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Abstract. As the DC microgrid has low inertia, this paper draws on the virtual synchronous 

machine technology to propose and control a new virtual inertial control strategy. This control 

strategy enables the grid-connected converter to have both AC inertia and DC inertia. By small 

signal decomposition, the transfer function block diagram of the system is established. The 

effects of different inertial parameters on the system's AC inertia and DC inertia are studied. 

The dynamic characteristic analysis and simulation results show that the proposed virtual 

inertial control can effectively suppress the fluctuation of DC bus voltage and AC power and 

increase the AC and DC inertia of the converter. 

1. Introduction 

With the increasing penetration rate of renewable energy such as wind power and photovoltaics in the 

power grid, the concept of DC microgrid has received more attention
 
[1]. The grid-connected 

converter is an interface connecting the DC microgrid and the AC grid. The control characteristics of 

the grid-connected converter play an important role in maintaining the stability of the DC voltage [2]. 

The DC microgrid with power electronic converter as the main interface is a low-inertia-network. The 

load or the power supply frequent switching and power fluctuations in the network will cause 

disturbing voltage fluctuation of DC bus voltage [3]. The fluctuation of the DC bus voltage directly 

affects the performance of the DC load in the system [4].If we design a virtual DC inertia control in 

the grid-connected converter, the inertia of the DC system would increase, and the voltage fluctuation 

of the DC bus would increase[5]. 

At present, the research on virtual inertia of power electronic converters mainly focuses on the field 

of virtual synchronous generator (VSG) control. The concept of virtual synchronous generator was 

proposed in [6]. The inverter exhibits external characteristics similar to the synchronous generator on 

the AC side. In [7], the power-frequency small-signal model of the VSG power loop is established. It 

is proved that the active and reactive loops can be decoupled and controlled separately[8].  All the 

researches above mainly focuses on the inertia of the frequency and power of the AC side of the 

converter. In [9], the inertial simulation control strategy is proposed by deriving the coupling 

relationship between the AC side angular frequency and the DC voltage. The DC inertia is gain while 

the AC inertia is sacrificed. In [10] proposed a DC microgrid coordinated virtual inertia control and 

the virtual inertia provided by the energy storage device copes with the fluctuation of the system when 

it is disturbed. However, a high-pass filter composed of a differential link may introduce high-

frequency components. In [11], the virtual inertial control of DC microgrid is studied. By dynamically 

changing the droop curve, the DC voltage change rate is reduced. In [12], the similarity between the 
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DC capacitor energy storage equation and the generator rotor energy storage equation is compared.  In 

summary, there are problems exist: (1) Most researches are limited in the idea of virtual synchronous 

generator control; (2) As increasing the DC inertia, the AC inertia is sacrificed. The DC bus voltage 

fluctuation is reduced while the AC side power or frequency fluctuation is significantly increased. 

In order to solve the problems, this paper proposes a virtual inertial control strategy for grid-

connected converters, which makes the converter have both virtual DC inertia and virtual AC inertia. 

Virtual DC inertia can effectively suppress DC bus voltage fluctuation and the virtual AC inertia can 

effectively suppress the fluctuation of the AC side power.  

2. Grid-connected converter virtual inertia control 

2.1. Grid-connected converter structure 

The structure of the grid-connected converter is shown in Figure 1. It mainly consists of a three-phase 

bridge converter circuit composed of IGBTs, a DC-side capacitor C and an AC-side inductor L. The 

DC bus voltage is udc. The three-phase output voltage of the converter are ea, eb, ec and the three-phase 

voltages on the grid side are ua, ub, uc. The current on the AC side are ia, ib, ic. The current flowing into 

the DC grid by the converter is Idc., and the load current is Io. The power flow into the converter from 

the AC side is Pin. The power flow out from the converter to DC is Pout.  
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Figure 1. Grid-connected converter structure 

2.2. Virtual DC inertial control strategy  

The mechanical inertia of the synchronous generator has been refered in the design of the virtual 

synchronous generator. The active power-frequency control equation of the VSG control is [13] 

 
* d

P J
d

P
t


   (1) 

Where *P , P  is the reference value and the actual value of the active power of the converter, J  is 

the virtual inertia of the frequency,   is the angular velocity of the converter. In fact J  can be 

approximated as an inertia constant J . If the damping characteristic of the frequency is considered, 

equation (1) can be expressed as 

 
* *( )

d
P J D

dt
P  


      (2) 

Where D  is the frequency damping coefficient, 
*  is the reference angular frequency or the grid 

angular frequency. The damping coefficient acts as a drooping factor.  

According to Figure 1, the power-voltage relationship of the DC side of the converter can be 

derived as 

 dc
in out dcC

du
P

t
uP

d
    (3) 

If the DC voltage drooping characteristic is considered, then 

 ( )dc
in out dc dc dc

du
P P u K u U

dt
C      (4) 
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Where 
dcU is the nominal DC voltage and K is the DC voltage droop factor. In fact, the DC bus 

voltage fluctuation is small. 
dcCu can be regarded as an inertia constant

uJ . Therefore, this paper refers 

to the active-frequency control of the AC system VSG and constructs virtual DC inertia in the DC 

system. The virtual DC inertia control equation can be shown as 

 
*

* ( )dc
u dc dc

du
P P J K u U

dt
     (5) 

Where 
uJ is the inertia coefficients of the voltages. From the equation (5), the reference DC 

voltage can be given as 

 * *1
[ ( ) ]dc dc dc

u

u P K
s

U u P
J

     (6) 

2.3. Virtual AC inertial control strategy 

In the traditional DC inertia control algorithm, the fluctuation response of the AC side power and 

frequency increases while the inertia enhancing. A virtual AC inertia control with double-loop 

structure is designed to solve this problem. The voltage-current vector of the converter can be shown 

in Figure 2. E is the vector of ea, eb, ec. U is the vector of ua, ub, uc of the grid. I is the vector of ia, ib, 

ic. The voltage vector E  rotates at an   and the voltage vector U  rotates at 
* . 
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Figure 2. Voltage-current vector of AC side 

According to Figure 2, the relationship of the voltage vector can be obtained as 

 E jXIU    (7) 

Under the normal circumstances, the voltage on the inductor L is small. Then 

 dI
U

L



   (8)   

Then 

 
*( )dI d

U

L
t 


    (9) 

In order to improve the stability, a PI regulator 
1vG is used instead of the integral regulator. The 

active power-frequency control equation of VSG control in equation (2) can be shown as  

 * * *1 [ ( ) ]v
dI P

J s

G
DP 



      (10) 

2.4. Virtual inertial control strategy 

According to the equations (6) and (10), the relationship between the control amount of the active 

current and the power voltage can be obtained separately. The control block diagram of the virtual 

inertia of the grid-connected converter can be obtained based on above. Figure 3 shows the control 

block diagram. 
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Figure 3. Control block diagram of the virtual inertia 

3. Virtual inertial control modelling 

3.1. Grid-connected converter small signal modeling 

According to Figure 1, The small signal equation of the system as 

 
ˆ ˆˆ ˆ
ˆ ˆˆ ˆ

d d q

q

d

q qd

u Lsi Li e

u Lsi Li e





  

  
  (11) 

Where 
du , qu  is the component of ua, ub, uc in dq coordinate of the grid side. 

di ,
qi are the 

component ia, ib, ic in dq coordinate. And 
de , qe are the component of ea, eb, ec in dq coordinates. 

The small signal decomposition of DC-side voltage-current equation is 

 ˆ ˆ ˆˆ
dc d d d odCsu d I D i i     (12) 

In this paper, the influence of load current is eliminated by current feedforward.  The current 

feedforward transfer function is  

 ˆ ˆ
o f c k oi G G G i   (13)  

The instantaneous power is controlled by the active power 
acP  on the AC side, ˆ ˆ

ac d dP u i . 

According to Figure 2, the small signal decomposition of equations (2) and (6) is  

 ˆ ˆˆ
d du i J Ds      (14) 

 
*ˆ ˆˆ

d d u dc dcJ u uu i Ks     (15) 

The virtual inertia transfer function block diagram of the grid-connected converter can be obtained 

as shown in Figure 4. 
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Figure 4.  Closed-loop transfer function block diagram 

4. Virtual inertial dynamic characteristics and simulation analysis 

4.1. Grid converter basic parameters 

The basic parameters of the grid-connected converter designed in this paper are shown in Table 1. 
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Table 1.  Parameters of the grid-connected converter 

Parameter Value Parameter Value 

Nominal power P/kW 10 Three-phase line voltage RMS u/V 380 

DC bus voltage Udc/V 800 DC capacitor C/mF 1 

AC inductance L/mH 1 Switching frequency f/kHz 10 

The he regulators in the control loop are 
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4.2. Virtual inertia simulation analysis 

In order to verify the effectiveness of the proposed virtual inertial control, the simulation of grid-

connected converter is built in Psim. In the simulation, the grid-connected converter is first operated at 

rated power. At 0.05 s, the load on the DC side is suddenly increased by 5 kW.  

When 300D  , 1J  , DC bus voltage variation under different 
uJ is shown in Figure 5. The DC 

bus voltage changes slowly, indicating that the virtual inertial control proposed in this paper can 

effectively suppress the DC bus voltage fluctuation. Comparing the changes of the DC bus voltage 

under different virtual DC inertia parameters, it can be found that the larger of 
uJ , the more inertia the 

DC voltage have. 
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Figure 5.  DC bus voltage variation under different 

uJ  

Then this paper analyzes the influence of different virtual AC inertia parameters on DC bus voltage 

and AC power. Supposing 5uJ  , 0.1J  , When the load is abrupt, the simulated waveforms of AC 

power under different virtual AC inertia parameters D  and J  are shown in Figure 6 and Figure 7. 
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Figure 7. Waveforms under different J  
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It can be seen from Figure 6 that the fluctuation of the AC power is large without the virtual AC 

inertia. With the virtual inertia control, the change of AC power is relatively gradual. The smaller of 

D
 , the more gradual change of AC power. It can be seen from Figure 7 that the smaller J , the 

more gradual the AC inertia. The virtual AC inertia provided by the virtual inertial control strategy can 

effectively suppress the fluctuation of the AC power.  

5. Conclusion 

This paper designs a virtual inertial control algorithm that can make the grid-connected converter have 

both DC inertia and AC inertia. The main conclusions are as follows: 

(1) The virtual DC inertia control equation and virtual AC inertia equation is established. This 

paper proposes a virtual inertial control strategy for converters with both AC inertia and DC inertia, 

which could be widely used in the control of various types of grid-connected converters. 

(2) The virtual inertial control strategy can effectively suppress the DC bus voltage fluctuation and 

AC power fluctuation caused by load fluctuation and power load switching. The converter has certain 

inertia characteristics from the perspective of the AC system or the DC system. 

References 

[1] Hikihara T, Sawada T, Funaki T. Enhanced entrainment of synchronous inverters for distributed 

power sources [J]. IEICE Transactions Fundamentals, 2007, 90 (11): 2516-2525. 

[2] Zhang Li, Feng Tianjin, Feng Lanlan, et al. Seamless switching control for modular bi-

directional AC/DC converter parallel systems [J]. Proceedings of the CSEE, 2012, 32(6): 90-96 

(in Chinese). 

[3] Dragičević T, Lu Xiaonan, Vasquez J C, et al. Supervisory control of an adaptive-droop 

regulated DC microgrid With battery management capability [J]. IEEE Transactions on Power 

Electronics, 2014, 29(2): 695-706. 

[4] Wu T F, Chang C H, Lin L C, et al. DC-bus voltage control with a three-phase bidirectional 

inverter for DC distribution systems [J] . IEEE Transactions on Power Electronics, 2013, 28(4): 

1890-1899. 

[5] Chen Pengwei, Xiao Xiangning, Tao Shun. Discussion on Power Quality Problems of DC 

Microgrid[J]. Automation of Electric Power Systems, 2016, 40(10): 148-158. 

[6] Zhong Qingchang, George Weiss. Synchronverters: inverters that mimic synchronous 

generators [J]. IEEE Transactions on Industrial Electronics, 2011, 58(4): 1259-1267. 

[7] Wu Heng, Yan Xinbo, Yang Dongsheng, Chen Xinran, Zhong Qingchang, Lü Zhipeng. 

Modeling of the Power Loop and Parameter Design of Virtual Synchronous Generators[J]. 

Proceedings of the CSEE, 2015, 35(24): 6508-6518. 

[8] Han Gang, Cai Xu. Output impedance modeling of virtual synchronous generator and its 

adaptability study in a weak grid [J]. Electric Power Automation Equipment, 2017, 37(12): 116-

122. 

[9] Zhu J, Booth C D, Adam G P, et al. Inertia emulation control strategy for VSC-HVDC 

transmission systems [J]. IEEE Transactions on Power Systems, 2013, 28(2): 1277-1287.  
[10] Zhu Xiaorong, Cai Jie, Wang Yi, Feng Yadong, Hu Xianlai. Virtual Inertia Control of Wind-

battery-based DC Micro-grid [J]. Proceedings of the CSEE, 2016, 36(01): 49-58. 

[11] C. Wang, J. Meng, Y. Wang and H. Wang, "Adaptive virtual inertia control for DC microgrid 

with variable droop coefficient," 2017 20th International Conference on Electrical Machines 

and Systems (ICEMS), Sydney, NSW, 2017, pp. 1-5. 

[12] Wu Wenhua, Chen Yandong, Luo An, Zhou Leming, Zhou Xiaoping, Yang Wei. A Virtual 

Inertia Control Strategy for Bidirectional Grid-connected Converters in DC Micro-grids [J]. 

Proceedings of the CSEE, 2017, 37(02): 360-372 . 

[13] Zhong Qingchang, Nguyen Phi-Long, Ma Zhenyu, et al. Self-synchronized synchronverters: 

inverters without a dedicated synchronization unit [J]. IEEE Transactions on Power Electronics, 

2014, 29(2): 617-630. 


