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Premium Power Quality Using Combination of Microturbine  
Unit and DC Distribution System 

 
 

Reza Noroozian†, Mehrdad Abedi* and Gevorg Gharehpetian* 
 

Abstract – This paper discusses a DC distribution system which has been supplied by external AC sys-
tems as well as local microturbine distributed generation system in order to demonstrate an overall so-
lution to power quality issue. Based on the dynamic model of the converter, a design procedure has 
been presented. In this paper, the power flow control in DC distribution system has been achieved by 
network converters. A suitable control strategy for these converters has been proposed, too. They have 
DC voltage droop regulator and novel instantaneous power regulation scheme. Also, a novel control 
system has been proposed for MT converter. Several case studies have been studied and the simulation 
results show that DC distribution system including microturbine unit can provide the premium power 
quality using proposed methods. 
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1. Introduction 
 
Sensitive loads in modern distribution network require a 

high quality power supply. Also the installation of the DG 
close to these loads, would improve the supply quality and 
reliability. Unfortunately, the use of DG could result in an 
undesirable system voltage profile, an increase in the fault 
level and protection problems. In this regard, the custom 
power devices can improve the power quality and the reli-
ability of sensitive loads [1]-[2]. They can convert the AC 
power into DC power and store the energy in capacitors 
and battery banks. Therefore, these devices are capable to 
inject AC power to customer during disturbances in order 
to enhance power quality. However, one may face the 
complex operation and high maintenance and initial costs 
[3]-[8]. If the custom power devices have been used simul-
taneously, the coordination of these devices for power 
quality and reliability enhancement would be a hard task. 
In order to meet the above requirements, several concepts 
have been proposed and studied such as “FRIENDS” [9], 
“Premium Power Park” [10]-[11], and “Custom power 
Park” [12]. The one possible design of the power quality 
park has been suggested in [9], which could be supplied the 
commercial and industrial loads in close proximity require 
varied quality in a power supply. Indeed, [10]-[11] describe 
the results of some preliminary works concerning a so-
called premium power quality park. In [12], all customers 
of the park benefit from high quality AC power supply. In 
this power park, the DG unit is kept a standby to supply 
power when a catastrophic failure causes both the incom-
ing feeders to trip. It must be noted that there are a number 

of technical issues in combined operation of AC and DC 
distribution system by DG units. For instance, as the DG 
would play a central role in the DC distribution system 
operation, the unavoidable interactions between the DG 
and the external AC upstream system should be carefully 
examined. Moreover, in previous researches [9]-[12] the 
impacts of the upstream or downstream fault on the pre-
mium power park have not considered. In general, a power 
quality park attempts to overcome some of the technical 
challenges caused by DGs while, providing premium 
power quality services. The DC distribution systems offer 
high power density, high efficiency and tightly regulated 
output voltage as needed by recent electronic loads [13]. 
DC distribution systems at lower voltage levels are mainly 
used only in specific applications, such as telecommunica-
tion equipment [14], shipboard systems [15] and traction 
systems [16]. The integration of DG units in AC and DC 
distribution systems provide additional performance which 
is superior to the combination of the custom power devices 
in the distribution system. In this paper, The DG consid-
ered is in the form of a microturbine unit. the proposed 
system to control power electronic converters have been 
used to increase the flexibility in controlling power flows 
to/from the external AC upstream system while DGs obtain 
the efficient generation and act as the backup energy source. 
In this paper, combined AC and DC distribution system 
accompanied by microturbine unit has been presented to 
replace the custom power park for more simpler and effec-
tive operation of commercial and industrial loads. The pro-
posed system is able to compensate the voltage and current 
disturbances and can protect the sensitive load against dis-
turbances. It is shown that the nonlinear load does not in-
ject harmonic currents to the AC grid and unbalancing 
would not be occurred in the AC grid by the nonlinear load. 
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2. DC Distribution System Configuration 
 
Fig. 1 shows the DC distribution system including mi-

croturbine unit used for extensive investigation and case 
studies in this paper. Unlike a conventional UPS system, 
the proposed configuration has been equipped with gener-
ating sources in the form of DGs instead of batteries. The 
DC bus has been assumed to be lossless and has been con-
nected to AC distribution system by two AC/DC network 
converters in order to enhance system reliability. These 
converters should have equal rated powers [1]. Considering 
the merits of Voltage Source Converters (VSC) [1], [17], 
they have been employed as interface between AC grid and 
DC bus. The power fed to the DC bus is supplied by two 
external AC feeders via AC/DC network converters, each 
connected to independent substations. In the sample system, 
it is assumed that a microturbine unit has been connected 
to the DC bus through its AC/DC diode rectifier and 
DC/DC converter. These DC/DC converters are called MT 
converter. 

The loads fed by DC bus, in Fig. 1, are divided into three 
categories: 

a) L1 is a sensitive or critical load, which requires unin-
terrupted sinusoidal voltage. 

b) L2 is a nonlinear load, which draws harmonic current. 
c) L3 is an unbalanced load, which draws unbalance current.  
 
Power balancing in DC bus could be achieved by 

AC/DC network converters equipped with DC voltage 
regulator, which adjust the DC voltage at acceptable limit 
during steady state and dynamic conditions. Therefore the 
active power of microturbine unit can be injected to the DC 
bus and loads all connected to the DC bus could be sup-
plied with the constant DC voltage. The power regulation 
of microturbine unit can be specified by various criteria 
such as maximum efficiency conditions or thermal load 
requirements [18]. 

 

System
AC External

No.1Converter 
Network

Converter
MT

2 No.Converter 
Load

neMicroturbi

F1

rectifier
onalUnidirecti

(L1) load AC
 Sensitive

(L2) load AC
Nonlinear 

1 No.Converter 
Load

(L3) load AC
 Unbalanced

3 No.Converter 
Load

kV 0.75
Bus DC

System
AC External

F2

1gz

No.2Converter 
Network

DC

AC DC

AC

DC

AC

DC

DC

DC

AC

DC

AC

1gv

2gz2gv

 

Fig. 1. DC distribution system with microturbine genera-
tion system. 

It is also advisable to use all available power of micro-
turbine unit from economical point of view. Thus, consid-
ering both technical and economical constraints, the con-
trol system of MT converter should not be designed to sup-
port the power balancing for DC bus. In the system, shown 
in Fig. 1, the energy storage system is not required to sup-
port the DC voltage. The main objective of the this system 
selection is the demonstration of the overall solution to 
power quality, reliability, energy-delivery efficiency prob-
lems in the lack of the energy storage system and the pos-
sibility of the DC bus utilization in parallel with external 
AC network or in islanding mode during AC grid outages. 
The proposed sample system has large potential to provide 
premium power quality. 

 
 

3. Power Management Strategy 
 
The objective of the power management strategy is to 

achieve optimal operational performance providing pre-
mium power quality, reliability and efficient energy dis-
patch. Power management strategy related to network con-
verters should provide the reference active and reactive 
power signals for the power regulation. The reference ac-
tive power signal of a network converter is determined by 
the DC voltage regulator system, which will be discussed 
in the next section. The reference reactive power of a net-
work converter in AC side is specified by its reactive 
power management strategy which is usually Unity Power 
Factor (UPF) operation [19]-[20]. The reference active 
power of a DG unit is specified by its power management 
system which should consider various technical and eco-
nomical constraints. In generators supplied by non-
renewable sources, e.g., microturbines and fuel cells, the 
active power management strategies consider various crite-
ria, such as maximum efficiency conditions or thermal load 
requirements [18]. In synchronous generators connected to 
microturbine, power factor control, e.g. UPF, is usually 
adopted to maximize the active power generation [19]-[21]. 
The main objective that should be met for power manage-
ment strategy in the sample system, are as follows: 
1) The proposed control strategy is based on locally meas-

ured signals since no communication exists among mi-
croturbine unit and network converters. 

2) The control scheme of network converter is based on the 
control loop feedback of the DC voltage because this is 
the only common signal for power balancing in DC bus. 
Moreover, each network converter is equipped with DC 
voltage regulator with relatively slow responses for real 
power control. 

3) Each network converter injects the power from the ex-
ternal AC network to the DC bus while the available DC 
power generation is not sufficient for supplying system 
loads. It is obvious that under inverter operation each 
network converter injects the excessive DC power to the 
external AC network. 

4) Simple, fast and flexible power control strategies are 
required to damp the proposed system oscillations, e.g., 
due to islanding. 
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The dynamic model for the DC side of the system is 
shown in Fig. 2a. Two network converters, connected in 
parallel, can be modeled by current sources controlled by 
DC bus voltage signal. These converters distribute the cur-
rent changes between themselves. In addition, the power 
reference for two bidirectional network converters is pro-
vided by DC voltage regulator. The DG unit converters and 
load converters are operating in the current control mode. 
The control philosophy for two network converters is 
based on feedback from the DC bus voltage, dcV  and the 
reference value for the DC bus voltage. If the DC bus volt-
age is low, the power should be injected to the DC bus by 
DG units or the external AC systems. If the DC bus voltage 
is high, the surplus power in DC bus must be returned to 
external AC systems. As it can be seen in Fig 2a, we have: 
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where, 1nI  and 2nI  are the output currents of network 
converters No. 1 and No. 2 respectively. MTI  is the out-
put currents of microturbine unit. 1LI , 2LI  and 3LI  are 
the output currents of load converters No. 1, No. 2 and No. 
3 respectively. netI  is the current difference between the 
output current of all loads and DG units connected to the 
DC bus. sC  is the equivalent capacitance of the network, 
storage and DG converters. Also rC  is the equivalent 
capacitance of the load converters. iref,dcV  and niI  are 

DC reference voltage and the output current of the i -th 
network converter respectively. niP  and niR  are the out-
put DC power and the equivalent resistance of the i -th 
network converter respectively. The measured DC bus 
voltage is low pass filtered to attenuate the interaction be-
tween the negative sequence voltage of the AC side and 
DC bus voltage control and to enhance controller pole 
placement. lpω  is the break-over frequency of the low 
pass filter (shown with LPF in Fig. 2a). Considering equa-
tions (1), (2) and (3), the measured voltage, the reference 
voltages in DC bus ( 1dcrefV  and 2dcrefV ) and the current 
difference between the output current of all loads and DG 
units ( netI ) can be presented in one block diagram as 
shown in Fig. 2b. This figure shows the main structure of 
the DC bus voltage droop controller for the network con-
verters. dcC  which is equal to rs CC + , is the total 
equivalent capacitance of converters connected to the DC 
bus. From Fig. 2b, we have: 
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The closed loop transfer function is given by the follow-

ing equation: 
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The desired characteristic equation can be expressed as: 
 

22 2 nnn ss)s(p ωωζ ++=             (5) 
 

where, nζ  and nω  are the desired closed loop damping 
and bandwidth, respectively. The value of DC bus equiva-
lent capacitors determines the performance of the DC volt-
age control system.  
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Fig. 2a. DC side dynamic model. 
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Fig. 2b. Structure of the DC bus voltage droop controller. 
 
The total required DC bus capacitor, dcC , can be deter-

mined by using equations (4) and (5): 
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The steady state model for the DC side of the system is 

shown in Fig. 3a. The above mentioned equations can be 
written for the steady state condition as follows: 
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Substituting equation (9) in the equation (8) we get: 
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Using equations (9) and (11), we obtain: 
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It is clear that if ref,dcref,dcref,dc VVV == 21 , then the cir-

culating current, cI , is equal to zero. In addition, if 

nnn RRR == 21 , then the injected currents to the DC bus 
via network converters, 1nI  and 2nI , are equal. However, 
the proper load sharing can be obtained by the appropriate 
selection of inR . The voltage droop, δ , can be defined as 
follows: 
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The equation (10) can be rewritten in the following form: 
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At rated power conditions, equation (16) can be rewritten 
as follows: 
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Using equations (6) and (18), we have: 
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It is clear that if ref,dcref,dcref,dc VVV == 21  and 

rated,nrated,nrated,n PPP == 21 , then the total required DC 
bus capacitor can be determined by the following equation: 
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Fig. 3b shows the steady state droop characteristics of 

network converters. The output current of these converters 
can be controlled by the slope of the voltage droop charac-
teristics. For suitable operation of network converters, DC 
bus voltage can be changed within two threshold values, 

refuV  and reflV . By the proposed control strategy for net-
work converters, the DC bus voltage must be kept stable 
within an acceptable limit. Moreover, if the DC bus voltage 
exceeds the threshold value refMTV , the power produced 
by DG units is cancelled out. 
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Fig. 3a. DC side steady state model. 
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Fig. 3b. Droop characteristics of network converters. 
 
In the system, the power difference between the load 

demands and power generation of DG units is calculated as 
follows: 

 
loadsMTnn PPPP =++ 21             (21) 

 
MTP  is the output power of a microturbine unit. loadsP  

is total power consumed by all loads connected to the DC 
bus. It is obvious that the injected power by network con-
verters to the DC bus, 1nP  and 2nP , can be classified into 
two main categories respect to power flow direction, 
namely:  

1) Forward-flow mode of operation: in which the AC 
power is injected to the network converter by the AC 
grid, in order to supply the DC bus. 

2) Reverse-flow mode of operation: when the additional 
power available in the DC bus could be injected to the 
AC grid via network converter. 

 
 

4. Control Strategies of Converters 
 
The main objective of the control strategy for each con-

verter, connected to the DC bus, is the enhancement of the 
power quality, reliability and energy efficiency. In this pa-
per, suitable control strategies for each converter have been 
presented. These strategies are mainly based on the control 

of the DC bus voltage within acceptable limit. 
 

4.1 Circuit Configuration and Control Scheme for 
Network Converters 

 
The equivalent circuit of a network converter is shown 

in Fig. 4. This converter is represented with three ideal 
current sources ref

fai , ref
fbi  and ref

fci . The converter man-
ages the amount of the current injected to the DC bus and 
vice versa. As it can be seen in Fig. 4, the input signals of 
the network converter controller are source phase voltages, 

av , bv  and cv , source line currents, ai , bi  and ci , 
three phase output currents for this converter fai , fbi  and 

fci , DC bus voltage dcv  and the reference DC voltage, 

dcrefV . fL  is the inductance of the converter filter. gR  

and gL  are the resistance and inductance of the AC grid. 
This controller uses the Hysteresis Current Control (HCC) 
switching technique. As it can be seen in Fig. 4, we have: 
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The circuit configuration and control scheme for each 

network converter has been depicted in Fig. 5a. The main 
part of this scheme is DC voltage regulator. In this paper, 
the droop control strategy has been used for each network 
converter, since it does not require any communication 
system [22]. More details of the DC voltage regulator are 
shown in Fig. 5b. It is obvious when the DC bus voltage, 

dcv , remains constant at the level of ref,dcV , the power 
balancing occurs in the DC bus. As shown in Fig. 5b, the 
DC voltage of each network converter (i.e., voltage at DC 
bus) is measured and after passing through a low pass filter, 

lp,dcv  could be compared with the reference voltage (i.e.,  
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Fig. 4. Equivalent circuit of network converter. 
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Fig. 5a. Block diagram of network converter controller. 
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Fig. 5b. DC voltage regulator. 
 

ref,dcV ). Then the DC voltage error can be fed to the droop 

controller whose droop is nK , in order to obtain the in-
jected current (i.e., ni ) to the DC bus. The multiplication 
of dcv  and ni  determines the injected power to the DC 
bus of each network converter (i.e., np ). For the regulator 
shown in Fig. 5b, we have: 
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Using equations (23) and (24), we obtain: 
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The above mentioned equations in steady state condition 

can be rewritten as follows: 
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droop is: 
 

n
n K

R 1
=                   (29) 

 
The 0−− βα  transformation and the power calcula-

tion box in Fig. 5a perform the following equations: 
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The reference active power, np , can be produced by the 

DC voltage regulator (equation (24)). In addition the refer-
ence reactive power, nq , can be produced by the power 
calculation box (equation (30)). In the present work, sta-
tionary transformation (Clarke transformation) has been 
used in order to provide simple and fast control strategy. 
Thus, the βα −  component related to the reference cur-
rent of each network converter can be expressed by the 
equation (32). 
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The zero-sequence current in the zero coordinate frame 

of reference is 0i , and it is clear that: 
 

00 iiref =                 (33) 
 
Finally, the 0−−βα  inverse transformation box shown 

in Fig. 5a calculates the three-phase current references to 
be fed into the Hysteresis Current Control (HCC) scheme. 
Thus: 
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The comparison of the calculated reference currents and 

the actual currents generated by the network converter will 
result in the error signal, which controls the switches of the 
converter. 

 
4.2 Circuit Configuration and Control Scheme for 

Microturbine Unit 
 
Fig. 6 shows the block diagram of microturbine (MT) 

generation unit. MT generation unit has a common rotating 
shaft, associated with the Permanent Magnet Synchronous 
Generator (PMSG), combustor, compressor, and turbine. 
PMSG is connected to the DC bus via three phase unidirec-
tional rectifier as well as DC/DC converter [23]. In this 
plant the turbine is high speed type (50,000-90,000 rpm) 
including airfoil bearing. PMSG provides a high frequency 
AC power in the range of 1-2 kHz. The output of PSMG is 
rectified by three phase unidirectional diode rectifier. In 
order to implement the control strategy on injected DC 
power to the DC bus, a DC/DC converter is required. 

The equivalent circuit of the MT converter is shown in 
Fig. 7. This converter is represented with an ideal current 
source, ref

fMTi . The converter manages the amount of the 
current injected to the DC bus. The input signals of MT 
converter controller are MT units output voltage MTv , MT 
unit output current MTi , reference active power of a MT 
unit, mref,MT pP ± . 

The control strategy for a MT converter has been shown 
in Fig. 8. In this control scheme, the reference active power, 

ref,MTP  is specified by the related active power management 
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Fig. 6. Block diagram of microturbine system. 
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Fig. 7. Equivalent circuit of MT converter. 
 
strategy. The active power variation, mp  is specified 

by the MT voltage droop controller. The DC voltage error 
can be fed to the proportional-integral (PI) controller 
whose gain is mK , in order to obtain the injected current 

(i.e., mi ) to the DC bus. The multiplication of dcv  and 

mi  determines the injected power to the DC bus of MT 
converter (i.e., mp ). If the voltage exceeds the higher ref-
erence value, refnuV , the signal mp  is negative and the 
MT converter reduces the injected power to DC bus and if 
it is lower than the lower reference value, refnlV , the signal 

mp  is positive and the MT converter increases the in-

jected power to DC bus. The reference current, ref
fMTi , can 

be determined as follows: 
 

MT

mref,MTref
fMT v

pP
i

±
=              (36) 

 
The comparison of the calculated reference current 

ref
fMTi , and the actual currents generated by the MT con-

verter fMTi  will result in the error signal, which is fed to 
the HCC system which determines the switching pattern of 
MT converters. If the DC bus voltage exceeds the threshold 
value refMTV , the power produced by MT unit is cancelled 
out. 
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Fig. 8. Block diagram of microturbine controller. 
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4.3 Circuit Configuration and Control Scheme for 
Load Converters 

 
The load converter is voltage source converter (VSC) 

with neutral clamped DC capacitors. This topology is char-
acterized by the connection of the neutral point of the load 
to the midpoint of the clamped DC capacitors. The equiva-
lent circuit of the load converter is shown in Fig. 9. This 
converter is represented with three voltage sources, ref

fav , 
ref
fbv  and ref

fcv . The equations describing load converter 
voltages and currents are expressed by the following equation: 
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where, fav , fbv  and fcv  are line to neutral three phase 

output voltages of the load converter. fai , fbi  and fci  

are three phase output currents. lav , lbv  and lcv  are line 
to neutral three phase voltages of AC loads. 
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Fig. 9. Equivalent circuit of a load converter. 
 
The voltage equations in the 0−− qd  reference frame 

are as follows: 
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The circuit configuration and control scheme for each 

converter has been depicted in Fig. 10. The load converter 
between the DC bus and AC loads can be controlled by 

fV − control strategy, which regulates the voltage and the 
frequency of AC loads. In the fV −  controller, it is clear 
that: 

1) Frequency (ω ) can be obtained by Phase Lock Loop 
(PLL) using desirable frequency (e.g., 50 Hz). 

2) The load phase voltages ( lav , lbv  and lcv ) can be 
detected and transformed to the stationary reference 
frame with Clarke transformations and then into a 

0−− qd  synchronously rotating reference frame us-
ing following equations: 
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The load phase voltage should be kept balanced and si-

nusoidal with constant amplitude and frequency. Therefore 
the expected load voltage in the 0−− qd  reference frame 
should have only the following value: 
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The reference load current loops in the 0−− qd  coor-

dinate are: 
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The output signals from PI controller can be expressed 

by the equation (43). 
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The reference output voltages for the load converter are 

transformed to the cba −−  by using inverse synchro-
nously rotating and stationary reference frames. 
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Then the available voltages in the cba −−  coordinate 

are compared with the triangular wave provided by PWM 
voltage control block. Therefore the output provides suit-
able switching pattern of each load converter. 
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Fig. 10. Control scheme for load converter. 
 
 

5. Simulation Results 
 
The system shown in Fig. 1 has been simulated by 

PSCAD/EMTDC software in order to study the combined 
AC and DC distribution system from power quality prob-
lems point of view. It is assumed that 100 kW network 
converters are in service. It is also assumed that the refer-

ence DC voltage is V 750=ref,dcV  and the nominal droop 

is 5 percent, V 712.5=refnlV  and V 787.5=refnuV . The 
rated power for a microturbine unit is assumed to be 20 kW.  

 
5.1 Voltage Interruption in AC Distribution System 

 
In this section a three phase fault at point F2 of Fig. 1 

has been simulated. The result is a voltage interruption 
during the time period of t=10.3s till t=10. 5s. Fig. 11a il-
lustrates the phase voltages ( 2aV , 2bV  and 2cV ) at point 
F2. Fig. 11b depicts the variations of the active power in 
external AC grids ( 1nP  and 2nP ), as well as power associ-
ated with AC and DC loads connected to the DC bus (i.e., 

321s LLLL PPPP ++= ), and the output power of MT unit 
injected to the DC bus (i.e., MTP ). 

Fig. 11c shows the DC bus voltage which remains con-
stant during voltage interruption using the proposed power 
regulation scheme for network converters. As it can be seen 
the actual DC bus voltage ( dcV ) follows the DC voltage 
( dy,dcV ) and matches the results determined by equation (3). 

 

 

Fig. 11a. Phase voltages in AC side of network converter 
No. 2. 

 

 

Fig. 11b. (a) Active power variations. 
 

 

Fig. 11c. DC bus voltage. 
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Fig. 12 illustrate the phase voltages at the terminal of the 
sensitive load ( 1aLV , 1bLV  and 1cLV ), the nonlinear load 
( 2aLV , 2bLV  and 2cLV ) and the unbalanced load ( 2aLV , 

2bLV  and 2cLV ), respectively. It can be seen that the high 
quality voltages have been provided for AC loads. To quan-
tify the level of the voltage unbalance, the percentage of 
unbalance is expressed in accordance with the definition of 
the “degree of unbalance in three phase system” [24]. In 
this case, the negative sequence unbalance is lower then 
1% which is acceptable. It must be noticed that interna-
tional standards admit unbalances lower than 2% [24]. 

 

 

Fig. 12. Grid-side phase voltages of the load converters No. 
1 (L1), No. 2 (L2) and No. 3 (L3). 

 
5.2 Reference Power for Microturbine Unit 

 
In this section, it is assumed that the reference active 

power of microturbine unit has been reduced by 25 % of 
rated power, and subsequently increased to its rated power. 
Fig. 13a shows the instantaneous active power of external 
AC grids and MT unit as well as AC and DC loads. It can 
be said that the suggested control strategy for MT con-
verter provides reasonable response. As shown in Fig. 13a, 
the instantaneous active power of network converters ( 1nP  
and 2nP ) are equal showing the proper load sharing. 

Fig. 13b also depicts the DC bus voltage, which experi-
ences a swell while the reference of the active power has 
been decreased and returns to the nominal DC voltage, 
( ref,dcV ). It is also clear that when the reference of the ac-
tive power has been increased to the rated power, the DC 
bus voltage experiences sag phenomena. As it can be seen 

the actual DC bus voltage ( dcV ) follows the DC voltage 
( dy,dcV ) and matches the results determined by equation (3). 
The other simulation results, which are not presented in 
this paper, can be verified by equations (16), (21) and (28). 

 

 

Fig. 13a. Active power variations. 
 

 

Fig. 13b. DC bus voltage. 
 

 

Fig. 14. Nonlinear load phase current. 
 
5.3 Temporary Loss of Load Converter 
 
Fig. 14 to 16 shows the simulation results due to the loss 

of the load converters No 2 and No. 3. Fig. 14 shows the 
phase currents of AC loads due to the loss of the associated 
converters for 0.2 second (from t=10.3s till t=10. 5s). 
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Fig. 15a shows the instantaneous active power of exter-
nal AC grids and MT unit as well as AC and DC loads. In 
this situation due to the loss of the load converters No. 2 
and No. 3, the network converters return the additional 
power from the DC bus to the external AC system.  

Fig. 15a also shows that the injected active power to the 
DC bus by MT unit is reduced. The proposed control strat-
egy for MT converter is able to response during abnormal 
operating conditions. Fig. 15b shows the DC bus voltage,  

 

 

Fig. 15a. Active power variations. 
 

 

Fig. 15b. DC bus voltage. 
 
 

 

Fig. 16. Grid-side phase voltages of the load converters No. 
1 (L1), No. 2 (L2) and No. 3 (L3). 

which is within acceptable limit. As it can be seen the ac-
tual DC bus voltage ( dcV ) follows the DC voltage ( dy,dcV ) 
and matches the results determined by equation (3). The 
other simulation results, which are not presented in this 
paper, can be verified by equations (16), (21) and (28). 

Fig. 16 depicts the phase voltages at the terminal of the 
sensitive load ( 1aLV , 1bLV  and 1cLV ), the nonlinear load 
( 2aLV , 2bLV  and 2cLV ) and the unbalanced load ( 2aLV , 

2bLV  and 2cLV ), respectively. It is clear that these volt-
ages are not affected by the loss of the converters. To quan-
tify the level of the voltage unbalance, the percentage of 
unbalance is expressed in accordance with the definition of 
the “degree of unbalance in three phase system” [24]. In 
this case, the negative sequence unbalance is lower then 
1% which is acceptable. It must be noticed that interna-
tional standards admit unbalances lower than 2% [24]. 

 
 

6. Conclusion 
 
In this paper it is shown that the DC distribution system 

accompanied with microturbine unit provide premium 
power quality services. Unlike previous works on the pre-
mium power park, the role of the microturbine unit and the 
power electronic converters in the proposed system are 
examined in regards to mitigating the impacts of the fault 
disturbances on loads. Analysis of the power system re-
sponse and the design of the control system of the DC dis-
tribution system have been also presented. The proposed 
system is able to compensate the voltage sags, swells and 
voltage interruption under different operating conditions. 
In this paper PSCAD/EMTDC software has been used for 
the modeling and the simulation of the system component 
and proposed control strategies for power electronic inter-
faces, in order to investigate the DC bus voltage behaviors, 
power quality problems and load sharing. The results show 
that the proposed strategies provide the suitable load shar-
ing between network converters, while the DC bus voltage 
remains with acceptable level. The results also show that 
the proposed system can protect the sensitive load against 
disturbances. It is shown that the nonlinear load does not 
inject harmonic currents to the AC grid and unbalancing 
would not be occurred in the AC grid by the nonlinear load. 
The efficacy of the scheme is born out by simulation re-
sults.  
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