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Abstract 

The main research direction of this paper is the automatic control technology of multi-
terminal flexible DC transmission system. The purpose is to promote the automated 
management of the multi-terminal flexible DC transmission system among multiple 
converter stations. At the same time, the stable operation of the high-voltage power 
transmission system is realized. The thesis builds a multi-terminal VSC-HVDC system by 
using electromagnetic transient simulation software PSCAD/EMTDC. The scientific and 
applicability of the multi-terminal flexible DC transmission control strategy are analysed 
through experimental simulation. The article lays a solid theoretical foundation for the 
application of multi-terminal flexible DC transmission technology. 
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1. Introduction 

Under the influence of microcomputer control, water-cooling technology, and photoelectric 
technology, traditional direct current transmission has begun to enter the market and occupy 
an important position. Long-distance large-scale transmission of electricity and alternating 
current of different frequencies have become the main transmission methods. Although there 
are many applications of thyristors, they cannot implement the current shut-off function by 
themselves, and have the disadvantage of low switching frequency [1]. Therefore, traditional 
DC transmission needs to be built on a strong and wide-range AC grid, otherwise it cannot be 
realized. The inverse transformation phase is realized. The paper selects the design and 
parameters of the DC voltage deviation slope controller, and builds a five-terminal flexible DC 
transmission system on a platform combined with engineering examples, which fully considers 
the DC network loss and the power margin of the converter station. In view of the practical 
feasibility of this method, the experimental research for this method shows that the flexible 
multi-terminal DC transmission system adopts an adjustable control strategy to improve the 
reliability and stability of the entire system. 

2. Multi-terminal flexible DC transmission control 

DC transmission means that the boosted voltage is transformed into direct current under the 
conversion of the rectifier, and then through the receiving side of the direct current 
transmission line, transformed into alternating current through the inverter, and transmitted 
to the AC system for acceptance. As shown in Figure 1 below, the transmission direction can be 
changed by changing the working state of both ends of the converter [2]. For the DC 
transmission system, the commutation device plays a very important role. The mercury arc 
valve was used in the early DC transmission system. After years of technical research, the SCR 
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converter gradually replaced the mercury arc valve, and it has been recognized and widely used 
in today's DC transmission projects. 

 
Figure 1. Simplified diagram of DC transmission system 

2.1. System structure 

Similar to the structure of the traditional DC system, the flexible DC transmission system only 
uses power switching devices with different functions, including DC lines, phase reactors, AC 
filters, DC side capacitors, voltage source converters and connection transformers., The specific 
structure is shown in Figure 2 below, and the role of each structure in the system is briefly 
discussed here. 

 
Figure 2. VSC-HVDC system structure diagram 

First, the power converter has become an important structure of traditional DC transmission 
projects and flexible DC transmission projects. After pulses, the current interruption and 
conversion are realized at the bridge arms of the converter circuit, and the voltage phase of the 
converter is realized the angle and value are adjusted to realize the output of reactive and active 
power. 

Second, the connecting transformer is usually connected to the primary side of the transformer 
by using the star connection method [3]. This method can weaken the zero-sequence 
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component entering the AC system through the DC system, and connect to the secondary side 
of the transformer through the delta connection method. This method can reduce Harmonic 
current enters the AC system. 

Third, AC filter users filter out high-order harmonics in the converter station. The original 
reason is that the switching frequency of the power converter valve is relatively high. Generally, 
high-order harmonics are generated instead of low-order harmonics. 

2.2. Transient mathematical model of multi-terminal flexible DC transmission 
system 

In the d-q coordinate system, the ABC three-phase static relationship of the system voltage is 

also established, as shown in Figure 3 below. 
sd

u  and squ  represent the projection of sU  on the 

rotating coordinate axis of the coordinate system. sau ,
sb
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Figure 3. The relationship between d - q  synchronous rotating coordinate system and  abc  
three-phase stationary coordinate system 

The matrix formula is expressed as follows: 
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Transformed into a differential equation is expressed as follows: 
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abc sabc abc

dI
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The above equations are jointly solved, and the multi-terminal flexible DC mathematical model 
in the rotating coordinate system is obtained as: 
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2.3. Voltage source converter station 

As the most important component of the system inversion and rectification, the voltage source 
converter station controls the switches and converters of the converter bridge arms through 
pulse adjustment, and then adjusts the amplitude and phase angle of the converter's port 
voltage. Furthermore, dynamic adjustment of reactive power and active power is realized. 

2.3.1 Basic principles. The voltage source structure converter model structure is simplified as 
follows (Figure 4): sU  represents the AC bus voltage. cU  represents the converter terminal 

voltage. cX  represents the equivalent reactance between the transformer and the phase 

reactor. sP , sQ represents the active and reactive power output by the converter. 

 
Figure 4. Equivalent circuit diagram of the AC side of the converter 

If the reactance loss of the converter is neglected, the apparent power on the AC side is 
expressed as: 
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From this, it can be obtained that the expression of the active and reactive power output from 
the converter port is: 

s c
s

c

U U
P sin

X
                                                                     (6) 
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From equations (6) and (7), it can be seen that the phase angle difference between the AC 
voltage and the converter outlet voltage determines the value of the active power output by the 

converter, and the magnitude of cU  determines the value of the reactive power. The phasor 

relationship of the main variables of the inverter operation is shown in Figure 5 below. 

 
Figure 5. Fundamental phasor diagram of a multi-terminal flexible DC transmission system in 

a steady state 

2.3.2 Mathematical model. The expression of the voltage source converter in ABC three-phase 
static coordinate system is as follows: 
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In formula (8), sU  represents the AC voltage of the system. ai , bi , ci  indicate the AC current at 

the outlet of the inverter. du  represents DC voltage. K represents the voltage utilization factor. 

  represents the phase angle difference between the AC side voltage and the inverter outlet 
voltage.   represents the fundamental angular frequency of the AC system. The above formula 
can be converted to the following formula: 
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In formula (9), sdu , squ  represents the q d  axis voltage component after the AC voltage 

conversion on the power supply side. du , qu  represents the q d  component of the 
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fundamental wave of the converter outlet voltage. sdi ,
sqi represents the q d  component of the 

AC side current. L R 、 represents the equivalent inductance and equivalent resistance of the 
converter outlet. It can be seen from equation (10) that the B component of the grid current is 
affected by multiple effects of du ,

qu  the current coupling term sdLi ,
sqL i and voltage sdu ,

squ

Therefore, to effectively eliminate current coupling and voltage interference, the above 
equation can be rewritten as: 

d
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Equation (10) can be obtained through the transformation of equation (11). The voltage 
coupling compensation du , qu  and the voltage feedforward compensation sdu , squ are 

introduced to enable independent decoupling operation of the q d axis current. 
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sdrefi , sqrefi  in formula (11) represents the reference value of active and reactive current. p1K , 11K

represents the proportional integral coefficient of the d-axis. p2K , 12K  represents the 

proportional integral coefficient of the q-axis. 

Through detailed analysis of the above figure, it is understood that the model of the current 
decoupling controller is built in the actual inverter, and the independent control of the current 
q-d axis can be realized on this [4]. To put it another way, starting from the study of the qd axis 
of the inner loop controller, inputting instructions into the inverter generates pulses, which 
causes the current in the qd axis to fail to form a coupled independent control loop. Figure 6 
below shows the process. 

 
Figure 6. Simplified block diagram of inverter control system 
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3. Automated control strategy 

The control method is inspired by the principle of voltage regulation by the frequency 
modulation controller in the AC system. According to the difference of the system operation 
mode, the metering system roughly matches the number of converters that match it to 
distribute the DC power of the system to realize the system Coordinated control. In the DC 
transmission system, in order to realize the regulation demand of the whole DC power of the 
DC transmission grid, after the converter station obtains the signal, it realizes the DC power 
setting adjustment according to the DC voltage value measured by the system. This mode 
simplifies the relationship between the power and DC voltage that can be used to show the state 
of change, and indirectly transforms the characteristics of the DC voltage slope control into the 
relationship between the control of the constant DC voltage and the constant active power 
control. Seek a balance point between them to achieve the slope control of the DC voltage. When 
the system is stable, the selection and adjustment of the control method depends entirely on 
the magnitude of the slope coefficient of the DC voltage. When the value is small, the accuracy 
of the active output power is weakened [5]. At this time, the set constant active power control 
effect is not obvious. At this time, DC voltage control plays a major role in the system. When the 
slope coefficient tends to the zero state, the control mode of the system is completely equivalent 
to the DC voltage control mode. When the slope coefficient is increasing, the system control 
mode is completely equivalent to the constant active power control, and the voltage control 
ability is weak. The various indicators of the DC voltage slope control method are superior to 
the single application of the constant DC voltage control and the constant active power control 
method mentioned above. In the converter station system that uses the DC voltage slope control, 
DC power self-adaptation is realized Quick adjustments can quickly respond to changes in the 
current flow of the DC network. For this reason, DC voltage slope control can be widely used in 
multi-terminal flexible DC transmission systems. However, it also has the defect that it cannot 
achieve precise control of DC power. 

4. Simulation experiment design 

To verify the effectiveness of the coordinated control strategy of the five-terminal flexible DC 
transmission system, Table 1 shows the relevant parameters of the simulation experiment. On 
March 7, 2020, the electric power staff conducted a DC voltage phase test on site [6]. The 
following figure 8 shows the waveform of the fault recording. When the duration reaches 0.6s, 
the power station starts to artificially simulate the water-cooling fault, so that the converter 
station loses the DC voltage control and coordination ability, and the other power station 
becomes a candidate The converter station has changed from constant power control to DC 
voltage control, and maintains the DC voltage value in the rated voltage area. It can be clearly 
seen from Figure 7 that the DC voltage transition process of the five-terminal flexible DC 
transmission system can be smooth run. 

Table 1. Main parameters of the simulation system 

Project Parameter 

Rated Capacity SN/ MVA 1 000 

rated power PN/ MW 1 000 

Rated DC voltage UdcN/ kV ±320 

Equivalent resistance Rs1, Rs2/Ω 0.98 

Equivalent inductance Ls1, Ls2/ mH 1.2 

Connection transformer ratio 220/330 

Leakage reactance of connected transformer uk/ pu 0.1 
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Bridge arm reactance L01, L02/ mH 138.6 

Bridge arm equivalent resistance R01, R02/Ω 0.1 

Sub-module capacitor C0/μF 7 000 

Rated voltage of sub-module U0 /kV 1.6 

Number of sub-modules of single bridge arm N 424 

 

 
Figure 7. Waveform diagram of the process of the two power stations completing the DC 

voltage control rights 

5. Conclusion 

This paper proposes a new type of DC voltage slope control strategy for the DC voltage 
coordinated control of the multi-terminal flexible DC transmission system to realize the multi-
point DC voltage control in the multi-terminal DC system; and the simulation of this strategy is 
carried out in the PSCAD/EMTDC simulation model verify. The simulation results show that the 
DC voltage coordinated control strategy proposed in this paper can improve the steady-state 
and transient operating characteristics of the multi-terminal flexible DC transmission system, 
and realize the coordinated control of multi-point DC voltage. At the same time, the DC voltage 
slope control improves the system power adjustment. The dynamic response characteristics. 
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