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Abstract. The Ultra High Voltage power system plays an important role in alleviating the energy 
crisis. However, due to the high voltage level and complex operation, it will bring disaster to the 
system once the power grid fails, causing cascading failures and large area power outages. In this 
paper, we study the stability analysis method of AC/DC Ultra High Voltage power system. Based on 
setting fault scenarios and BPA simulation, we introduce risk assessment model and set up a series of 
indexes, including the low voltage risk, the unit angle difference risk and frequency instability risk, to 
assess the system stability. Compared with the traditional reliability analysis method, this paper 
combines the probability of the accident and its consequences, and links the risk and benefits, which 
can quantitatively reflects the safety index of the system. Therefore, it is more applicable in stability 
analysis for complex AC/DC Ultra High Voltage power system. 

Introduction 
Due to uneven distribution of the energy center and the load center in China, the construction of 

long distance, large capacity, low energy loss Ultra High Voltage (UHV) transmission system, is one 
way to achieve optimal allocation of energy and the coordinated development of economy and 
society[1-2]. However, with the continuous development of the power grid, the voltage level is 
gradually increased and the power system is more complex, showing a strong dynamic and nonlinear 
characteristics. This also leads to more complex in the power grid fault form, fault propagation and 
fault consequences, which increase difficulty to analysis the safety and stability of the system. 

At present, the stability evaluation of power system is mainly dependent on the reliability theory. 
Reliability evaluation has penetrated into the power system planning, design, operation process, in 
order to achieve the comprehensive efficiency of the power system, and play a positive role in the safe 
and reliable operation of power system. Reliability analysis mainly includes analytical method and 
simulation method. References[3-4] presents the combination of collapse point method and extension 
method for the voltage stability analysis of AC / DC system, but not for UHV system; In [5], a new 
method for the identification of the voltage instability mode and power angle instability mode is 
proposed, but not fully considers fault scenarios. The above references are analytical method. When 
the system is too large, it is difficult to simulate multiple faults. Hierarchical sampling method is 
proposed in [6-7], which is based on the layered reliability model and combines the same failure 
modes into equivalent components, reducing the amount of computation; References [8-9] combines 
power system probabilistic sufficiency and probabilistic stability assessment to find some occurrence 
probability but small fault status of serious consequences, and BPA software is introduced in the 
calculation process, so as to shorten the computation time. 

However, with the huge scale of system, various voltage levels and mixed operation of DC system, 
various uncertain factors begin to influence power system, causing that the traditional reliability 
assessment methods can not fully meet the need of power system security analysis. The traditional 
reliability assessment is mainly aimed at the probability of the accident, but usually do not consider 
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the consequences of the accident. The shortcomings of its exposure is particularly evident while 
making the assessment of a number of accidents which have a small probability of occurrence, but the 
consequences is serious. 

In 1997, the concept of operation risk assessment of power system was first proposed. The risk 
theory gives attention to both the probability of accident and the consequences, which makes the 
results more reasonable and instructive. At present, the risk assessment theory is mainly reflected in 
three aspects[10-13]: the risk assessment of the market environment and economic factors, the risk 
assessment based on complex network theory, the online assessment of power system risk. 

In this paper, the risk assessment theory is used to analyze the power system after cascading 
failures. Based on BPA simulation and the risk index, we evaluate the stability of the system. In the 
case study, the two planning scheme of SANHUA gird is calculated, which proves that the method is 
scientific and advantageous. 

Risk Assessment Theory 
Basic Concept.  

Power system risk assessment is comprehensive measurement of the possibility and severity. Its 
formula is: 

, , , ,( ) ( )( ( | ) ( , ))
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R X P E P X X S E X= ∑ ∑                                                                          (1) 

In which ,t fX is the predictive state at time t, iE is the ith accident, ( )r iP E  is the probability of the ith 
accident; ,t jX  is the jth possible system state at time t; , ,( | )r t j t fP X X  is the probability 
of ,t jX ; ,( , )ev i t jS E X  represents the severity, such as overload, low voltage, loss of load, etc. 

Risk assessment generally consists of four steps: ①Determine component outage model; ②Select 
the system failure state and calculate the probability of the system; ③Evaluate the consequences of 
the selected state; ④Calculate risk index.  How to establish the failure mode and failure state of the 
system is the key point of the evaluation method. Generally, according to the N-1 stability calculation 
results and historical natural conditions, we select the important (such as the contact line), the voltage 
is weak, the disaster accident prone line as the trigger accident. 
Severity Function.  

After the occurrence of the power grid, there will appear some special state, including the bus 
voltage drop, line overload, load rejection, voltage collapse, etc. Here are three severity function used 
in this paper: 

(1) Line low voltage severity function 
Figure 1 shows the two kinds of severity function. Discrete function is defined as: when the bus 

voltage value is lower than the defined voltage threshold value 0.95, the function value is 1, otherwise 
the function value is 0. Continuous function is defined as: when the bus voltage is 0.95, the function 
values is 1, and when the voltage level is further decreased, the function value increases linearly. It 
overcomes the shortcomings of the discrete function, and the size of the function value can reflect the 
level of the voltage level. 
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（a）Discrete function          （b）Continuous function 

Figure 1. Low voltage severity function 

When the discrete function is used, the formula is: 
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Where ijU  is the voltage for bus j under the ith accident. ( )ijS U  is the low voltage severity function. 
When the continuous function is used, the formula is: 

( ) 20 20ij ijS U U= − +                                                                                                                      (3) 
In this paper, the continuous function is used, and the low voltage severity function is defined as: 

1 2 max( ) ( ) ( )ij u ij u ijS U S U S Uω ω= +                                                                                                    (4) 

Where 1uω and 2uω is the weight coefficient of severity, we take 1uω = 2uω =0.5. ( )ijS U  is the average 
voltage severity, max ( )ijS U is the maximum voltage severity. 
     (2) The unit angle difference severe function 

Similar to the low voltage severity function, the unit angle difference severe function is determined 
by the unit operation condition, which can be divided into 2 types: discrete type and continuous type, 
as shown in Figure 2: 
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（a）Discrete function          （b）Continuous function 
Figure 2. The unit angle difference severity function 

When the discrete function is used, the formula is: 
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Where ijδ  is the unit angle for bus j under the ith accident. ( )ijS δ  is the unit angle difference severe 

function. 
When the continuous function is used, the formula is: 

( ) 0.20 17ij ijS δ δ= −                                                                                                                        (6) 

In this paper, the continuous function is used, and the unit angle difference severity function is 
defined as: 

1 2 max( ) ( ) ( )ij ij ijS S Sδ δδ ω δ ω δ= +                                                                                                      (7) 

Where 1δω and 2δω is the weight coefficient of severity, we take 1uω = 2uω =0.5. ( )ijS δ is the average 
unit angle difference severity, max ( )ijS δ is the maximum unit angle difference severity. 

(3) The abnormal system frequency severity function 
When a serious fault occurs in the power grid, it may lead to frequency instability. The system 

frequency severity can be expressed as the form below: 
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Figure 3. The system frequency severity function 

When the discrete function is used, the formula is: 
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Where f is the frequency, 
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 is the system frequency severity function. 
When the continuous function is used, the formula is: 
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                                                                                                          (9) 

In this paper, the continuous function is used. 

Risk Assessment Model Based on Cascading Failure of Power System 
Usually, serious natural disasters, such as earthquake, typhoon and ice disaster, can cause a 

cascading failure, therefore, we should first clear chain reaction of the various stages, then calculate 
the risk value at all stages and the final cascading failure risk value. In this paper, the power system 
state is simulated by BPA program, and the development process of cascading failure is simulated. 
The general development process of cascading failures is as follows: 
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Figure 4. General development process of cascading failures 

Low Voltage Risk.  
     The low voltage risk reflects the possibility and the harm degree of the bus voltage drop in the 
system: 

( | , ) ( ) [ ( | , ) ( )]r i r ij i ij
i j

R U E L P E P U E L S U= ⋅∑ ∑                                                                          (10) 

Where ( )r iP E  can be calculated according to the outage rate of the units under natural disasters; In the 

case of knowing fail units, the current situation of the system is fixed, so ( | , )r ij iP U E L should be 1. 

Unit Instability Risk. 
The difference of the power angle reflects the possibility and the degree of the system instability 

caused by the accident of the system: 

228



 

( | , ) ( ) [ ( | , ) ( )]r i r ij i ij
i j

R E L P E P E L Sδ δ δ= ⋅∑ ∑                                                                          (11) 

Similarly, ( | , )r ij iP E Lδ =1. 

Frequency Risk. 
Frequency is an important index to measure the stability of the system: 
( | , ) ( ) [ ( | , ) ( )]r i r i

i j
R f E L P E P f E L S f= ⋅∑ ∑                                                                            (12) 

Similarly, ( | , )r iP f E L =1. 

Cascading Failure Risk. 
Cascading failure risk index is obtained by accumulating the risk value of each stage of chain 

reaction: 

( | , ) [ ( | , ) ( | , ) ( | , )]
K

c i i i i i i
i

R F E L R U E L R E L R f E Lδ= + +∑                                                        (13) 

Where i is the stage of cascading failure, K is the series of cascading failures. 

Case Study 
In the future, SANHUA(including North China, East China, central China) regional power grid 

will build a number of UHV AC/DC transmission lines. The planning scheme includes Synchronous 
networking solutions and asynchronous networking solutions. This section will use the risk 
assessment theory to compare the two schemes. 

If the Xiluodu, Xiangjiaba, Jinping area occurrs flood disaster, it will result in Xiluodu - Zhexi, 
Xiangjiaba - Shanghai, Jinping - Sunan 3 DC lines occur bipolar block at the same time. Huge active 
and reactive power will flood into the Yangtze River Delta region by Anhui - Zhejiang, 
Shanghai-Zhejiang, Fujian-Zhejiang exchange liaison passage, which may affect the system stability. 
Simulation analysis will be carried out below. 

The transient process of the system is shown in Figure 5 and Figure 6: 

 
(a)Active power                                       (b)Voltage 

Figure 5. Synchronous networking scheme 

 
(a)Active power                                       (b)Voltage 
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Figure 6. Synchronous networking scheme 

   Take low voltage risk as an example, the risk indicators are calculated as follows: 
Table 1. Results of low voltage risk indicators  

Number Bus Synchronous networking scheme Asynchronous networking scheme 
Voltage（p.u.） Risk Voltage（p.u.） Risk 

1 Guotongli 0.71465 5.707 0.00075 20.015 
2 Suchefang51 0.71835 5.633 0.00203 20.0406 
3 Sumudu51 0.71868 5.6264 0.00265 20.053 
4 Suyushan51 0.71902 5.6196 0.00329 20.0658 
5 Sushibei51 0.73004 5.3992 0.0035 20.07 
6 Suhuasu51 0.7317 5.366 0.00453 20.0906 
7 Sukunnan51 0.7331 5.338 0.00468 20.0936 
8 Guosuzhou53 0.73825 5.235 0.00504 20.1008 
9 Sushuer51 0.75977 4.8046 0.00551 20.1102 
10 Sushunan51 0.77302 4.5396 0.00075 20.015 

  After calculating the unit instability risk and frequency risk, according to formula (13), the 
cascading failure risk is shown in Table 2. 

Table 2. Results of cascading failure risk indicators 

UHV schemes ( | , )R U E L  ( | , )R E Lδ  ( | , )R f E L  ( | , )cR F E L  

Synchronous 
networking scheme 5.52 26.60 0.96 33.07 

Asynchronous 
networking scheme 19.96 55.09 97.82 172.87 

 From above results we can know that: under the above faults, the synchronization scheme can be 
kept stable for a period of time, and the asynchronous scheme can be lost at once, so the multiple fault 
ability of the synchronization scheme under this kind of fault is stronger. 

Under the asynchronous scheme, East China connect with other regions through the HVDC 
network, if there is a lot of power vacancy, it cannot obtain the effective support. When the emergence 
of multiple DC line fault or large-scale power outage, due to the very large size of active power 
vacancy and concentrated in a small range, it will cause serious power regional imbalance, eventually 
lead to system instability, and  loss of a large number of load; Compared with the asynchronous 
scheme, the synchronization scheme is connected with the DC lines to make the network 
synchronization, when the system is in trouble, the power flow is quickly transferred, and the active 
power distribution is carried out, the unbalanced active power is relatively small, and the stability is 
higher. 

Conclusions 
This paper introduced the risk assessment theory, establishes low voltage risk, unit instability risk, 

frequency risk and Cascading failure risk. Then the stability of the power grid cascading failures is 
analyzed. Simulation results show that the method is suitable for UHV AC / DC hybrid power system 
stability analysis. Further research will include: 

(1)Combined with the actual situation of UHV power grid, we will establish a more 
comprehensive risk indicator system, so that the risk assessment is more comprehensive and 
scientific. 

(2) We will combine risk assessment theory and reliability theory. We will not only analyze the 
reliability of the power grid, but also to consider the economic, environmental protection and other 
indicators, to make it more comprehensive. 
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