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Abstract 

Numerous advantages of a BLDC motor over a brushed DC motor in absence 

of the mechanical commutators which allows higher speeds. Having individual 

converters has advantages like more flexible individual control and simpler 

design but does not encourage functionality merging. As a result, power 

converter structure has been introduced as an alternative in high power and 

medium voltage situations using DG system. Distributed Generation (DG) has 

become increasingly more accepted since the demand for reliable and secure 

power systems with high power quality increases. This project presents the 

Distribution Generation system. The power flow is determined by controlling 

the amplitude and angle of displacement between the voltage produced by the 

DG and the grid voltage, i.e., the control variable is the same before and after 

the islanding mode occurs. The voltage control provides the capability to 

supply different kinds of loads to the DG system, such as linear, nonlinear, and 

motor, balanced, or unbalanced, even if the DG operates in the islanding 

mode. These kinds of controls are suitable for DGs operating in parallel as 

each of the DGs are connected to the grid through a distribution transformer 

(DT). Conversely, the other approaches introduced more effective. The 

operation of a distributed generation (DG) system driven by a dc-dc step-up 

converter and a dc-ac voltage source inverter (VSI) interfaced to BLDC drive 
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system. The simulation results are presented by using Matlab/simulink 

software. 

 

Keywords: Distributed generation (DG), islanding modes, power converters, 

BLDC Drive System. 

 

I. INTRODUCTION 

A DG based Brushless DC motors with 

trapezoidal Back-EMF have several 

inherent advantages. Most prominent among 

them are high efficiency and  high  power 

density due to the absence of field winding, 

in addition the absence of brushes leads to 

high reliability, low maintenance and high 

capability. In practice, power engineers of 

utilities adopt the approach, load transfer, to 

improve the reliability of distribution 

systems. Because generating facilities were 

not allowed to be connected to utilities’ 

distribution systems in the past, the 

conventional load transfer approach is very 

simple for a radial distribution system. Once 

a fault happens in a distribution feeder, the 

load supplied by the faulted distribution 

feeder is transferred to other health 

distribution feeders via switching devices. 

The major limitation of load transfer is that 

the currents flowing in  the  health.  

Distribution feeders do not exceed their 

thermal limits. 

Recently, the use of power or current in the 

d-q synchronous reference frame [6]–[9] as  

control  variables to command the voltage 

source  inverter  (VSI) connected to the grid 

has generated considerable interest from the 

scientific community. With either method, 

before or after the contingency takes place, 

the control variable remains the same, 

making the DG operate with limited 

capability   to supply the load. On the other 

hand, two control algorithms were proposed 

to improve the grid-connected and 

intentional-islanding operations methods in 

[10], in which the DG system must detect 

the situation and switch from power or 

current to voltage as a control variable to 

provide constant rms voltage to the local 

loads such as adjustable speed drive, in that 

here preferred BLDC drive as a several load 

demand  for  merely industrial applications. 

The main  goal  of  this paper is grid 

interfaced converter strategy with  closed  

loop control action, to regulate the 

voltage/current over islanding mode for 
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maintain constant load achievement 

condition. Here the dynamic analysis of  

proposed converter strategy is evaluated by 

using Matlab/Simulink platform and 

simulation results are conferred. 

 

II. CHARACTERISTICS OF THE DG 

SYSTEM  

Fig.1 shows a diagram of the system used to 

analyze a typical connection of a DG system 

to a specific feeder, although studies to 

determine the best site for DG insertion 

should be performed before the operation 

analysis. 

 

 

Fig.1 General Diagram of the distributed generation system 

 

 

Fig2. Block diagram of the dc voltage/current control 
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A power plant represents a secondary 

source (DG systems), while in this study the 

standard grid is a basic configuration system 

found in 1547 standard (simulated system) 

or a California Instruments LX 4500 source 

(experimental setup). Furthermore, the 

primary energy used in the proposed DG 

system is the same as the previously 

mentioned renewable energy sources.  

 

A dc-dc converter is employed to equalize 

the dc link voltage and deliver energy for 

fast transients when required by the local 

load, while a dc-ac converter is used to 

guarantee  the power quality delivered to 

customers (local load) and the specific 

feeder. To avoid disturbances between the 

dc- ac converter and the feeder, a phase-

locked loop (PLL) algorithm [6] associated 

with the zero voltage crossing detectors was 

used. 

 

A. DC-DC Converter 

A dc-dc step-up converter was used as an 

interface between the dc source and dc link 

of the three- phase dc-ac converter, as 

shown in Fig.2. The step-up converter 

boosts the dc voltage and supplies the fast 

transients of energy required for the local 

load, thereby minimizing disturbances in the 

feeder current. The behavior of the step-up 

converter is similar to a voltage source, and 

the power it  delivers to the grid depends on  

the point of maximum power (PMP) defined 

by the dc source .  

 

The PMP is obtained using a tracking 

algorithm, based on the primary energy 

source. To keep the converters operating in 

a stable mode, proportional- integral (PI) 

controllers were used as a control  technique  

to stabilize the L boost current and dc 

voltage (VDC). 

 

 

Table I: PI Voltage parameters Of the Dc-Dc converter 

FLC Hz  mf ( o ) VDC (V ) Lboost (mH ) H 
i boost 

400 80 1,000 5 1/250 
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Table II PI Voltage parameters Of The Dc-Dc converter 

F LC Hz  mf ( 
o
 ) V DC (V ) CDC (mF) HV  DC 

50 60 1,000 12 1/1,500 

 

A method based on phase-margin (mf) and cutoff frequency (FCL) was used to obtain the PIs 

constants (1) and (2), where the open loop gain (GOL),  angular  frequency (ωFCL), and mf define 

the PIs constants  (kprop and kint) 

 

 

 

Tables I and II display the main design parameters to namely, Hi_boost and Hv_DC gains for the 

dc current and voltage sensors, respectively. 

 

B. DC-AC Converter 

Closed-loop controls of the output current and voltage were implemented to guarantee inverter 

voltage quality. PIs controllers were also used as the control technique, while the design method 

of these PIs is the same as that used in the dc-dc step-up converter. 
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Fig.3 Block diagram of the ac voltage/current control 

 

Table III: Current pi Parameters of the DC-AC Converter

FLC Hz  mf ( 
o
 

V (V ) 

) DC 
Lconv (mH ) H 

i _ DC  AC 

1,200 70 1,000 2 1/250 

 

Table IV: Voltage pi Parameters Of The DC-AC converter 

FLC Hz  mf ( 
o 
) VDC (V ) Cconv (F ) HV _ DC AC 

120 70 1,000 15 1/360 

 

Since the closed-loop cutoff frequency of 

the PI current controller was chosen one 

decade below the switching frequency, the 

PI of the current retains a good 

compensation capability in the frequency 

range of interest. To improve this capability, 

a feed forward of the reference voltage 

could be used to compensate the residual 

error in the closed-loop gain at low 

frequencies. Due to its high power and the 

need for reduced switching frequency, the 

voltage controller exhibits allow regulation 

bandwidth (a few hundred Hertz).To  

 

improve the control response of the output 

voltage regulator for fundamental and 

harmonic components, a resonant controller 

(3) is placed in parallel along with the 

convention al voltage PI, thereby reducing 

the converter impedance.  

 

In equation (3),(h)is the harmonic order, 

(ωch)is the band pass around the resonance  

 

angular frequency,(ω0) is the resonance 

angular frequency, and (kih)is the resonant 

controller gain[6]. A general block diagram 
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demonstrating the control v is shown in 

Fig.3. 

 

Tables III and IV present the main design 

parameters of the ac PIs, where in 

Hi_DC_AC and Hv_DC-AC are the ac current and 

voltage sensors gains, respectively 

 

 

 

C. Grid Characteristics 

Tables I and II display the main design 

parameters to determine the PIs constants of 

the boost converter, 

  

In the simulations, the complete distribution 

system found in 1547 standard is composed 

of 13.8-kV feeders connected to a 69-kV 

radial line through 69/13.8-kV substation 

transformers, as shown in Fig.1. To insert 

the DG at the distribution system, a 

13.8/0.38 kV distribution network 

transformer is required to equalize the 

voltage levels. See Table: 5 

 

The line model employed in the simulations 

took into account the Bergeron’s traveling 

wave method used by the Electromagnetic 

Transients Program, which utilized wave 

propagation phenomena and line end 

reflections. Additionally, a set of switches 

was inserted between the DGs and 

distribution system, isolating them from 

each other to avoid the DG system supplies 

loads (loads placed in neighboring feeders 

where the DG was installed) connected to 

the high voltage side of the distribution 

transformer.  

 

Due to the high level of power and voltage,   

 

12 kHz was used as the PWM switching  

frequency for both converters. An 

experimental setup was built to substantiate 

the DG operation. 

 

The grid  was represented  by a California 

Instruments LX 4500 source and an  

isolated 220/220-V transformer; the power 

converter was commanded by an Analog 

Devices 21992 DSP, while the parameters 

to design the controllers are those in Tables 

I– IV, except for the parameters in Table V, 

which were calculated for a 3-kVA low 

scale prototype. 

 

To maintain their similarity with the 

simulations, the switching and sampling 

frequencies were also kept at 12 kHz. The 

grid parameters (4)  and  (5)  used  in  the   
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experimental   setup were calculated to have 

the same dynamic response as the simulated 

system. 

 

 

Table V: Modified Parameters of the Converters 

VDC (V ) CDC (F ) H i boost H V  DC H i _ DC  AC 

330 2,800 1/12 1/360 1/12 

 

 

The main grid parameters of the equivalent 

model used in the experimental setup are 

represented   by   Lgrid,   Rgrid,   PSC,   f,   

and   V
2
ABsource (inductance and resistance 

(losses), short-circuit power, rated 

frequency, and rms voltage (phases A and 

B), respectively) 

 

 

 

D. Synchronization Algorithm 

To connect the DG to the grid, it is essential 

to synchronize both systems, which is done 

by means of a PLL algorithm that computes 

the average of the internal product between 

vsource and the synchronous voltage(v’⊥). If 

this equals zero in steady-state regime, v’⊥ 

And v source are perpendicular and 

synchronized. 

 

 

 

 

 

 

 

 

 

 

 

Fig.4: PLL algorithm 
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To compare the characteristic equation of 

the prototype transfer function with the 

PLL closed-loop  transfer function (7), PI 

constants (8) and (9) can be adjusted by 

choosing the most suitable values for the 

natural un damped frequency(ωn) and 

damping ratio(ξ). To avoid stability 

problems, ωn should ideally be greater  

than  one or two periods of the 

fundamental frequency, and the maximum 

overshoot lower than 30%. 

 

A general description of the PLL 

algorithm is found in Fig.4, where ωr, 

∆ω, and Hv are the rated angular 

frequency (= 2π60), adjusted angular 

frequency, and voltage sensor gain 

(1/360) (voltage measured  at  the 

grid), respectively 

 

 

 

III.  POWER CONTROL THROUGH 

THE FEEDER 

Energy produced by the renewable energy 

sources can be transferred to the grid by 

controlling the amplitude of the voltage 

produced by the DG, and the angle between 

the grid  voltage  and  the  DG  voltage  (β  

angle)  through  a coupling   inductor   (LS).   

This   serves   as   an additional inductance 

placed to connect the DG to the grid, or the 

leakage inductance of the DT. If LS is a DT 

parameter, Vsource must be measured on the 

high voltage side of the distribution network 

transformer.  To achieve a controlled  

 

To connect the DG to the grid, it is essential 

to synchronize both systems, which is done 

by means of a PLL algorithm that computes 

the average of the internal product between 

vsource and the synchronous voltage(v’⊥). If 

this equals zero in steady-state regime, v’⊥ 

And v source are perpendicular and 

synchronized. 

 

The integration of the angular frequency (ω) 

then defines the θ angle (θ=wt) used as the 
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argument to Produce v’⊥. Due to the high 

sampling and switching frequency Ts≈0, the 

delay block can be dismissed in the PLL 

closed loop transfer function power flow 

from the DG to the grid, the DG voltage 

angle (VA) must be ahead of the grid voltage 

angle (VAsource). When this occurs, the DG 

delivers active power to the grid, as shown 

in Fig.5. 

 

 

Fig.5: Phasor diagrams. (a) Delivering 

active and reactive power. (b) Delivering 

active and absorbing reactive power 

 

The same analysis is can be applied to the ac 

voltage amplitude produced by the DG: if 

the amplitude of VA is greater than VAsource 

the DG delivers reactive power to the grid; 

however, if the amplitude of VA is less than 

VAsource the DG absorbs reactive power from 

the grid. 

 

 

 

Fig.6 Determination of the voltage 

reference 

The β angle is determined by the average 

power  flowing  to the grid (Psource), the 

connection  reactance  (XLs),  the rms phase 

voltage (VAsource) synthesized by the grid, 

and  the rms voltage produced (VA) by the 

DG according to (10). After defining the β 

angle, the DG voltage amplitude of VA must 

be adjusted according to (11), where VAsource 

and XLS are the same parameters described 

in (10). If Qsource=0 the unity power factor 

(PF) to the feeder is obtained. Additionally 

LS is designed for a small voltage variation 

on the ac local voltage produced by the dc-

ac inverter [7]-[10]. In Fig.6, the voltage 

reference (Vref) of  the dc-ac power 

converter  is determined  by displacing θ by 

π/2 and adding the β angle to the result. The 

φ angle is then used as the argument of a 

sinusoidal function and multiplied by VA to 

obtain the voltage reference that must be 

synthesized at the VSI terminals 
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BLDC MODEL 

The BLDC motor is an AC synchronous 

motor with permanent magnets on the rotor 

(moving part) and windings on the stator 

(fix part). Permanent magnets create the 

rotor flux. The energized stator windings 

create electromagnet poles. The rotor 

(equivalent to a bar magnet) is attracted by 

the energized stator phase, generating a 

rotation. By using the  appropriate sequence 

to supply the stator phases, a rotating field 

on the stator is created and maintained. This 

action of the rotor - chasing after the 

electromagnet poles on the stator - is the 

fundamental action used in synchronous 

permanent magnet motors. The lead between 

the rotor and the rotating field must be 

controlled to produce torque. This 

synchronization implies knowledge of the 

rotor position. On the stator side, three phase 

motors are the most common. These offer a 

good compromise between precise control 

and the number of power electronic devices 

required to control the stator currents. For 

the rotor, a greater number of poles usually 

create a greater torque for the same level of 

current. On the other hand, by adding more 

magnets, a point are reached where, because 

of the space needed between magnets, the 

torque no longer increases. The 

manufacturing cost also increases with the 

number of poles. As a consequence, the 

number of poles  is a compromise between 

cost, torque and volume. 

 

 

Fig.7: Single Permanent Magnet Pair Pole 

Rotor 

 

The BLDC Motor Control 

The key to effective torque and speed 

control of a BLDC motor is based on 

relatively simple torque and Back EMF 

equations, which are similar to those of the 

DC motor, The Back EMF magnitude can be 

written as: 

 

E=2NlrBω (12) 

And the torque term as 

 

  (13) 

 

Where N is the number of  winding turns per 

phase, l  is  the length of the rotor, r is the 

internal radius of the rotor,  B is the rotor 

magnet flux density, ω is the  motor’s  

angular velocity, i is the phase current, L is 
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the phase inductance, θ is the rotor position, 

R is the phase resistance. 

 

Matlab/Simulink Results 

Here simulation is carried out in several 

cases, in that 1) Implementation of 

Proposed Converter Operating of 

Proposed Converter Operating with 

Distributed Generation with BLDC Drive 

System. 

 

 

Case 1: Implementation of Proposed Converter Operating with Distributed Generation 

Scheme 

 

 

Fig.8 Matlab/Simulink Model of Proposed Converter Operating with Distributed Generation 

Scheme 

 

Fig.8 shows the Matlab/Simulink Model of Proposed Converter Operating with Distributed 

Generation Scheme using Matlab/Simulink Software package. 
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Fig. 9. DG absorbing active power from the grid 

 

Fig. 9. Shows the DG absorbing active 

power from the grid, subsequently, a soft 

transfer of power starts  at 0.2 s  of the 

simulation range, followed by a base  load  

operation. Due to the method used 

synchronization  and soft transfer of power 

minimal disturbances are observed  in the 

grid. 

 

Fig. 10 shows the Load currents and 

voltages produced by the DG with nonlinear 

load. To observe the system’s capability, the 

minimal value of active and reactive power 

flows through the grid, with the  nonlinear  

load represented by a non controlled three-

phase  power  rectifier plus RC load that 

demands around 50 kVA from the DG. 

 

 

Fig. 10. Load currents and voltages produced by the DG with nonlinear load. 
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Fig.11 THD analysis of Current 

 

Fig.11 shows the THD analysis of Current,  

attains  75.78%. The THD of the voltage 

imposed by  the  VSI even with the resonant  

 

 

controller compensating the  1st, 3rd, and 

5th to 15th harmonics, however, the THD of 

the load current achieves more than 70%. 

 

 

Fig.12 (a) Source Side Voltage, Current, Power 
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Fig.12 (b) Grid Active & Reactive Power 

 

Fig.12 (a) Source Side Voltage, Current, Power from the DG system and (b) Grid side Active & 

Reactive Power, islanding with zero power flow condition. 

 

 

Fig.12 shows the (a) Source Side Voltage, 

Current, Power from the DG system and (b) 

Grid side Active & Reactive Power, 

islanding with zero power flow condition.  

Identifies the effect of the islanding mode 

compared with the load connection or power 

transfer to the grid. In each case, the 

islanding mode did not affect the dc link 

voltage and power, or the ac power flow 

through the grid, which was not the case for 

the load connection  or  power  transfer. 

 

 

Fig.13 (a) Source Voltage & Power 
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Fig.13 (b) Grid Active & Reactive Power 

 

 

Fig.13 (a) Source Side Voltage, Power from 

the DG  system and (b) Grid side Active & 

Reactive  Power, another important aspect 

of the DG operation is the islanding mode 

followed by a reconnection. As above, the 

condition performed here considers a limited 

power level exchanged with the grid. 

 

 

Fig.14 Grid Voltage & Current of the DG system absorbing power from the grid and DG 

system delivering power to the grid. 
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Fig.15 Grid Voltage & Current, Power Factor, Load Current, Nonlinear load connected to the 

DG terminals and nonlinear load connected to the DG terminals. 

 

 

Fig.16 Instantaneous single-phase source power, source voltage, and source current, however,  

these  transients were slowly damped because the amplitude of the DG system is limited, the 

extra switched resistance placed in parallel with CDC to increase the system damping was not 

used, and the additional inductance LS was designed to obtain its minimum value. 
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Fig.17 Grid Voltage & Current 

 

 

Fig.18 Stator Current, Speed, Electromagnetic Torque 

Fig.18 shows the Stator Current, Speed, and 

Electromagnetic Torque of the Grid 

connected  system  with islanding system to 

update the performance of the drive. 

 

Case 2: Implementation of Proposed Converter Operating with Distributed Generation Scheme 

with BLDC Drive System. 
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Fig.19: Matlab/Simulink Model of Proposed Converter Operating with Distributed Generation 

Scheme with BLDC Drive System 

 

Fig.19 shows the Matlab/Simulink Model of Proposed Converter Operating with Distributed 

Generation Scheme with BLDC drive system using Matlab/Simulink platform. 

 

 

Fig.20 Stator Current and Back EMF 
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Fig.21: Speed & Electromagnetic Torque 

 

Fig.20 shows the Stator Current and Back 

EMF of Proposed Converter Operating with  

Distributed Generation Scheme with BLDC 

drive system. 

 

Fig.21 shows the Speed & Electromagnetic 

Torque of Proposed Converter Operating 

with Distributed Generation Scheme with 

BLDC drive system. 

 

IV. CONCLUSION 

Recent development of high-performance 

semiconductor power switches such as 

MOSFETs and insulated-gate bipolar 

transistors (IGBTs) increases the research 

interest in high-power converters, such as 

high step up dc –dc converters. This paper 

presents an alternative solution to 

connecting a DG system to the grid/drive 

application, whereby the amplitude and 

displacement of the voltage synthesized by 

the DG is regulated with respect to  the grid 

voltage and the control variable before and 

after the contingency is always the same. 

Additionally, a dc-dc step-up converter and 

a dc-ac VSI are used in a DG system as an 

interface with the power  grid. To improve 

the DG operation, the dc link voltage must 

be controlled, in this case by a dc-dc step-up 

converter. PI controllers associated with 

resonant regulators were used as  a  solution 

to produce distortion-free DG voltage, even 

when the local load is nonlinear or when 

distortion occurs in the grid voltage. 

Although the PLL algorithm  tracks  as 

rapidly as possible, the frequency 

oscillations are slowly damped due to the 

limits of amplitude. The proposed system is 

applied to BLDC drive system to update the 
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characteristics of the drive system and 

simulation results are presented. 
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