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Abstract:  

This paper proposes an application of Split-Pi converter to the integration of various elements in a 

single smart node of microgrid. A smart node is created to receive the power from the sources, 

which includes a photovoltaic system (PV) and a common DC bus, and supply to DC loads, including 

DC motor. The stability of converter DC-link voltage, the wide range and robustness of speed 

regulation of the DC motor are the main requirements in this application. Two controllers are 

introduced to regulate the DC-link voltage and the DC-motor speed. Each controller is established 

with an outer loop of proportional integral (PI) regulator and an inner loop of sliding-mode current 

regulator. The sliding-mode regulators are used for the inner control loop regulators since they offer 

several benefits such as high stability and robustness of the voltage and speed responses. The smart 

node with converter DC-link can be also used for the development of mesh network for the 

microgrid.  Computer simulation confirms the effectiveness of proposed configuration. 
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Tóm tắt:  

Bài báo đề xuất một ứng dụng của bộ biến đổi Split-Pi trong tích hợp nhiều phần tử khác nhau trong 

một nút thông minh của lưới điện siêu nhỏ. Nút thông minh được tạo ra để tiếp nhận công suất từ 

nhiều nguồn khác nhau, bao gồm một hệ thống pin mặt trời, thanh góp chính một chiều, cung cấp 

cho tải một chiều trong đó có động cơ điện một chiều. Yêu cầu chính của ứng dụng này là cần đảm 

bảo sự ổn định điện áp của thanh góp chính một chiều, phạm vi điều chỉnh rộng và đáp ứng điều 

chỉnh nhanh của bộ điều khiển tốc độ động cơ. Hai bộ điều khiển được sử dụng để điều khiển điện 

áp của thanh góp chính một chiều và tốc độ của động cơ. Mỗi bộ điều khiển được tạo bởi vòng điều 

chỉnh ngoài kiểu tích phân-tỷ lệ và vòng điều chỉnh dòng điện bên trong kiểu trượt. Các bộ điều 

chỉnh kiểu trượt được sử dụng cho vòng trong vì có nhiều ưu điểm như đáp ứng điện áp và tốc độ 

ổn định cao và nhanh. Nút thông minh với kết nối một chiều cũng có thể được sử dụng trong lưới 

điện mạch vòng của lưới điện siêu nhỏ. Mô phỏng trên máy tính xác nhận tính hiệu quả của cấu hình 

đã đề xuất.      

Từ khóa:  

Động cơ điện một chiều, lưới điện siêu nhỏ, điều khiển kiểu tích phân - tỷ lệ, điều khiển trượt, bộ 

biến đổi Split-Pi. 
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1. INTRODUCTION 

Along with the rapid development of 

renewable energy sources such as wind 

power and photovoltaic (PV) systems, the 

structure of microgrid is correspondingly 

evolved in order to be appropriate for 

local supplying power systems. The 

microgrid is commonly divided into AC 

microgrid, DC microgrid and hybrid AC-

DC microgrid. The DC microgrid offers 

several advantages including the 

suitability with the sources like PV 

systems, which are instinctively DC 

sources. Furthermore, DC loads such as 

LED lighting, DC motor, electric 

vehicles, etc., are replacing lower 

efficiency AC loads [1]. According to [2], 

90% of the traditional house appliances 

are able to be substituted by DC ones. In 

the AC network, the connection of DC 

loads to the AC section requires multiple 

stages of DC-AC and AC-DC converters 

that causes high power losses in the 

distribution system. Inversely, the DC 

microgrid offers several superiorities 

including: lower losses, higher efficiency, 

reliability and stability. 

Playing the role of power transformers in 

AC grid, various topologies of DC-DC 

converters have been used in DC 

microgrids [3]. As a recently potential 

choice, DC-DC Split-Pi converter has 

been increasingly applied to the microgrid 

due to the capability of bidirectional 

control of power flow [4], [5], [6]. 

Moreover, it can be used as a smart node 

in the DC network [7]. It has been used in 

various applications including the electric 

vehicles, DC motor control, battery 

management and energy conversion [8]. 

For the microgrid, the converter is 

expected to contribute efficiently and 

reliably to the integration of renewable 

energy sources, battery storage systems 

and various types of loads.  

In this paper, we propose a configuration 

of DC power supply system using Split-Pi 

converter with two decoupled controllers 

for regulating the DC-link voltage and the 

DC motor speed. It will be shown that the 

utilization of Split-Pi converter with 

selected control system permits building a 

node with stable voltage under the 

variation of power fed by the PV system 

due to the intermittence of solar 

irradiation and the change of DC load 

demand. In addition, the constraint of 

keeping the speed response of the DC 

motor is guaranteed. The DC motor is 

chosen to investigate since it can still be 

found in extensive application of steel 

plants, paper and textile mills, printing 

presses, cranes and winches. Furthermore, 

the DC motor has several advantages 

including high starting torque, wide range 

of speed control, quick starting, stopping, 

reversing and accelerating [9].     

The remainder of paper is organised as 

follows. Section 2 introduces the 

configuration of DC power supply system 

and the controllers. Simulation results are 

then presented in Section 3. Finally, some 

conclusions are given in Section 4.  
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Fig. 1. Principle diagram of a Spli-Pi converter [10]

2. DC MOTOR POWER SUPPLY 

SYSTEM  

2.1. Structure of microgrid 

The DC-link of the Split-Pi converter is 

used to create a special node in the DC 

microgrid.  

Split-pi is a DC-DC converter, illustrated 

in Fig. 1. 

The converter is mainly composed of 4 

power electronic switches: S1, S2 at 

terminal a; S3, S4 (terminal b); and a DC-

link capacitor in the middle. 

In the structure, Split-Pi converter is a 

type of buck-boost converter, which is 

commonly used in the DC-DC conversion 

applications [11]. This converter allows 

regulating the power at both terminals of 

a and b by controlling the duty of the four 

switches with pulse width modulation 

(PWM) at high frequency. 

The Split-Pi converter is connected to the 

following elements, as shown in Fig. 2. 

 The DC common bus (E): this is the 

common bus of the grid, which is 

commonly at the DC side of a DC/AC 

converter connected to the main AC grid. 

The bus voltage is controlled by the 

converter controller. The bus is connected 

to one port of the Split-Pi converter. 

 PV is connected to the DC-link via a 

DC-DC converter [12], which is MPPT 

controlled to extract maximum power 

from the Sun; 

 DC load, whose consuming power can 

be changed, is supplied from the DC-link. 

To assure the operation of the load, as 

afore mentioned, the DC-link voltage 

needs to be remained around its nominal 

value; 

 A separately connected DC motor is 

connected to the other port of the 

converter. Mathematical model of the 

motor is given by [13]: 
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where: vf and if  are the field voltage  

and current, respectively; va and ia  

are armature voltage and current, 

respectively; r is the motor speed; Te is 

the electromagnetic torque, Te = kvia; TL is 

the load torque; p denotes d/dt; f = Lf/Rf, 

a = La/Ra, with Rf, Lf, Ra, La, kv, Bm, and 

J are the parameters of DC motor, given 

in the appendix. 
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Fig. 2. Configuration of proposed power supply systems 

2.2. Control system 

The control system is composed of two 

controllers for regulating the DC-link 

voltage and the motor speed. A detailed 

description of these controllers will be 

shown as follows.  

The first controller is responsible for 

holding the DC-link voltage in a 

permitted deviation from the nominal 

value. It includes an inner current control 

loop and an outer control loop for the DC-

link voltage. The voltage control loop 

uses PI regulator whereas sliding-mode 

regulator is applied in current control 

loop.  

In this study, the half of converter with 

terminal "a" operates in boost mode that 

the model of boost converter can be 

utilized to design the regulator.  

Since the dynamic of current control loop 

is much greater than that of the voltage 

control loop, the closed loop system of 

converter proposed in [14] can be applied. 

Accordingly, the transfer function of the 

closed loop system is written by: 

a
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where La is the parameter of the 

converter, R is considered as a load at the 

DC-link, Kpv and Kiv are the parameters 

of the PI voltage regulator, =1/(1D) 

with D is the duty cycle. 
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Following that, the parameters of the PI 

regulator can be calculated by using 

different methods such as the Ziegler-

Nichols method combined with loop 

shaping method [14]. In our study, these 

parameters are computed by equating  

the coefficients of the closed loop 

characteristic polynomial to those of a 

desired characteristic polynomial pd(s) of 

the form: 

s
2 
+ 2ns + n

2
 = 0   (3) 

with  is the damping factor and n is the 

undamped natural frequency. Hence, we 

obtain: Kpv = 0.5; Kiv = 10.   

In addition, for the current regulator, the 

following control strategy can be applied 

[15]: 

u = 0.5.[1 + sign(iLa  iLa*)]  (4) 

where iLa* is the reference, which is the 

output of the voltage regulator. The 

sliding-mode technique is selected since it 

is naturally suited for the regulation of 

switched controlled systems. It allows to 

reduce the system order and the controller 

is less sensitive to the variation of system 

parameters. 

The speed of DC motor is regulated by 

the second controller, which is composed 

of an inner current control loop and an 

outer speed control loop. The design of 

current regulator is similar to that of DC-

link voltage controller. Differently, the 

speed regulator is a PI type controlling the 

speed to obtain a minimum steady-state 

error and transient duration. Its design is 

in the following.   

In the condition of constant excitation, 

the electromagnetic torque is directly 

proportional to the armature current. 

Moreover, the inductor current at the 

terminal "b" iLb of the converter can be 

calculated by: 

iLb = ia + iCb    (5) 

where iCb the capacitor current at terminal 

"b", in steady state iCb = 0. It means that 

the speed can be controlled via the 

inductor current iLb; and the capacitor 

current iCb plays as a disturbance in the 

control loop. 

From the third equation of (1), a first-

order transfer function between the 

armature current ia and the motor speed r 

can be derived. Following this, the 

parameters of the speed PI regulator that 

operates in the closed loop with the 

feedback of speed can be determined on 

the basis of a second-order characteristic 

equation. By equating this equation to a 

desired one, given in traditional form 

(3), we obtain the parameters of the speed 

regulator as: Kpw = 3; Kiw = 10.  

3. SIMULATION RESULTS  

In order to illustrate the performance of 

the controller, simulation of proposed 

configuration is developed in following 

conditions: 

 The voltage of DC common bus E is 

400 V; 
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 The nominal voltage of DC-link Vlink is 

500 V; 

 The model of single Diode [16] is 

applied; 

 The parameter of Sunpower SPR-305-

WHT-U (305W) solar panel is used [17]; 

 The controller uses parameters in 

Section 2. 

 

Fig. 3. A) DC link voltage, b) DC motor speed, c) PV power, d) DC load power 

Fig. 3 presents main simulation results of 

system shown in Fig. 2 in the period of 15 

s. As can be seen the DC-link voltage is 

remained fair stability around the nominal 

value although there is a disturbance in 

the duration (2-4) s. Meanwhile, the DC 

motor speed is robust controlled under the 

variation of the PV power variation, 

Fig.3, c or the change of DC load, Fig.3, 

d. It is noted that the speed is regulated in 

a wide operation range from stationary 

state to the nominal speed. It must be 

underlined that the simulation condition 

is quite exaggerated since the PV power 

rate of change is much slower in reality. 

The obtained results demonstrate  

the effectiveness of the proposed 

configuration and the highly satisfactory 

performance of the designed controllers. 

4. CONCLUSION 

An application of Split-Pi converter has 

been shown for microgrid, which include 

PV system and a dynamic load of DC 

motor. The control of the converter has 

been developed and successfully validated 

in simulation. As future works, the 

proposed structure will be extended by 

connecting to other components such as 

the energy storage system. In addition, the 

droop control will be developed in the 

scenario that the DC motor is fed by 

multiple sources. 

5. APPENDIX 

Parameters of DC motor 5 HP 240 V 
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1750 rpm, Uf = 300 V, Ra = 2.581 , La = 

0.028 H, kv = 1.011 Vs/rad, Rf = 281.3 , 

Lf = 156 H, J = 0.02215 kgm
2
/s

2
, Bm = 

0.002953 N.m. 

REFERENCES 

[1] P. Torcellini, S. Pless, M. Deru và D. Crawley, “Zero Energy Buildings: A Critical Look at the 

Definition.,” trong ACEEE Summer Study Pacific Grove, California, 2006. 

[2] K. Garbesi, V. Vossos và H. Shen, “Catalog of DC Appliances and Power Systems,” Lawrence 

Berkeley National Laboratory, Berkeley, CA (United States), 2010. 

[3] S. Dahale, A. Das, N.M. Pindoriya và S. Rajendran, “An overview of DC-DC converter topologies 

and controls in DC microgrid,” trong 7th International Conference on Power Systems (ICPS), 

Shivajinagar, India, 2017. 

[4] H.G. Vu và Đ.T. Nguyen, “Application of Split-Pi converter to regulating power flow in electrical 

network containing photovoltaic systems,” Journal of science and technology, Hanoi university of 

industry, số 39, pp. 15-19, 2017. 

[5] A. Maclaurin, R. Okou, P. Barendse, M. Khan và P. Pillay, “Control of a flywheel energy storage 

system for rural applications using a Split-Pi DC-DC converter,” trong Electric Machines & Drives 

Conference (IEMDC), 2011 IEEE International, 2011. 

[6] A. Alzahrani, P. Shamsi và M. Ferdowsi, “Single and interleaved split-pi DC-DC converter,” trong 

IEEE 6th International Conference on Renewable Energy Research and Applications (ICRERA), 

San Diego, CA, 2017. 

[7] M. Barara, H. Morel và C. Guy, “Control Strategy Scheme for Consistent Power Flow Control in 

Meshed DC Micro-grids,” trong COSYS-DC, International Conference on Components and Systems 

do DC Grids, Grenoble, France, 2017. 

[8] MSF Technologies,  

Available: http://msf-technologies.com/brands/split-pi/ [Đã truy cập 2020]. 

[9] R.K. Rajput, A Textbook of Electrical Technology, Firewall Media, 2004, pp. 159-160. 

[10] K. Natori, H. Obara, K. Yoshikawa và B. C. &. S. Y. Hiu, “Flexible power flow control for next-

generation multi-terminal DC power network,” 2014. 

[11] H. & S.-O.R. Sira-Ramirez, Control Design Techniques in Power Electronics Devices, London: 

Springer-Verlag, 2006. 

[12] H.G. Vu and T.T.H. Ma, “Investigation and simulating of the photovoltaic system connected to 

power grid via a three -phase voltage source inverter,” EPU journal of science and technology for 

energy, số 10, 3-2016.  

[13] P. Krause, O. Wasynczuk và S. Sudhoff, Analysis of electric machinery and drive systems, IEEE 

Press, 2002. 

[14] M.R. Dave và K.C. Dave, “Analysis of boost converter using PI control algorithms,” International 

Journal of Engineering Trends and Technology, tập 3, số 2, pp. 71-73, 2012. 

[15] H.G. Vu và C.C. Duong, “Application of DC-DC boost converter to the development of photovoltaic 

emulator in the laboratory,” Journal of science and technology, Thai Nguyen university, tập 178, 

số 2, pp. 25-29, 2018. 



TẠP CHÍ KHOA HỌC VÀ CÔNG NGHỆ NĂNG LƯỢNG - TRƯỜNG ĐẠI HỌC ĐIỆN LỰC 

(ISSN: 1859 - 4557) 

 

8                                                                                                                                    Số 25  

[16] H.-L. Tsai, C.-S. Tu và Y.-J. Su, “Development of generalized photovoltaic model using 

MATLAB/SIMULINK,” trong Proceedings of the world congress on Engineering and computer 

science, 2008. 

[17] http://www.solardesigntool.com/components/module-panel-solar/Sunpower/514/SPR-305-WHT-

U/specification-data-sheet.html [Đã truy cập 2020]. 

 

Biography: 

 

Vu Hoang Giang received the B.S degree and the M.S. degree in Electrical 

Engineering from Hanoi University of Science and Technology, Vietnam in 2002 

and 2005, respectively, and then PhD degree in Electrical Engineering at University 

of Claude Bernard Lyon 1, Lyon, France in 2014. He is current full-time lecturer at 

Electric Power University in Vietnam.  

His research interests include condition monitoring, state and parameter 

estimation of of electrical machines and power converters, control and protection 

of microgrids. 

 

Nguyen Phuc Huy received his B.S and M.S degree in Electrical Engineering from 

Hanoi University of Science and Technology (HUST), Viet Nam in 2003 and 2010 

respectively, and the PhD degree in the Electric Power System and Its Automation 

at North China Electric Power University (NCEPU), Beijing, China in 2015.  

His research interests include Power Quality, Application of Power Electronic in 

Power System, and  Power System Reliability. 



TẠP CHÍ KHOA HỌC VÀ CÔNG NGHỆ NĂNG LƯỢNG - TRƯỜNG ĐẠI HỌC ĐIỆN LỰC 

(ISSN: 1859 - 4557) 

 

Số 25                                                                                                                                     9 

 


