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Abstract – This paper proposes an analytical framework to design an inverter output impedance in microgrid 

applications to meet the requirements of proportional load sharing and low total harmonic distortion in the output 

voltage. In the proposed work, an integral controller is designed in order to make the overall impedance of an inverter 

to be capacitive in nature. The optimum design of overall capacitive impedance at the harmonic frequencies ensures 

low THD levels in the output voltage without affecting proportional load sharing, which is determined by an inverter 

impedance at fundamental frequency component. The output impedance design decouples to meet different 

requirements at the same time. The focus is also laid on inherent limitations of conventional droop control of inverters 

and its remedial measures through bolting regulator on its control loop. A multilevel VRI topology is proposed and its 

parameters/coefficients are optimized. Small signal stability analysis is performed to ensure steady state stable 

operation. The load voltage THD is evaluated through FFT tool for parallelly operated C inverters feeding a nonlinear 

load to prove the effectiveness of the proposed design through time domain simulations. 

 

Keywords— Power Sharing, Power Quality, Stability, Total Harmonic Distortion. 
 

 1. INTRODUCTION 

When an idea of the microgrid emerged first near around 

2000, it was suggested as a way to integrate renewable 

energy sources. These energy sources are subjected to 

volatility and intermittentness, and their availability is not 

constant. Consequently, their inability to be connected in 

significant quantities gave rise to the concept of the 

microgrid. However, because of their ability to regenerate 

themselves over time and the deterioration and depletion 

of the global environment and energy supply, renewable 

energy resources have drawn a lot of attention recently. 

Power system engineers require the integration of 

distributed energy resources based on renewable energy 

to meet the goals of a carbon-free, affordable, and reliable 

supply[1-3]. Power electronic-based converters are used 

to interface the majority of these resources with the utility 

grid and/or local load. The quality of load voltage, 

delivered by an inverter may depend on number of 

factors. Possibly, one of them is output impedance that 

has a significant impact on quality of the output voltage. 

The overall harmonic distortion of the output voltage 

varies depending on whether an inverter is configured 

with an inductive or resistive output impedance. Apart 

from this, an accurate load sharing is also required in 

conjunction with this power quality feature, and it is too 

governed by an inverter output impedance.  

An islanded mode of operation in the microgrid is a 

challenging task as it itself is responsible for managing 

nominal system voltage and frequency. Under this mode 

of operation, output impedances of parallel connected 

multiple inverters play a crucial role in sharing active as 

well as reactive power to the load. Any mismatches in the 
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output impedances of inverters cause different operating 

conditions at the point of common load and consequently 

affect the power sharing to the local load. This will lead 

to mismatches in harmonic current sharing and 

fundamental current component and ultimately reactive 

power. The management of inverter output impedance 

could be a solution for the above mentioned problem. In 

literature, this issue has been addressed widely and solved 

by introducing virtual impedance in the control loop. The 

objective of adding virtual impedance is to make per unit 

output impedance of each inverter equal[4-7]. The nature 

of the output impedance may be resistive, inductive, 

resistive-inductive and resistive-capacitive and it should 

be carefully selected while applying it. Normalizing the 

output impedances of multiple inverters will not work as 

line impedances may also have different values.  

Droop controllers allow power inverters to 

exchange reactive and active power with grid and/or load. 

However, the intrinsic drawbacks of the typical droop 

controller include erroneous power sharing as a result of 

noise, disturbances, numerical computations, 

mismatched components, etc [8-12].  

Parallel functioning of inverters becomes crucial 

when it comes to the availability of high current power 

electronic equipment, system redundancy, the reliability 

required by crucial customers, etc. As a result, it is 

important to properly handle the problem of distributing 

the load across inverters operating in parallel. Through 

parallel operation, the problems with thermal 

management and high power in inverters are meant to be 

resolved[13-14]. 

Researchers have previously examined and used the 

mechanism of droop control to regulate both active and 
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reactive power, as well as how it affects frequency and 

voltage. The negligible inertia of renewable energy 

sources, however, calls for greater attention to inverter 

control. Researchers pertaining to this area have 

conducted a thorough investigation of this field in the 

recent past. In hierarchical control structure, the droop 

technique is typically employed to enable the concurrent 

operation of several voltage source inverters sharing 

loads and confirming power quality standards. By 

making control over voltage amplitude and frequency, the 

primary layer adds virtual inertia, which replicates the 

inertial characteristics of traditional power systems and 

guarantees accurate power distribution among the 

inverters. The second layer of control corrects frequency 

and the voltage amplitude variations brought on by the 

droop equations [15-21].To reduce the inherent temporal 

gap between primary and secondary control, a new data-

driven distributed control structure for voltage/frequency 

regulation & reactive/active power sharing of isolated 

microgrids is proposed in [22]. This structure uses a 

droop-free paradigm. [23] focuses on a way to use 

regulators in place of secondary control and primary 

droop control. In [24], a method for enhancing the quality 

of load voltage in droop-controlled islanded microgrids 

using appropriately tuned inner controllers is proposed. 

Adding a virtual impedance loop instead of an inner 

controllers has also been demonstrated to further reduce 

distortion at the PCC of the local load. 

1.1 Objectives  

Keeping in view the research work described above, the 

following objectives are achieved in this paper:  

i. To describe the mechanism behind deterioration 

of load voltage and its dependency on inverter 

output impedance. 

ii. To design capacitance in C type inverter through 

analytical approach fulfilling the requirements of 

proportional load sharing and low THD in load 

voltage.  

iii. To introduce VRI topology for different levels 

and procedure to optimize its coefficients.  

Section 2nd describes the deterioration mechanism of 

the output voltage of a single phase inverter. Parameter of 

C type single phase inverter is designed in the section 3rd. 

VRI topology is proposed in the section 4th followed by 

result and discussion in the section 5th. At last, paper is 

concluded in the section 6th. 

2. DETERIORATION MECHANISM OF 

VOLTAGE 

The output voltage of an inverter shown in Figure.1 is 

given as [5]- 

              Vo = Vr - i Zo(s)                                                          (1)  

The current i contains harmonics due to the presence 

of nonlinear load or/and the PWM phenomena in the 

inverter thus causing harmonic voltage drop in an 

impedance, Zo. Components of harmonic voltage 

appearing in the output voltage will degrade the output 

voltage and induces total harmonic distortion. THD may 

also appear in the output voltage due to harmonic 

components in the voltage reference Vr . 

2.1  Impact of 𝒁𝒐 

The inverter current i and its harmonic components can 

be written as [7] – 

      i = √2 ∑ Ih
∞
h=1  sin (hωt + Φh)                                (2)  

The fundamental component of v𝑜 is- 

       𝑣1= Vr − ǀ Zo(jω)ǀ√2 I1 sin (ωt +  Φ1 + θ)           (3)  

 

 

                                                                                    

 

 

 

 

 

 

Fig. 1. Inverter model. 

 

Where Vr, reference voltage is 

                          Vr = √2 E sin (ωt + δ)                        (4) 

therefore,      𝑣1 = √2 V1 sin (ωt + βo)                         (5)  

Where 

 V1 = 

√(E2 + I1
2 ǀZo(jω)| 2 –  2 E I1ǀZo(jω)ǀ cos (Φ1  +  θ –  δ))     

                                                                                      (6)  

 and       βo =  tan−1( 
I1 ׀Zo(jω)ǀ sin(Φ1 + θ – δ)

 I1 ǀZo(jω)ǀ cos(Φ1 + θ – δ)−E
 )          (7)  

Now the output voltage harmonic components would be- 

             𝑣ℎ = vhmaxsin (hωt +Φh+∠Zo(jhω))              (8)  

Where vhmax =  √2 ∑ Ih
∞
h=2     Zo(jhω)ǀ׀

From (8), it is seen that 𝑣ℎ depends upon harmonic 

current components and Zo (at harmonic frequency 

components). Through this analysis, it is evident that 𝑣ℎ 

is not affected by 𝑣1 and this feature can be used to design 

the impedance for different purposes. For a selected value 

of capacitance, the Zo at harmonic frequencies can be 

reduced in order to improve THD of load voltage as 

described in (9). On the other hand objective of 

proportional load sharing is governed by fundamental 

component of an inverter output impedance [5-7]. 

                   THD = 
√∑ Zo(jhω)ǀ 2 Ih׀

2∞
h=2

V1
                            (9) 

3. DESIGN OF C INVERTERS 

Single phase inverter circuit shown in Figure.2 is under 

consideration for designing the capacitive output 

impedance. An inverter is connected to the AC bus 

through a switch where load is assumed to be connected.  

The current i through inductor can be passed 

through an integrator block to make the output impedance 

S = P+jQ

i

δE

Zo

Vo 0
o

θ

(vr) (vo)
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to be capacitive. This is shown as a closed loop system in 

Figure.3 [5,6]. 

The following two equations are deduced from 

Figure.2 and Figure.3 and written as- 

         u =   𝐯𝐫 - 
𝟏

𝐬𝐂𝐎
 i    and    uf = sLi + vo                  (10) 

Equating u and uf in (10) yields-    

 
Fig. 2. Physical implementation of single phase inverter. 

Fig. 3. Controller for achieving capacitive output 

impedance. 

 

                    vo = vr – i Zo (s)                                     (11)  

Where  Zo(s) =  
1

sCo
 + sL 

     Zo(s)  ≈  
1

sCo
   (if capacitor Co is chosen small 

enough)  

3.1 Analytical Design Process 

As stated earlier, the distortion (THD) of the voltage is 

governed by inverter Zo at harmonic frequencies. The 

procedure of designing Co or integrator constant is given 

below [7,8]. 

       ǀZo(jhω∗)ǀ2  = (hω∗L  − 
1

hω∗Co
)2                       (13) 

h and ω∗ are harmonic order and fundamental frequency 

respectively. L being the filter inductance, minimization 

of the following expression ensures improved THD for a 

particular virtual capacitor Co. 

              
min
Co

  ∑ I1h
2∞

h=2  Zo(jhω∗)ǀ 2                            (14)׀ 

Where 𝑖 = 
Ih

I1
 , hth order normalized harmonic current with 

respect to fundamental current. Differentiating (14) with 

respect to Co and equating to zero yields the optimum 

capacitance. The optimal capacitance  

               Co= 
1

(ω∗)2

1

L
 

∑
𝑖1h
2

h2
N
h=2

∑ 𝑖1h
2N

h=2

                                        (15)  

It is applicable to any a priori estimated harmonic 

distribution of current. Where i1h is the normalized hth  

harmonic current. 

            f(Co) = (Lω∗)2 ∑ 𝑖1h
2N

h=2  (h – 
1

h

∑ 𝑖1h
2N

h=2

∑
𝑖1h
2

h2
N
h=2

)2        (16) 

It is evident from the above equation that THD is 

proportional to an inductance L. A small inductance, L 

not only reduces the inductor size and cost but it also 

enables small integrator gain (L ~ 
1

𝐶𝑜
) to ensure the stable 

current loop. 

Assuming odd harmonics (h = 3,5,7…) that are 

equally distributed, (15) will have the form- 

                  Co =  
1

(ω∗)2

1

L
 
∑     

1

h2
N
h=3,5,7…..N

∑ 1N
h=3,5,7……N

                       (17)  

Assuming the 3rd and 5th harmonic components, the 

optimal capacitance in (17) is given by- 

                       Co = 
17

225 (ω∗)2L
                                      (18)  

3.2 Proportional Load Sharing 

Besides low THD in the output voltage, the load sharing 

proportional to the power rating of inverters is to be 

carried out but the conditions for accomplishing this 

objective are not met in practicality. Therefore the idea of 

robust droop controller arises. In this section, the 

conditions of proportional load sharing for conventional 

droop controllers are derived first and then robust droop 

control is introduced. Figure.4 shows two inverters with 

capacitive output impedances connected in parallel. 

Feeder impedances are neglected and inverter output 

impedance dominates between inverter and the AC bus. 

In another Figure.5, single inverter is shown supplying 

power to another voltage source [7-12]. 

  P =  ( 
𝐄𝐕𝐨

𝐙𝐨
 cos(δ) - 

𝐕𝐨
𝟐

𝐙𝐨
) cos(θ)  + 

𝐄𝐕𝐨

𝐙𝐨
 sin(δ) sin(θ)     (19)  

  Q =  ( 
𝐄𝐕𝐨

𝐙𝐨
 cos(δ) - 

𝐕𝐨
𝟐

𝐙𝐨
) sin(θ)  - 

𝐄𝐕𝐨

𝐙𝐨
 sin(δ) cos(θ) 

For capacitive output, θ = -90o 

                        P = -
𝐄𝐕𝐨

𝐙𝐨
 sin(δ)                                     (20)  

                           Q = - 
𝐄𝐕𝐨

𝐙𝐨
 cos(δ) + 

𝐕𝐨
𝟐

𝐙𝐨
                        (21)  

For very small angle δ,  P~ -δ  &  Q ~ -E     

 

Fig. 4. C inverters operated in parallel. 

1/(sCo)
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Fig. 5. Power delivered to voltage source. 

Therefore conventional droop control scheme has 

the form and shown in Figure.6 [11-12]. 

     Ei = E∗  +  ni Qi  

ωi = ω∗  +  mi Pi 
(22) 

3.3 Reactive Power Sharing 

 

Fig. 6. Droop Control Strategy for C Inverter. 

The expressions of reactive power for i (i = 1,2..) 

inverters are written as- 

Qi = 
−E∗cosδi+Vo

ni cosδi+
Zoi
Vo

   (23) 

Substituting (23) into (22), the voltage amplitude 

deviation between two inverters is given by (24)-  

ΔE = E2 - E1 =  
−E∗cosδ1+V𝑜

cosδ1+
Zo1

n1 Vo

 - 
−E∗cosδ2+Vo

cosδ2+
Zo2

n2 Vo

    (24) 

Voltage deviation between two units lead to 

considerable error in power sharing. Therefore in order 

for n1Q1 = n2Q2 to hold, voltage deviation should be 

zero. However, in practicality ,this condition is not 

obeyed. It is satisfied if 

n1

  Z01
 =  

n2

Z02
   and δ1 = δ2  (25) 

Therefore in order to achieve accurate reactive 

power sharing, capacitive output impedance should be 

designed to satisfy- 

Z02

Z01
 = 

n2

n1
 = 

S1

S2
  (26) 

 Z02S2

(𝐸∗)2  =  
 Z01S1

(𝐸∗)2  …… 
 Z0nSn

(𝐸∗)2    (27) 

Where 𝑆1, 𝑆2….𝑆𝑛 are inverter ratings respectively. From 

(27), it is evident that for achieving accurate reactive 

power sharing, the p.u output impedances of inverters 

should be same and this is the foundation of the approach 

known as virtual impedance. However it is difficult to get 

this in real scenario[7]. In the same way it can be shown 

that real power sharing can be ensured under the 

condition of  
Z02

Z01
 = 

m2

m1
. 

3.4 Robust Droop Control 

The inherent problems of conventional droop control can 

be resolved by robust droop control through bolting a 

regulator onto its control loop as shown in Figure.7. 

niQi + Ke (E∗ - Vo) = 0  (28) 

If Ke is same for all inverters, the accurate reactive 

power sharing is guaranteed in proportion to the power 

rating of the inverters. At the steady state, input to the 

integrator is zero. 

Therefore, 

niQi = constant (29) 

The output voltage is given by 

Vo = E∗ + 
ni

Ke
 Qi = E∗ + 

niQi

E∗ Ke
 E∗ (30) 

The output voltage can be maintained within a 

desired range by choosing large Ke thus achieving good 

voltage regulation [5-7]. 

4. VIRTUAL RESONANT IMPEDANCE 

TOPOLOGY 

It has been shown earlier in section 2.1 that load voltage 

THD reduces significantly if Zo of inverter is capacitive 

in nature. To further develop C inverter, the virtual 

resonant impedance is achieved as a control strategy to 

improve the load voltage quality. 

1/s

E
*

+

Pi

Qi

vo

i

ω*

Ei

ωit + δi

ni

mi

Power 

Calculation

Vri

Reference 

Generation

1/s

-Ke

RMS

+

 

Fig. 7. Robust droop control. 

Its foundation is a resonant impedance topology, 

shown in Figure.8, with capacitors and inductors, whose 

magnitude approaches zero at various frequencies. The 

suggested control approach incorporates the feedback of 

the inductor current through a transfer function. The VRI 

or transfer function coefficients are chosen and optimized 

to simultaneously lower load voltage harmonics of 

various orders, that minimize THD [7-12]. 

 
Table 1. Fundamental o/p Impedance at different levels. 

VRI Level 
Output impedance and its nature 

at s = jω 

 I      Level               -j5.90 (capacitive) 

II     Level 

III    Level                                                    

IV    Level                           

              -j7.16 ((capacitive) 

              -j8.11 (capacitive) 

              -j9.08 (capacitive) 

S = P+jQ

i

E δ  Vo 0o

Zo θ

(vr) (vo)

Pi* Pi
0

ωi

 ωi = ω* + miPi 

Qi* Qi

 
Ei = E* + niQi

Ei

InductiveCapacitive

E*
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Level 1

Level 2

Level 3

Level n

C1

C2
C3

L3

L2

 
Fig. 8. VRI Topology. 

 

Upon adding level 1 of the VRI, the inverter is 

actually a conventional C-inverter with Zd = 
1

𝑠𝐶1
,  where it 

is possible to design C1 to lower the voltage harmonic 

component of a specific order (3rd in this case) with Zd 

regarded as the virtual impedance. When two particular 

order (3rd and 5th) of harmonics are concerned, the virtual 

impedance can be described in (31) upon adding the 

levels 1 and 2 of the VRI topology. 

Zd = 
𝐶2𝐿2𝑠2+1

𝑠(𝐶1+ 𝐶2+ 𝐶1𝐶2𝐿2𝑠2)
 (31) 

Where C1, C2, L2 are designed to improve voltage 

harmonics at two different order frequencies. Parameters 

of VRI can also be designed for n level in general. 

4.1 Design of Three Level VRI 

Three designated order harmonics might be addressed 

when the levels one, two and three of the VRI are added. 

If h1, h2 and h3 order harmonic components are 

concerned, according to (33) , the numerator of the 

inverter’s Zo should be zero at concerned frequencies. 

(see A.4 in APPENDIX A). It is equivalent to- 

(s2 + h1
2ω2)(s2 +  h2

2ω2)(s2 + h3
2ω2)=0 (32) 

Inverter output impedance including the filter 

capacitor is given by (33). 

𝑍𝑜= 
(sL + Zd)

𝑠𝐶(sL + Zd)+1
 (33) 

Zd can be calculated from Figure.8.Therefore, the 

coefficients of three level VRI are computed as- 

C1 = 
ℎ1

2ℎ2
2+ ℎ1

2ℎ3
2+ ℎ2

2ℎ3
2

3𝐿𝜔2ℎ1
2ℎ3

2ℎ2
2 , 

C2 = 
ℎ1

2ℎ2
2+ ℎ1

2ℎ3
2+ ℎ2

2ℎ3
2

3(𝐿+𝐿2)𝜔2ℎ1
2ℎ3

2ℎ2
2 , 

C3 =
ℎ1

2ℎ2
2+ ℎ1

2ℎ3
2+ ℎ2

2ℎ3
2

3(𝐿+𝐿2+𝐿3)𝜔2ℎ1
2ℎ3

2ℎ2
2 (34) 

Where 𝐿2 and 𝐿3 are given by- 

𝐿2 = 
𝐾2−3𝐾1 ±√(𝐾1+ 𝐾2)2−16𝐾1

2(𝐾1−𝐾2+2)
𝐿, 

𝐿3 = 
𝐾1+𝐾2 ±√(𝐾1+ 𝐾2)2−16𝐾1

2(𝐾1−𝐾2+2)
L 

Where; 

C1.L=C2.(L+L2) = C3.(L+L2+L3) = 
ℎ1

2ℎ2
2+ ℎ1

2ℎ3
2+ ℎ2

2ℎ3
2

3𝜔2ℎ1
2ℎ3

2ℎ2
2  

The calculation of the parameters requires values of 

K1 and K2 , and for that Appendix A can be referred. The 

output impedance magnitude and phase diagram of three 

level and four level VRI topology is shown in Figure.9. 

The fundamental frequency output impedance values for 

four levels of VRI topology are shown in Table.1. 

 

 
(i) 

 
(ii) 

Fig. 9. Magnitude and phase diagram of inverter output 

impedance (i) three level (ii) four level VRI topology. 

5. RESULT AND DISCUSSION 

5.1 Small signal stability analysis 

Small signal stability is conducted for one inverter 

participating in parallel operation. Small disturbance 

around phase angle (δ) and inverter RMS voltage (E) is 

considered in linearizing (19). Vo is the RMS output 

voltage across the load [5]. 

ΔP(s) = Vo
(cosδ cosθ+sinδ sinθ)

Zo
ΔE(s)  

  + 
E Vo(−sinδ cosθ+cosδ sinθ)

Zo
Δδ(s)  

(35) 

ΔQ(s) = Vo
(cosδ sinθ−sinδ cosθ)

Z
ΔE(s) − (36) 
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EVo  
(sinδ sinθ+cosδ cosθ)

Zo
Δδ(s) 

Linearizing controller Equations yields- 

Δω(s) = mΔP(s)  & Δω(s) = sΔδ(s) (37) 

Normally both power components (Active & 

Reactive) are measured through low pass filter of the 

form 
𝜔𝑓

𝑠+ 𝜔𝑓
. Considering this point and using (35), (36) 

and (37) a fourth order polynomial is formed in δ to 

investigate the stability (refer Appendix A). It is evident 

from Figure.10 that the proposed strategy is stable for 

output impedance angle ranging from - 
𝜋

2
  to 0 rad.      

 

Fig. 10. Characteristics roots vs inverter output impedance 

angle. 

5.2 C inverter simulation with nonlinear load   

A system of two single phase C inverters operating in 

parallel is used to perform simulation for 9 sec to verify 

the design. Matlab Simulink R2022a software is used to 

carry out simulations on the system with processor AMD 

Ryzen 3 3250U and 8 GB ram. Initially inverter 2 (50 

VA) and Inverter 1 (25VA) are operated in parallel to 

feed a nonlinear load (full bridge rectifier with LC filter, 

L = 150 μH and C = 1000 μF, R = 9Ω). At t = 5sec, 

inverter 2 is disconnected and only inverter 1 remains 

connected to the load. Detail parameters are given in 

Table 2. 

 
Table.2 simulation parameters 

Parameters value Unit 

 F 50 Hz 

 VDC 42 V 

E* 12 V 

fs 7500 Hz 

 L 2.35 mH 

ω* 314 rad/s 

C 22 μF 

Ke 20  

m1 0.14 rad/W 

m2 0.07 rad/W 

n1 2.2 V/var 

n2 1.1 V/var 

 

m (frequency-real power droop coefficient) and n 

(voltage- reactive power droop coefficient) are calculated 

from frequency boost ratio and voltage boost ratio 

respectively. Time domain responses are shown in Fig. 

11. From Fig. 11(a), it is evident that both inverters shares 

power (P) in the ratio of 1:2 ( 
5.289

10.470
 ≈  

1

2
 ) during parallel 

operation. In the same time interval, reactive power (Q) 

also settles in the ratio of 1:2 (
−4.419

−8.650
 ≈  

1

2
). Steady state 

value of frequency is 50.33 Hz. All time domain 

waveforms are shown in Fig. 11 (i)-(viii) with the 

following units. 

Reactive power- Var 

Active power - Watt 

Load voltage - Volt 

Current- Amperes 

 

 
(i)

 
(ii) 

 

 
(iii) 
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(iv) 

 

 
(v) 

 
(vi) 

 

 
(vii) 

 

 
(viii) 

Fig 11 (i) Reactive power distribution vs time (ii) active 

power distribution vs time (iii) load voltage vs time (iv) 

Output current  vs time (v) % THD in load voltage vs time 

(vi) Load voltage(RMS) vs time (vii) THD in load voltage 

when inverter 1 is operational (viii) THD in load voltage 

when both inverters are operational. 

6. CONCLUSION AND FUTURE WORK 

In this paper, an analytical approach is used to design 

integral controller parameter for C inverter in order to 

accomplish the objectives of proportionate power sharing 

among inverters and low total harmonic distortion in the 

output voltage. Inherent problems in the conventional 

droop control and its remedial measures are proposed as 

far as parallel operation of two inverters is concerned. In 

the next step, VRI topology is proposed for capacitive 

inverters with n levels in general to address different 

harmonics order in load voltage. Power sharing ratio of 

two parallel operated inverters is determined for a test 

example through time domain simulation. The procedural 

steps for obtaining optimized parameters for one, two and 

three levels of VRI topology are described. Small signal 

stability for any one inverter participating in the parallel 

operation is performed to ensure the stable operation 

NOMENCLATURE 

THD: Total Harmonic Distortion 

FFT: Fast Fourier Transform 

VRI: Virtual Resonant Impedance 

p.u: per unit 

o/p: output 
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APPENDIX A 

sΔδ(s)= m
ωf

s+ ωf
(Vo

(cosδ cosθ+sinδ sinθ)

Zo
ΔE(s) + 

E Vo(−sinδ cosθ+cosδ sinθ)

Zo
Δδ(s)) 

A.1 

sΔE(s) = 
ωf

s+ ωf
 (nΔQ(s)) A.2 

A polynomial in δ is formed by substituting ΔE(s) in A.1.  

A. s4+B. s3+C. s2+D.s+F=0 A.3 

Where A, B, C, D and F are functions of inverter output 

impedance angle. 

The numerator of Zo is given by- 

Ls2 (C1+C2+C3+ (C1C2L2s2) + (C1C3L2s2) + 

(C1C3L3s2) + (C3C2L3s2) + (C1C2C3L2L3s4)) + 

(C2L2s2) + (C3L2s2) + (C3L3s2) + (C2C3L2L3s4) 

+ 1   

A.4 

K1 and K2 are given by- 

K1 = 
27 h1 

4 h2
4h3

4

h1
2h2

2+ h1
2h3

2+ h2
2h3

2 A.5 

K2 = 
9 h1 

2 h2
2h3

2 (h1
2+ h2

2+ h3
2)

h1
2h2

2+ h1
2h3

2+ h2
2h3

2  A.6 
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