network system is obtained. Adopting sequential Monte Carlo method based on the 
minimal path sets, the reliability of AC/DC hybrid distribution network was assessed. According to 
the evaluation results analysis to make a conclusion and provide feasible suggestions for the 
practical application of AC/DC hybrid power distribution network. 

2. Operation mode and fault analysis of AC / DC hybrid power distribution network 

Considering the medium voltage flexible DC distribution networks, this paper takes AC/DC 
hybrid distribution network as the research object, in which DC network is connected to the two-
terminal power supply structure AC distribution, its structure is shown in Figure 1. The two-
terminal types of AC/DC hybrid power distribution network are mainly composed of 10kv AC bus 
and ±10kv DC bus and DC lines. Among them, the DC bus connected to the AC power supply bus 
through the VSC converter. Wind power, photovoltaic and energy storage devices, as well as AC 
and DC load through the two DC transformers access to DC power distribution lines. 

In the normal operation mode, AC/ DC hybrid distribution network mainly regard the large 
power grid as a DC distribution network energy and voltage support. The active power between the 
converter station and the AC grid and between the distributed power supply and the DC bus must be 
evenly distributed, ie the active power flow entering the DC power line must be balanced and any 
difference will cause the system's DC voltage to rise or fall rapidly. To achieve this balance, one of 
the converter stations must use constant DC voltage control.  

According to the above principles, the operation mode of this study with flexible DC power 
distribution line hybrid AC / DC power distribution system is analyzed (Figure 1). AC / DC hybrid 
system can switching operation mode by controlling the system, there are 4 main operating mode: 
two-terminal power supply, single terminal power supply, two-terminal isolation, island operation. 

Consider the operation mode control of bidirectional VSC, do the following analysis and 
treatment to the fault: 

1) When the fault is in the AC branch line (AC circuit, AC circuit breaker, AC isolation switch), 
directly accumulate the number of failures, power outage time. 

2) When one of the VSC1 or VSC2 faults, the control switch to the operating mode 2 (VSC1 
fault, by the AC side 2 for the DC distribution network single-ended power supply; VSC2 fault, by 
the AC side 1 for the DC distribution network single-ended power supply); 

3) When the DC bus or DC circuit breaker failure, control switch to the operating mode 3; 
4) When the VSC1 and VSC2 fault at the same time, control switch to the operating mode 4; 
5) When the fault occurs in the DC branch line (DC line, DC circuit breaker, DC isolation switch, 

distributed power supply, energy storage, converter), directly accumulate the number of failures, 
power outage time. 
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3. Reliability evaluation of AC / DC hybrid distribution network 

3.1. Reliability assessment process based on sequential Monte Carlo 

This paper selects sequential Monte Carlo method to evaluate reliability of DC distribution 
network. When the fault scene is determined, the fault analysis method based on the minimum path 
is used to analyze the fault results. The concrete steps are described as follows: 

(1)Read the original data into the system.  
(2)Set the simulation life, initialize the simulation time, fault parameters and component status, 

etc.  
(3)The normal operating time (TTF) and the fault time (TTR) of all the components are sampled, 

and the operating duration duration of each element in the simulated total time is sequentially 
arranged. At the same time generate fan, photovoltaic and load the timing sequence. 

Element i: 

      (3) 

      (4) 

Where and  are the failure rate and repair rate of element i; is a random number that is 

uniformly distributed between . 
(4)Find the smallest element of TTF as the faulty element, analyze the fault event, and use the 

minimum road method to traverse the search process to find the load affected by the fault.  
(5)For the load that can be restored by switching the operating mode, add the outage to the total 

blackout time and the total number of blackouts  of the load point,define ,

,of which  is the operational time of the operation mode switching. 

For a load that can not be restored by transfer, the system's fault time is the load outage time. 
Define , , of which  is the system's fault time. 

 (6)Judge whether the current simulation time is greater than the preset time, if so, then the next 
step, or go to step (3) 

(7)According to the total outage time  and the total number of power outages  of each 

load point, calculate the average failure rate  of each load point, the average power outage time 

 , the average power failure time  and other reliability indexes of the load points in the total 

simulation time. 
(8)The reliability indexes of the system are calculated according to the reliability index of the 

load point. 

3.2. Failure consequence analysis based on the minimal path method in loop network 
operation 

In this paper, we use the search method in the minimum path method to traverse the component 
fault and search the impact load point. The basic idea of the search method is to start from the input 
node of the network to the output node in turn to find all the smallest path, this method is easy to 
achieve programming. 

Because the DC distribution network is connected with the distributed power supply and the 
energy storage device, when the DC distribution network is in the island operation mode, the 
principle of the equipment processing on the minimal road is as follows: 
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(1) If the equipment on the minimal path is in the island, then this kind of minimal path 
equipment failure will lead to the outage of the load point, participate in the reliability calculation is 
the equipment failure rate and repair time. 

(2)If the equipment on the minimal path is outside the island, then this kind of minimal path 
equipment failure will lead to the outage of the load point 

4. Example analysis 

This paper adopts modified IEEE RBTS Bus4 system as example, system architecture is shown 
in Figure 1, the feeder line between the F1 distribution line and F7 distribution line changed into 
DC line, which forms two-terminal power supply structure, to achieve the closed loop operation by 
DC circuit breaker. DC bus rated voltage of ± 10kv, through the DC bus segment access AC load, 
DC load, photovoltaic, fan and energy storage. The system includes 24 load points, among which 
the DC load point is 6, the AC load point is 18, and the feeder in this example adopts the cable 
length, each feeder length is 0.7km, the specific data is shown in the table. PV and fan maximum 
output power of 1500kw and 2500KW, respectively, storage capacity of 1000 × 4kwh.   In order to 
analyze the advantages of AC/ DC hybrid distribution network compared with the traditional AC 
distribution network in terms of power supply reliability, the reliability evaluation method described 
in Section 3 of this paper is used to analyze the above example network and the traditional AC 
distribution network before transformation. The reliability indexes of the two systems are shown in 
Table 1. 
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5. Conclusion 

In this paper, through the analysis of the problem of "closed loop design and open loop 
operation" of traditional AC distribution network, it is suggested that the closed loop operation of 
AC distribution network can be realized by adding DC network, so as to improve the reliability of 
power supply. The distribution network of the two-terminal power supply structure is modified to 
form an AC/DC hybrid distribution network. The control and operation mode of the system are 
analyzed in detail. The reliability of the system is evaluated by using sequential Monte Carlo 
method based on the minimal path sets. It is proved that the AC / DC hybrid distribution network 
can effectively improve the reliability of the distribution network. But because of the study of the 
DC circuit breaker and other key components is not yet mature, the failure rate is high. Thus the 
development of DC distribution network is limited. With the continuous development of power 
electronic technology and flexible HVDC technology applied in the power distribution, the 
performance of the DC component will reach a more ideal level, the failure rate will be reduced, as 
well as the power supply reliability of AC/DC hybrid power will be greatly improved. 
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