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ABSTRACT 
Three phase grid connected converters are widely used in renewable energy sources applications. Power 

synchronization control are applied to voltage source converters, based on d axis and q axis current connected to 

weak ac system. This paper presents synchronous current converter control methodology in weak grids/micro grids 

with d and q axis current applications, and offers a methodical, clear outline approach utilizing the circle forming 

procedure. The synchronous current converter empowers prevalent decoupling of d and q axis current in powerless 

networks where these control factors are extremely coupled because of converter at load edges with the power sharing 

from the real and reactive power consists of voltage amplitude and angle frequency. By using power synchronization 

control, stability of voltage source converter can be improved in weak grid applications. To represent ac/dc 

frameworks, the jacobian exchange grid is proposed as a bound together displaying approach. The simulation for the 

proposed method is done by MATLAB/SIMULINK software and the performance results were obtained.  

KEY WORDS: Direct axis and Quadrature axis current controller, weak grid, micro grid. 

1. INTRODUCTION 

Operation of micro grids is to build more penetration of renewable energy resources in the distributed 

network. It characterizes and creates control methodologies to guarantee proficient, steady, and monetary operation 

and administration of micro grids. A specialized test to empower a DG unit and its nearby load to work in a matrix 

associated mode is to hardware the coupling voltage-source converter (VSC) with a controller that can suit the 

islanded method of operation inspite of the heap parameters faltering. The fundamental target DG interface depends 

on a current-controlled voltage source converter to infuse the required genuine and receptive forces by means of 

current control. Along these lines, conveyance period needs to change to voltage controlled mode and consequently, 

an islanding recognition method is required. Quick reaction of current control technique is more basic for a micro 

grid as contrasted and an extensive interconnected network. The reasons are; a) nearness of numerous little DG units 

with altogether extraordinary power limits and era qualities, b) presence of no prevailing source of strength period 

along with self-sufficient method of operation, and c) quick reaction of electronically interfaced DG units, which can 

unfavorably influence voltage/edge strength if appropriate arrangements are not in place.   

The synchronous current controller is standard goal due to the certified and responsive power sharing inside 

voltage and recurrence. Nonetheless, the multifaceted nature of flag infusion and the heartiness of measuring yield 

control varieties created by the infused flag make this plan a long way from being down to earth. New techniques 

like static droop compensator & upgraded hang control including a transient droop execution are proposed in many 

research works. The PI controller depends on the idea of synchronous current converter which has been as of late 

proposed into acquire the conduct of a d and q current converter. In a self-governing (islanded) mode where the 

recurrence and voltage are not managed by the matrix, the synchronous current controlled technique for the interface 

VSC is not really the ideal decision. Downsides of this methodology are; a) Purpose of regular coupling between 

momentary genuine and receptive power parts, and b) no inalienable current breaking point ability for the converter 

amid framework shortcomings. 

The two separate subsystems obtain the synchronous current controller and first in this system phase tracking 

encounter difficult, another is not performed accurate and PI controller to be failed. Third one is presence of the weak 

grid. The synchronous current converter is assigned to the park transformation and Clark transformation. For 

synchronous current control, this issue is redundant since it is inalienably a multivariable approach for which the 

point utilized in the Recreation center change can be subjective, that is, no PLL is required with the end goal of 

network edge following. The nonappearance of the PLL hence wipes out conceivable related dangers. 

The power reference outline taking after as: One is the reference frame (dq), second is stationary reference 

frame (αβ), and third is characteristic reference frame (abc). Control structures can be browsed direct or nonlinear 

calculations, for example, relative essential (PI), corresponding full (PR), vector control, hysteresis control, and so 

on. The simpler usage of direct control calculations utilized as a part of synchronous or stationary reference outlines 

have brought about their relative frame contrasted with nonlinear methodologies. In this three referenced casing is 

changed over to two reference outline in this dc variable. These dc amounts can be managed by utilizing straight 

forward and direct PI controllers. Although great execution in controlling dc factors, PI controllers have the 

outstanding disadvantage of a nonzero enduring state blunder; moreover they neglect to work well in the event of 

load changes and high entrance of DGs in micro grids.  

 

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 1: February 2017 www.jchps.com                                                                               Page 313 

Design Process and Proposed Controller Topology: 
System Modeling: In this multivariable synchronous current controller is mainly used reactance and resistance 

through this low voltage and low power, either high or medium voltage and power possible in inductive parameter 

due to MGs. Table 1 views the impedance characteristics compared in voltage, reactance and resistance. 

In this impedance attributes change to be wide as indicated by voltage abundance and edge recurrence. The edge 

values relationship amongst P and Q is explained to; 

Q= -
RP

X
+

E2−EVcosδ

X
                                                                                     (1) 

Table.1. Impedance characteristics in 60 HZ 

Cable size Voltage level Ac resistance (Ω/km) Reactance (Ω/km) 

40 (mm2) 600-1000 V 0.494 0.106 

15 kV 0.494 0.160 

185 (mm2) 600-1000 V 0.130 0.097 

15 kV 0.130 0.140 

240 (mm2)  600-1000 V 0.099 0.095 

15 kV 0.099 0.130 

400 (mm2) 600-1000 V 0.065 0.093 

15 kV 0.065 0.120 

The islanding mode shared power for distribution units is P−ω and Q−E droop control to frequency and 

voltage should be offsets. Whenever various frequency and droop voltage versus real and reactive power, it is 

possible as d axis and q axis current controller. The real power is propositional to id and reactive power is 

propositional to iq.  

To obtain angle frequency and droop voltage is given by 

id=id
∗ − m⍵ − dδ                                                                                               (2) 

E=E0 − n(iq − id−set)          (3.a) 

or equivalently 

iq = iq
∗ −

1

n
E, iq

∗ = iq−set +
1

n
E0              (3.b) 

  The maintain droop controller applied by synchronous converters, it is load angle does not depending as 

frequency change. Main disadvantages for high power application. The synchronous current controller is used in 

loop shaping technique including as pulse width modulation. In this electrical system input used to angle frequency 

and load angle. Consider as following linearized input and output form: 

[
Δid

Δiq
] = [

Gidδ GidE
Giqδ GiqE] [

Δδ
ΔE

]         (4) 

In this transfer matrix is used in jacobian matrix. Whenever the power circuit used in maintain for this no 

common coupling. To governing equation for state space equation is; 

L
di

dt
= E − V − Ri − j⍵Li         (5) 

 
Figure.1. simple diagram for input and output form 

In this equation controller outline as; 

L
did

dt
= Ecosδ − V − Rid + ⍵0Liq        (6) 

L
diq

dt
= Esinδ − Rid + ⍵0Lid         (7) 

Linearization of (6) and (7) yield 

L
dΔid

dt
= E0sinδ0Δδ + cosδ0ΔE − RΔid + ⍵0LΔiq       (8) 

L
dΔiq

dt
= E0cosδ0Δδ + sinδ0ΔE − Δiq + ⍵0LΔid       (9) 

By the Laplace transform applying to this some transfer function equations of Δidversus Δδand ΔE, and 

Δiqversus Δδand ΔE are obtained as follows: 

 Δid=E0 
⍵0Lcosδ0 −sinδ0(Ls+R)

(Ls+R)2+(⍵0L)2  Δδ +  
⍵0Lsinδ0 −cosδ0(Ls+R)

(Ls+R)2+(⍵0L)2 ΔE    (10) 

Δiq=E0 
⍵0Lsinδ0 −cosδ0(Ls+R)

(Ls+R)2+(⍵0L)2  Δδ +
−⍵0Lcosδ0 −cosδ0(Ls+R)

(Ls+R)2+(⍵0L)2 ΔE     (11) 

Therefore, the transfer function Giqδ, GiqE, Gidδ, and GidE are obtain by (10) and (11). 
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By this paper idea multivariable synchronous current controller is created. In the acknowledgment of 

multivariable synchronous current control,id and iq are direct through the edge recurrence and voltage sufficiency 

droop controller K(s); 

 K(s)=[
K11(s) K12(s)
K21(s) K22(s)

]            (12) 

The main concept in this mutual terms K12 and K21is to realize superior decoupled d axis and q-axis 

performance in weak MGs whereas K11is dependable due to producing multivariable synchronous currents and 

damping, first is consider as d axis current parameter in grid connected modes. Selecting equation (8) and (9), 

controller system is expressed by; 

(
dΔid/dt
dΔiq/dt

)=A(
Δid

Δiq
)+B(

Δδ
ΔE

)           (13) 

Where, 

A=(
−R/L +⍵0

−⍵0 −R/L
), B=(

−E0sinδ0 cosδ0

E0cosδ0 sinδ0
).         (14) 

By applying the Laplace transform, the output transfer function is deduced by  

 G(s)=(sI − A)−1B.            (15) 

The open loop transfer function modified by overall shape 

K(s)G(s) =(

−Kp

s2+2ξ⍵ns+⍵n
2 0

0
−Kq

s+⍵q

)          (16) 

 The interconnection for input and output form, are equal to zero for decoupling d axis and q axis controller. 

At whatever point the (16) condition current criticism sign are expected to positive qualities. In this case, idis 

controllable for angle frequency and iqis precious for amplitude of voltage. Substitute G(S) from (15) for state space 

controller.  

K(s)=(

−Kp

s2+2£⍵ns+⍵n
2 0

0
−Kq

s+⍵q

) B−1(sI−A).        (17) 

Applying A and B from (14) in (17) results in 

K(s)=(

−Kp(a11s+b11)

s2+2£⍵ns+⍵n
2

−Kp(a12s+b12)

s2+2£⍵ns+⍵n
2

−Kq(a21s+b21)

s+⍵q

−Kq(a22s+b22)

s+⍵q

)         (18) 

Where, 

a11=-sin
δ0

E0 
(a), 

b11 = (−
Rsinδ0

LE0
) + cosδ0⍵0/E0(b), 

a21=-cos
δ0

E0 
(c),  

 b21 = (
Rcosδ0

LE0
) + sinδ0⍵0/E0(d), 

a12 = cosδ0(e),  

 b22 = (
Rcosδ0

L
) + sinδ0⍵0 (f), 

 a12 = sinδ0(g),  

b22 = (
Rsinδ0

L
) − cosδ0⍵0(h)          (19) 

Direct-Axis Current Control: The future organizer and essential organizer ought to be acknowledgment. The 

multivariable d axis and q axis current controller to be decoupled. In this first technique, this is utilized to point 

recurrence. In this second strategy, this is utilized to voltage adequacy control. In this controller received by low pass 

channel. The point controller is keeping up the three fell. The load-point controller has three cascaded control. To 

decide current reference circles, recurrence, point, and voltage sufficiency, for example, produced to VSC because 

of reference current. Another imperative for stage secured circle this customary vector controls, however this strategy 

no compelling reason to PLL. To decide for abc structure to the dq structure, the voltage and edge is required. To get 

yield voltage and edge effectively utilized for the dq change calculated as 
 Δδ1

Δid
=

−Kp

s2+KpKdKfs+KpKd
          (20) 

In this equation for dynamic an SG 

J
d2Δδ

dt2 + Km
dΔδ

dt
+ KsΔδ = P           (21) 
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Where Ksand Kmare synchronizing constant and damping constants correspondingly, and Kp∝1/J,KfKd∝Km, 

and Kd∝Ks. 

  
Figure.2. Acknowledgment of synchronous current converter topologies (a) Comprehensive multivariable 

controller with common terms (b) Fundamental center controller 

The frequency deviation written by d-axis current deviation as in below 
Δidref

Δ⍵
= − (Kd

1

Tis
+ 1) , Ti

1

Kf
           (22) 

 The phase margin criterion also known as integral time constant (Ti) are designed. 

 Where ⍵n=√KPKdand ξ = 0.5Kf√KPKd. In this d axis preset value should be VSC generate for grid-connected 

mode. To be evaluated for synchronizing current and damping current as below, 

Damping current = −KfKdΔ⍵          (23) 

Synchronizing current = −Kd Δδ         (24) 

In this synchronizes itself with the framework. The d axis current imparting of propositional to the real 

power. Since noticed that the contribution of integrator enduring state mistake ought to be zero in this manner 

id = id−set + KfKd(⍵set − ⍵⍵)Kdδ1 

=i∗
d−set − KfKd⍵ − Kdδ1           (25) 

Where i∗
d−set = id−set + KfKd⍵ref. 

Given a Kp, the control parameterKff is determined as 

 Kff =
a11

b11
            (26) 

 After obtained for this parameter first method control. The mutual decoupled to the d axis current 

corresponding as (18) is automatically realized. Similar to combine with (28) equation should be used. 

 To improve transient performance is used to feed forward term such as inclusive d axis current no need for frequency. 

The mutual term and controller as functions both  

id and iq 

Quadrature-Axis Current Control: The second method control is committed based upon the voltage amplitude as 

a function of q-axis currentiq. The transfer function of ΔE1 versus Δiqis obtained as 
ΔE1

Δiq
=

−Kq

s+⍵q
, ⍵q = Kq           (27) 

 In this q axis loop is similar to d axis loop for this time constant and transient response adjusted byi⍵q, which is 

both control constants to the product  Kq and Kv.the instead state conditions, should be shown, the input of integrator 

equal to zero. 

 iq = Kv(Eset − E)           (28) 

and consequently 

E1 = E0
1 − niq, E0

1 = KvEset and n =
1

Kv
.        (29) 

To be calculated maximum allowable voltage drop  

Kv =
Δiq−max

ΔEmax
.            (30) 

After determining Kv, the size of Kq is designed by a attractive bandwidth (i⍵q) using (27). 

Along with the integrator gain Kq, there is a feed-forward term Kqp, which can be obtained as 

Kqp =
a22

b22
Kq.             (31)  

Furthermore, the shared term −Kq
a21s+b21

s
+ ⍵qis specifically ascertained by knowing ⍵qand the 

parameters of the physical channel and line. The displaying of the initial segment, to outline for feeble MGs of 

multivariable controller. In this controller ignored for capacitor and inductance because of yield channel. Typically 

VSCs, for example, dispensed with in this channel for high power application. The d axis controller is like the q axis 

controller for this time constants and synchronizing constants. At whatever point the controller is disregarded for this 

channel ought to fundamental advantages. Generally the channel is goes about as exchanging consonant and damping 

happens. 
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Figure.3. Proposed simulation diagram 

The SISO controller is easily performed for either d axis or q axis current. Be that as it may, multivariable 

hang controller both of the d axis and q axis currents. In this controller is substantial application ought to be utilized. 

2. SIMULATION RESULTS 

 
Figure.4. Complete model of proposed system 

The simulation results act verify the performance should be clear and conducted by MATLAB/SIMULINK 

software in fig.4. The complete model of proposed system should be simulated. The voltage source converter 

connected to load. In between connected to this controller acts as PI controller. Whenever the two distribution 

generation units connected in this control strategy for this multivariable current controller in proposed as [10]. The 

static and dynamic performance for grid connected MG system. The PI controller is acts as two forms. One is an abc 

frame and another one is dq frame.  

In this microgrid is possible to grid connected mode and islanding mode. In this grid connected mode is used 

in this simulation results. In this advantages of power synchronization control should be flexibility. The constant 

power control is possible of voltage source converter. The grid connected mode for this high ac system with constant 

frequency. Fig. 4 shows the simulation results for this line connection in 40 mA. 

High Power Applications: The powerful applications offer in this most extreme accessible power exchange limit 

of the two voltage source converters, in this set purpose of dq axis current controller utilized as a part of DG units. 

DG 1 d axis currents (idset) restrain from.4 to 1A at t = 0.5 s and at t = 1 s it is outline to .01 A. 

  
5(a). synchronous control strategy for d axis 

current controller DG 1 unit 

5(b). synchronous control strategy for q axis 

current controller DG 1 unit 

  
5(c). synchronous control strategy for d axis 

current controller DG 1 2 unit 

5(d). synchronous control strategy for q axis 

current controller DG 2 unit 

Figure.5. Simulation results for high power applications 
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The set-point DG 1 d axis currents (idset) limit from -0.05 to 0.2 A at t = 0 s and at t = 0.01 s it is summary 

to .01 A. For this equivalent the waveforms d axis and q axis current controller acts as DG units are shown in Fig. 4. 

The multivariable controller is consists of decoupled dq axis waveforms. DG 2 q axis current (iqset) of both units 

are increased from 0.1 to 0.8A at t = 0 s and at t =0.1 s it is reduced to .01 A. The set-point DG 2 q axis currents 

(idset) of from -0.02 to 0.8 A at t = 0 s and at t = 0.01 s it is compact to .01.  

Fault occur in DG units: The error occurs at connecting track 2 ofDG2 unitsont = 0s, besideslater 0.02 s the track 

is disconnected from the microgrid action to the break due to the line should be both ends. Such as for this fault 

cleared less than 0.05s. This paper is mostly fault occur in this three phase faults 

  
6(a). Fault occur in current controller DG 1 unit 6(a). Fault occur in current controller DG 2 unit 

Figure.6. Error occurs complete competence of the controller in Instantaneous current 

The controller keeps up to the fault happen through capacity of the single stage issues. Fig.6, appears in these 

waveforms of direct axis current and quadrature axis current for these DG units. At whatever point the present 

waveforms forced cutoff the perceived esteem for this present loads. In this present adequacy disengaging of line 

2.The separating line do not working and these shortcomings happen, it is, for example, extraordinary focuses ought 

to be noted. The DG 1 units I power ought to two fold and happen in this over current. In this present waveforms 

ought to be balance of settling focuses inside 0.04s. 

4. CONCLUSION 

A synchronous current converter topology for grid-connected MGs, via the impression of d axis and q axis 

current controller, was obtained in this paper. The controller provides a control strategy for grid-connected mode of 

MGs. This paper has successfully demonstrated the design, current controller, and simulation of a PI controller 

technique approach for the d axis and q axis synchronous current controller. Synchronous phase angle and frequency 

are needed for Park transformation in PWM. Voltage-source PWM rectifier with synchronous control strategy 

performs better in the accuracy of a model should be increased, and more exact model should be built. 

REFERENCES 

Ashabani S M and Mohamed Y.A.R.I, General interface for power management of micro grids using cooperative 

droop control, IEEE Trans. Power Syst, 28 (3), 2013, 2929-2941. 

Ashabani SM and Mohamed Y.A.R.I, A flexible control strategy for grid connected and islanded micro grids with 

enhanced stability using nonlinear micro grid stabilizer, IEEE Trans, Smart Grid, 3 (3), 2012, 1291-1301. 

Beccuti G, Popafotiou G, and Harnefors L, Multivariable optimal control of HVDC transmission links with network 

parameter estimation for weak grids, IEEE Control Syst. Technol, 22 (2), 2014, 679-689. 

Gouthaman J, Bharathwajanprabhu R, Srikanth A, Automated urban drinking water supply control and water theft 

identification system, Students Technology Symposium (Tech Sym), IEEE, 2011, 87-91. 

Hatziargyriou N, Asano H, Iravani R and Marnay C, Microgrids, IEEE Power Energy mag, 5 (4), 2007, 78-94.  

Karimi H, Davison E.J and Iravani R, Multivariable servomechanism controller for autonomous operation of a 

distributed generation unit, Design and performance evaluation, IEEE Trans. Power Syst, 25 (2), 2010, 853-865. 

Karthikeyan R, Chenthur Pandian S, A Novel 3-D Space Vector Modulation Algorithm for Cascaded Multilevel 

Inverter, International Review of Electrical Engineering, 6 (7), 2011. 

Karthikeyan R, Chenthur Pandian S, Generalized space vector PWM algorithm for minimizing THD in hybrid 

multilevel inverters, International Review of Electrical Engineering, 6 (5), 2011, 2094-2099. 

Karthikeyan R, Pandian SC, An efficient multilevel inverter system for reducing THD with Space Vector 

Modulation, International Journal of Computer Applications, 23 (2), 2011, 975-8887. 

Katirai F and Iravani M.R, Power management strategies for a microgrid with multiple distributed generation units, 

IEEE Trans. Power Syst, 21 (4), 2006, 1821-1831. 

http://www.jchps.com/


Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 1: February 2017 www.jchps.com                                                                               Page 318 

Mahdi Ashabani, Yasser Mohamed A.R.I, Mojtaba Mirsalim, and Mohammad Aghashabani, Multivariable Droop 

Control of Synchronous Current Converters in Weak Grids/Microgrids With Decoupled dq-Axes Currents, IEEE 

transactions on smart grid, 6 (4), 2015, 1610-1620. 

Majumder R, Improvement of stability and load sharing in an autonomous microgrid using supplementary droop 

control loop, IEEE Trans, Power Syst, 25 (2), 2010, 796-808. 

Mohamed YA and E1-Saadany E.F, Adaptive decentralized droop controller to preserve power sharing stability of 

paralleled inverters in distributed generation microgrids, IEEE Trans, Power Electon, 23 (6), 2008, 2806-2816. 

Sundararaju K, Nirmal Kumar A, Cascaded and Feed forwarded Control of Multilevel Converter Based STATCOM 

for Power System Compensation, International Review on Modelling and Simulations, 5 (2), 2012, 609-615. 

Sundararaju K, Nirmal Kumar A, Control analysis of STATCOM with enhanced methods for compensation of load 

variation, European Journal of Scientific Research, 53 (4), 2011, 590-597. 

Sundararaju K, Nirmal Kumar A, Jeeva S, Nandhakumar A, Performance Analysis And Location Identification of 

STATCOM On IEEE-14 Bus System Using Power Flow Analysis, Journal of Theoretical & Applied Information 

Technology, 60 (2), 2014, 365-371. 

Sundararaju K, Nirmal Kumar A, Nandha Kumar A, Jeeva S, Performance analysis of STATCOM in real time power 

system, International Conference on Advances in Electrical Engineering (ICAEE), 2014, 1-4. 

Sundararaju K, Preetha Sukumar, Improvement of Power Quality Using PQ Theory Based Series Hybrid Active 

Power Filter, International Journal of Communication and Computer Technologies, 4 (2), 2016, 4007-4011. 

Sundararaju K, Senthilkumar R, Yuvaraj M, Design of A Fuzzy Based Multi-Stack Voltage Equalizer for Partially 

Shaded PV Modules, Journal of Chemical and Pharmaceutical Sciences, Special issue 8, 2016, 52-57. 

Uma J, A Hybrid Compensation Controller for Sensorless Switched Reluctance Motor Drive, Journal of Chemical 

and Pharmaceutical Science, Special issue 8, 2016, 67 -73. 

Uma J, Jeevanandham A, Conventional Controller Design for Switched Reluctance Motor Drives, International 

Journal of Computer Applications, 134 (7), 2016, 38-42. 

Uma J, Jeevanandham A, Investigations of Fuzzy Logic Controller for Sensorless Switched Reluctance Motor Drive, 

IOSR Journal of Electrical and Electronics Engineering (IOSR-JEEE), 11 (1), 2016, 30-35. 

Uma J, Jeevanandham A, Sensorless Control in Switched Reluctance Motor Drives for four quadrant operation, 

Automation, Computing, Communication, Control and Compressed Sensing (iMac4s), International Multi-

Conference, 2013, 420-424. 

Yao W, Chen M, Guerrero J.M and Qian Z.M, Design and analysis of the droop control method for parallel inverters 

considering the impact of the complex impedence on the power sharing, IEEE Trans. Ind. Electron, 58 (2), 2011, 

576-588. 

Zhang L, Harnefors L and Nee H.P, Analysis of stability limitations of a VSC-HVDC link using power 

synchronization control, IEEE Trans. Power Syst, 26 (3), 2011, 1326-1336. 

Zhang L, Harnefors L and Nee H.P, Interconnection of two very weak AC systems by VSC-HVDC links using power 

synchronization control, IEEE Trans. Power Syst, 26 (3), 2011, 3454-3556. 

Zhang L, Harnefors L and Nee H.P, Modelling and control of VSC-HVDC links connected to island systems, IEEE 

Trans. Power Syst, 26 (3), 2011, 783-793. 

  

 

 

 

 

 

http://www.jchps.com/

