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Abstract. With more and more environmental problems, renewable energy begins to play an 
increasingly large proportion. High-voltage direct current technology based on voltage source  
converter (VSC-HVDC) enables smooth access to renewable energy. Traditional DC grids system is 
generally radial connections, but In recent years, there are many parallel lines between the two 
converter stations in some meshed DC grids. However, the converter stations can’t control the power 
flow of parallel lines completely, and some lines might cause too much loss even overload.According 
to the theory of circuit,there are four types of power flow control devices, variable resistors, DC 
transformers, CFC and series voltage sources have been proposed for the power flow control in a 
meshed DC grid .In this paper, their topology and operation properties were compared.  

Introduction 

New Energy is part of the renewable energy sources, their common features are: low energy 
density, hidden dispersion, Intermittent, random. Therefore their development and use subject to 
certain restrictions, technically there is a certain degree of difficulty.[4]With a variety of large-scale 
renewable energy connected to the grid, the traditional power equipment, power grid construction 
and operation technologies in receiving ultra large-scale renewable energy increasingly powerless, 
this must be the introduction of new technology, new equipment and the new network structure to 
meet the profound changes in the future energy landscape. HVDC technology based on voltage 
source converter (VSC) is an effective method which can solve the renewable energy parallel in grid, 
asynchronous interconnection of AC grid, energy emergency support and other issues. [5] 

The three basic topology of DC grid are dendritic, ring, mesh network, and various combinations 
of the basic structure generate the complex DC Grid. Among them, the meshed network structure has 
better flexibility and redundancy to increase the reliability of the system and reduce the transmission 
distance, which is a firstly considered structure for the DC power grid construction in the future.[6]-[8] 
In recent years, in order to meet the DC grid development needs, many complex grid appears in the 
form of a few parallel lines between the two converter stations. [9] In this case, the converter station 
can not control the power flow of the DC lines entirely by adjusting the terminal voltage and current, 
because the current of the line is determined by the resistance of the line to some extent. [10] Thus, 
power flow control device for DC Grid is necessary, not only to achieve economic operation of the 
grid, but also to prevent the circuit of overload run in the fault condition. 

Comparative study of various kinds of Power Flow Controller 
There are mainly four DC power flow control equipment researched at home and abroad, namely 

variable resistor, DC transformer, current flow controller and series voltage source. [5],[11]-[15]The 
following are brief introductions of those four kinds of controllers, and compare their advantages and 
disadvantages. 

Variable Series Resistor 
We know that the DC current flowing through the DC grid is determined by the line resistance, so 

even a very small change can have a significant effect. Therefore, the DC current of the grid can be 

International Conference on Applied Science and Engineering Innovation (ASEI 2015) 

© 2015. The authors - Published by Atlantis Press 1205

https://www.baidu.com/link?url=YARXCt3Hv2E-NfQD-T6R02tnb8BssiF7gh61kF6utTj26oJaKBtd1PysgJKjiy7x&wd=%E5%8D%8E%E5%8C%97%E7%94%B5%E5%8A%9B%E5%A4%A7%E5%AD%A6&issp=1&f=8&ie=utf-8&tn=baiduhome_pg&oq=%E7%BB%BC%E8%BF%B0%E8%8B%B1%E8%AF%AD&inputT=5951&bs=%E7%BB%BC%E8%BF%B0%E8%8B%B1%E8%AF%AD%E6%80%8E%E4%B9%88%E8%AF%B4
https://www.baidu.com/link?url=YARXCt3Hv2E-NfQD-T6R02tnb8BssiF7gh61kF6utTj26oJaKBtd1PysgJKjiy7x&wd=%E5%8D%8E%E5%8C%97%E7%94%B5%E5%8A%9B%E5%A4%A7%E5%AD%A6&issp=1&f=8&ie=utf-8&tn=baiduhome_pg&oq=%E7%BB%BC%E8%BF%B0%E8%8B%B1%E8%AF%AD&inputT=5951&bs=%E7%BB%BC%E8%BF%B0%E8%8B%B1%E8%AF%AD%E6%80%8E%E4%B9%88%E8%AF%B4


 

controlled by simply adding additional resistance to the line of least resistance. Reference [11] gives 
a basic structure of variable series resistor, as shown in FIG.1 In this method, each resistor switching 
into the DC line to complete the line current regulation, in order to achieve the effect of power flow 
control. 

R1 R2 DC line1
DC 

systemS1 S2

 
Fig. 1 Variable Series Resistor control circuit current 

Reference [5] gives another detailed topology, as shown in Fig.2.This topology consists of two 
anti-parallel resistors connected in parallel to the positive and negative poles. The meaning of the 
anti-parallel resistors is to keep the balance of positive and negative transmission effects from the 
device. P1, P2 access to positive electrode, and N1,N2 access to negative electrode.The inductor  
series in the line is for smoothing and mitigate the impact of switching equipment. Bi-directional 
IGBT can achieve two-way power flow. The diodes connected with in series is to withstand the 
reverse voltage, because the IGBT can hardly withstand the reverse voltage. 

The equivalent resistance accessed can be controlled by the control of the switch, the principle 
formula is as follows: 
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Fig. 2 Topology of the Variable Series Resistor 

Under normal circumstances, it depends on several factors when the device can be applied in the 
power system. One is that the IGBT of the devices suitable for the trend reversal of the VSC. The 
second is the average resistance value of the resistor can be a smooth change to the reference value. 
Because of its simple structure, it can easily access to an existing project. But the series resistance 
consume additional power loss, so it is not suitable for the economic operation. 

DC Transformer 
DC transformer not only can be used to connect the DC grid with different voltage levels, but can 

also be used in the grid with the same voltage level. Reference [11] proposed a general model of a DC 
transformer, as shown in FIG.3.In this model, the primary side is current source ISR, paralleled with a 
capacitor CE; The secondary-side is voltage source USR, and series with the equivalent inductance LE. 
L1 And C2 as the real component of the DC transformer is also included. The output voltage of the 
secondary side USR can be individually controlled. According to the principles of the transformer, ISR 
can be calculated according to the formula as follows: 
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Fig. 3 General Model of DC transformer 

In order to achieve complete control of the injected electrical energy, DC transformer will adjust 
the output voltage. Control method of DC transformer’s power flow is shown in Fig.4,which is 
composed of two parts. The first part is power flow regulation. There are two input signals, the 
expected current of DC line Idref  and the actual current Id Thereafter, the error current signal is sent to 
a PID controller. Another part is used to generate the reference voltage, which uses the received 
signal adjustment and generating the reference voltage of USR. In this session, U0 is the rated voltage 
of the DC grid, so as to ensure the normal operation of the DC transformer. 

Due to the voltage of DC grid has no uniform standard, there is various voltage levels of the DC 
grid, so the DC transformer is essential equipment. So far the DC converter has no application in the 
DC transmission, but there will be a lot of DC transformer applications in the future. Ideally, DC 
transformer needs to achieve the following functions: high transformation ratio, controllable, 
ladder-type ratio, to connect different voltage levels DC system; can be connected to different types 
of inverter; power balance between DC system poles; controllable bidirectional flow direction; low 
loss, low cost, small size; has a certain capability of current fault withstand .[12] 

 
Fig. 4 Power flow control diagram of DC transformer 

Current Flow Controller（CFC） 
Reference [5] proposed two topology of direct current power flow controller (CFC), one is shown 

in Figure 5. The two converter modules in this topology are connected in series with two DC lines. 
The voltage of each converter module is formed from pulse width modulation by the power switching 
devices (typically IGBT), to control the current flow in the conductor. Since the device is actually 
only play a role in the rational allocation of direct current, so there is no power loss in theory. In 
practice, however, there will still be a corresponding power switching and conduction losses. 

 
Fig. 5 Current flow controller model one 
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Reference [13] researched another topology of CFC proposed in reference [5].Figure 6 shows this 
kind of CFC applied in the DC grid. 

 
Fig. 6 Current flow controller model two 

CFC can take energy from other DC branch point, so the power electronic devices don’t need to 
withstand the high DC voltage, nor need a converter transformer. DC current is very sensitive to  the 
change of DC voltage, and the average voltage on branch 1 and 2 introduced by the CFC is much 
smaller compared to the DC voltage. The capacitor voltage is also smaller, and the voltage which 
power electronic devices in the CFC have to withstand is closely related to the capacitor voltage, so 
the CFC required less number of power electronics. Thus, the investment of CFC is less. Meanwhile, 
the less number of electronic devices means low running loss, which is favorable to the long-term 
economic operation. However, there are numbers of working conditions for CFC, and the control 
strategy is much more complex, so is it suitable for the practical project remains to be seen. 

Series Voltage Source 
Reference [5] [11] [14] [15] have proposed an series voltage source concept, and include the detail 

topology and control methods. The principle is similar, which is taking the energy from AC system 
into DC voltage source through rectifier and connect in series with the DC line, enabling power flow 
control of the DC grid. This method is actually replacing the series resistance of a voltage source, so 
as to achieve better control. The form of series voltage source access into the DC grid shown in 
Figure 7. 

AC system

PFC
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Fig. 7 Series voltage source access in the DC grid 

Figure 8 shows the specific topology of the series voltage source. Similar to the  above-mentioned 
second series resistor model, this model also includes two identical modules to balance the positive 
electrode and the negative electrode lines.AC power is connected to the AC side of the converter via 
a transformer, which is used to isolate the AC and DC power grids, and can also reduce the current 
injected into the AC system. AC/DC converter using a typical 6-pulse voltage source converter to 
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maintain the voltage of the capacitor. DC/DC converter is used to adjust the inverter’s output voltage 
so that the voltage accessed to the DC grid will finally meet the power flow control requirements. The 
DC/DC converter a four-quadrant chopper, as shown in Fig.8. 

The control system of the device shown in Figure 9, wherein the PWM generator is prevalent in 
the actual project. The control system includes power flow regulator and a reference voltage 
generator. Two input of the regulator are the reference current Idref and the actual current Id. Then 
generates a reference voltage VPFCref. finally into the PWM module, and the DC/DC converter will be 
adjusted quickly. 

It is worth mentioning that there usually has single-phase or three-phase AC power system and 
transformer nearby the converter station, so the device can be easily implemented in the practical 
project 

 
Fig.8 Topology of the series voltage source 

 
Fig.9 The control method of the series voltage source 

Conclusion 
Four types of power flow control devices, variable resistors, DC transformers, CFC and series 

voltage sources have been proposed for the power flow control in a meshed DC grid. The topology of 
the devices were designed. Each kind of devices has their advantages and disadvantages. 
Comparatively, the series voltage sources is the best choice for the power flow controller, and farther 
research will be done to verify the feasibility of the Series Voltage Source. 
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