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 A single-phase grid-connected PV inverter performance under a weak grid is 

a model designed to penetrate PV energy with a weak grid. Usually, this 

model gets complex and unstable in power system control such as THD 
growth, harmonic effects, voltage surges, inverter performance. Experimental 

results would present the impacts on the system which would lead to 

instability in the grid system. This study was based on inverter performance 

control, a weak grid control, the grid distortion examination, and harmonic 
effects. To optimize this grid system, hence, the proposed methods of 

oscilloscope and power meter were proportionally used to control the grid 

impacts and stabilities. The results showed that current THD in distorted grid 

voltage system surged to 8.88%. VPCC growth was 238.11 V, equivalent to 
8.23% in a weak grid (XL and R). Such a huge increase could prevent the 

grid system from transferring power for later operation. During the 

experiment, the inverter, S power and Q power performances stood for good 

operating processes without impacts on the grid performance. This method 
should be applied with a weak grid system because it provided information 

about grid stability control. 
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1. INTRODUCTION  

Currently, Cambodia is lacking the electric power for daily needs and industrial operations. The 

Royal Government of Cambodia is encouraging private development partners to invest in renewable 

energies, and allow people to install solar Photovoltaic systems to penetrate the low voltage grid in 2020 [1]. 

Cambodia is the geographically potential country for photovoltaic installations, approximately 5.8 hours per 

day, and average solar irradiation is 5 KWh/m
2 
[2]. Now a PV system can either operate as an off-grid system 

or a grid-connected system [3]. Besides, solar PV could convert direct heats of sunlight into electric energy 

with less maintenance. While renewable energy sources are being utilized, efficient converters and storage 

banks are required to prevent excessive energy consumption. These could also help to preserve energy for 

later use, for example, at night or during winter and rainy season when solar insulations fluctuate [4]. 

Inverters also play a significant role in renewable energy sources for DC to AC power conversion because it 

is capable of synchronizing power to the grid system [5]. Low voltage weak grid distribution systems are 

interfaced with renewable energy distributed generation which comprise useful impacts on power control and 

the operation of the network [6].  

https://creativecommons.org/licenses/by-sa/4.0/
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Furthermore, solar irradiance can deviate its power ratio by numerous natural phenomena such as 

heavy rainfalls and fast-moving clouds in which constant controllable active power flows (S) are incapable of 

managing. This factor proves that low voltage distribution systems cause serious voltage variation (ΔV) [7]. 

The main problems of power interfaces require some supportive technologies and strategies to maintain grid 

balance on sub-synchronous resonance and harmonics which caused more difficulties in controlling such 

issues at device volumes [8]. The impacts of power quality transparency can lead to a weak grid and power 

system distortion [9]. HVDC network connected AC grid in long distance power transmission could 

accurately cause weak power with low effective inertia, low short circuit ratios, and operating distortions of 

the system [10]. As previously stated, weak grid characteristics exhibit a low short circuit current expands the 

sensitivity of voltage as a fault and there is an upper risk of voltage unsteadiness. While a grid system is 

getting weaker and weaker, naturally, there are many resolutions to reduce the various impacts of low system 

strength to concentrate power system control, reactive power (Q) and power transmission strengthening [11]-

[14].  

This study introduces the objectives of weak grid control and a distorted grid voltage for a single-

phase grid penetrated PV inverter. The single-phase grid interfaced with impedance units in series 

connections with voltage 220V and a system frequency 50Hz where penetrated power with full-bridge PV 

inverter (PWM) type at PCC point. As previously stated, this research study was chosen as a single-phase 

full-bridge inverter for the experimental application, and today the PV inverter types branded as three 

significant categories in marked needs including the voltage (VSI), current (CSI), and impedance source 

inverters (ZSI). VSI types are the most extensively used because they naturally behave as voltage sources 

required by many industrial applications [15]. 

 

 

2. THEORETICAL AND TECHNICAL BACKGROUND 

2.1. Inverter power penetrated to a weak grid 

Naturally, appropriate methods of inverter power are synchronized with a single-phase weak grid 

depending on power quality (PQ) controller and an accurate current injection. Afterward, a synchronous 

reference frame is operated as an opened-loop or a closed-loop controller while the synchronous reference 

frame is adapted with a current controller therefrom the injected current could be synchronized with a grid 

voltage. In addition, as depicted in Figure 1, the phase lock loop (PLL) is reflected in grid voltage level (V) 

and phase angle amplitude (θ) and frequency (f) in a single-phase system [16], [17]. 

 

 

 
 

Figure 1. Power control structure synchronized a single-phase grid-tied inverter [14] 

 

 

2.2. Weak grid system (WGS) 
The distribution generation network usually comprises an internal impedance (Zn) which can cause 

the fluctuation from a connection point of a DG system with an area behavior and voltage level and 
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impedance value can be calculated as shown in (1) [18]. A weak grid could lead the voltage fluctuation (ΔV) 

of the PV inverter and consequently, its effect could foment the inverter instability [19]. Otherwise, 

renewable energy sources (solar PV or wind) are injected into power grids can lead to the voltage deviation 

(Δv) because of an internal system impedance, power quality decrement and high-power variations. 

Therefore, the active power (S) and reactive power (Q) are prevented strongly for grid operation[20], [21].  

 

𝑍𝑛 = √𝑋𝐿
2 + 𝑅2(𝛺) (1) 

 

2.3. PCC voltage control under a weak grid 

In this research, PCC voltage control was an important cause for grid tied-PV inverter system 

because when PV power generation system was interfaced into the power grid, power forming generation can 

vary, that is, PCC voltage expansion may occur and PCC voltage may be regulated for an operating system. 

Moreover, the maximum power output (Pmax), the active power (S) and reactive power values (Q) of PV 

inverters were controlled and calculated appropriately and A nonlinear of the requiring reactive power 

focused on against the fluctuations of the active power output with a different value of voltage variation 

margin. The PCC communication of a weak grid-tied PV inverter as depicted in Figure 2 and the 

specification of the voltage fluctuation value (ΔV) is utilized as the common formula[18], [22].  

 

𝛥𝑉𝑃𝐶𝐶 = 𝑉𝑃𝐶𝐶 − 𝑉𝑅𝑒 𝑓 (2) 

 

Hence, 

ΔVPCC, voltage variation at point of connection coupling (V) 

VPCC, voltage value between the grid and PV inverter output voltage (V) 

V Ref, regulated voltage source/fundamental voltage (220 V) 

 

 

 
 

Figure 2. PCC communication of a weak grid-tied PV inverter 

 

 

There are two core indicators reflect the foundation of the grid strength at PCC, that is, the short 

circuit ratio (SCR) or the inductive-resistive ratio (IRR) of the weak grid system defined by the mathematical 

equation and when the grid is considered weak if IRR is smaller than 0.5 [18]. 

 

𝑆𝐶𝑅 =
𝑉𝑃𝐶𝐶𝑛𝑜𝑚
2

𝑍𝑡𝑜𝑡𝑎𝑙𝑆𝑛𝑜𝑚𝑖𝑛𝑎𝑙
 or 𝐼𝑅𝑅 =

𝑋𝑡𝑜𝑡𝑎𝑙

𝑅𝑡𝑜𝑡𝑎𝑙
 (3) 

 

Hence, 

S nominal is the rated apparent power of the DG unit 

Z total is the equivalent impedance 

V PCC nom is the generated rated voltage for the DG connection point 

 

The weak/low grid was marked when the voltage at PCC point is sensitive to any deviation of load 

and impedance of the line is inversely proportional to the short circuit current capability at the connecting 

point. If the short circuit current is high, grid strength is high. While short circuit current is low strength, is a 

weak line. If strong /stiff grid is notified that the voltage will not be affected and will stay unchanged because 

depending on the impedance values of the grids. If impedance ratios are high, the strength is weak and when 

impedance values decrease lowly, the grid capacity strength is strong and the comparison of the weak grid 

and strong grid characteristics as depicted in Table 1 [23]. 
 

 

 

 



           ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 12, No. 2, June 2021 : 1055 – 1068 

1058 

 

Table 1. Comparison of the weak grid and strong grid characteristics [23] 
Weak /Low grid capacity Strong/stiff grid capacity 

- Decreasing the grid SCR 

- The growth of high grid impedance 

- Characteristic of an unstable distributed 

system 

- Farther power generation location 

- Load variation of line 

- A voltage variation is not proportional to a 

condition 

- Voltage still keeps steady of line 

- Grid impedance is low 

- The impedance of the line is inversely 

proportional to the SCR capacity at the point of 

common coupling  

- The constant load of line and stable distributed 

system 

- Not the farther power generation location 

 

 

2.4. Distorted grid voltage system 

The power distribution generation systems of grid-tied PV inverters naturally comprise the grid 

power distortion in many causes; THD value expansion of high impedance and inverter filters in use of 

power electronic devices or otherwise, a low voltage distribution grid is exposed to voltage inequity, 

distortions and power dips [24]. The grid distortion system can cause by  a solar PV irradiance decreases due 

to low power operation, the inverter characteristics could phenomenally generate more undesirable harmonic. 

Incidentally, when harmonics are flowing through power grid impedance, they produce the voltage 

harmonics and shall distort the supply voltage in the grid and harmonic distortions of the grid consist of 1
st
, 

3
rd

, 5
th
, 7

th
, 9

th
 or 11

th 
order values as shown in Figure 3 [25].  

 

 

 
 

Figure 3. Current harmonic distortion with power 

 

 

2.5. Power regulation of grid code in Cambodia 

2.5.1.  Voltage category in Cambodia 

 The distribution system is used to transfer electrical power to users from the high voltage 

(HM)/Medium voltage (MV) and the MV/Low voltage (LV) system. In addition, the voltage standard is 

applied in Cambodia as demonstrated in Table 2 [22]. 

 

 

Table 2. Voltage classification of Cambodia [26] 
Voltage classification Range of Nominal voltage Nominal voltage Highest voltage 

Low voltage 600v or less 230V/400V - 

Medium voltage More than 600V to 35 kV or less 22 kV 24 kV 

Highest voltage More than 35 kV 
115 kV 123 kV 

230 kV 245 kV 

 

 

2.5.2.  Low voltage fluctuation 

The voltage fluctuation could appear at the grid connection point of solar PV plant because of 

switching operation with the solar plant facilities and the voltage fluctuations at the grid connection point of 

the low voltage distribution network which is penetrated with solar PV power plant become the most 

universal due to the intermittent nature of solar PV source and due to the customer. The load voltage 

fluctuation is passed by the Electricity Authority of Cambodia, -10%, and  +6% of the normal voltage value 

as shown in Table 3 [27]. The power factor (PF) of grid code in Cambodia is passed by Electricity Authority 

of Cambodia (EAC) for grid system  requires 0 .95  leading or lagging [28], and the system frequency is above 

50 .5 Hz or below 47 .5 Hz. The solar PV project can be disconnected from the grid supply within 0 .2 seconds 
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which is regulated by EAC, but the system frequency magnitudes between 47 .5 to 50 .5 Hz shall be 

maintained for the grid system operation. 

Table 3. Low voltage levels maintained at the grid point 
Nominal system voltage Maintained Value 

230V 207V ≤ U ≤ 244V 

00V 360V ≤ U ≤ 424V 

 

 

2.5.3.  Harmonic distortion 

The harmonic voltage distortion is usually defined as the grid system that shall cause the harmonics 

in the CTS to exceed the limits specified by EAC and the overall total rated current distortion (TRD) is 

limited 5% and the harmonic voltage distortion levels as illustrated in Table 4 [28]. 

 

 

Table 4. Harmonic voltage distortion levels 
Bus Voltage at Point of 

Coupling 

Max individual Harmonic 

Component )%( 
Max THD (%) levels 

69 kV and less 3.0 % 5.0 % 

69 kV < V  ≤161 kV 1.5 % 2.5 % 

Above 161 kV 1 % 1.5 % 

 

 

3. RESEARCH METHOD  

In this research, a PV inverter penetrated power to a weak grid at the point connection of coupling 

(PCC) and the experiment was developed according to a simulated method to notify the research findings of 

the PV inverter performance, the distorted grid voltage and harmonic effects under a weak grid condition of 

the system. The 5-KW full-bridge inverter was set up for an experiment and the grid system was a single-

phase AC power (220 V/50 Hz) combined in series connection with impedance components (Z). The 

impedance elements were given their total ratios of 2.619 Ω. Moreover, the experiment were done with total 

power adjustment of 5-KW PV inverter in 100%, 66%, 33% range application. The experimental geographic 

area was set at Cambodian-Thai Skills Development Institute (CTSDI), Phnom Penh Cambodia. Particularly, 

the principles of experimental processes in the research study could be applied properly in the following 

stages such as the ideal grid system, a distorted grid voltage system, and a weak grid system. In addition, the 

research methodoloy titled a study of a single phase grid connected PV inverter performance under a weak 

grid conditions and distorted grid voltage wil be apoplied as illustrated in Figure 4. 

 

 

 
 

Figure 4. The research flow chart of the methodology 

 

 

4. RESULTS AND ANALYSIS 

In this segment, the results of the research study are exhibited and discussed particularly. As 

previously stated in the research method, there are three different experiments to detect the factors which 

affect the system process and the weak grid system. A PV inverter performance is delayed about 60 seconds 

before grid power injection. 

 

4.1. Results under the ideal grid system 
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As depicted in the research methodology, the three-different experiments are operated properly. 

They are the idea grid, a distorted grid voltage and a weak grid system with 100%, 66% and 33% power 

adjustment. This is the experimental diagram of the ideal grid system as illustrated in Figure 5. 

 
 

Figure 5. The experiment of an ideal grid and distorted grid system 

 

 

Table 5 demonstrates the power quantities of PV simulations in 100%, 66%, and 33% power 

applications which are being penetrated power with the grid power system. 

 

 

Table 5. Power adjustment of PV simulation 
100% power 66% power 33% power 

5228.4W 3443.3W 1705W 

 

 

 The experimental results of the ideal grid system are illustrated in Table 6 without the impedance 

component passing, is that, PV power system is penetrated simply with the grid system.  

 

 

Table 6. Results of the ideal grid system 

Description 
Power 

(W) 

Voltage 

(V) 

Current 

(A) 

Pact 

(KVA) 

Preac 

(Kvar) 

Frequency 

(Hz) 

THDi 

(%) 
Power factor 

100% 5070.9 220.31 23.02 5.0712 0.05 50 2.14 0.99 

66% 3313.2 220.30 15.04 3.3147 0.09 50 2.19 0.99 

33% 1652.3 220.16 7.51 1.6541 0.07 49.99 3.41 0.99 

 

 

The experimental results under the ideal grid system show that a PV simulation connected to an 

inverter injected power with a single-phase grid at PCC point. While the experiments were being applied, Pout 

values of 3-level power remarkably rose in the grid and these surges factors were caused by load power 

consumed, inverter output power and system power in ordinary status. During that period, VPCC values 

observed the VPCC magnitudes increase a little bit of a basic voltage. Accurately, VPCC value increased due to 

low consumed load (R), and frequency systems were considered as constant 50 Hz. While voltage surge 

occurred in the grid to lead IPCC in a good rise. 

The active power (S) and reactive power (Q) of the ideal grid reach good levels; therefore, Pout 

quantities reflect an inverter performance and the inverter efficiencies are good, equivalent to 96% which 

calculated as shown in (4). Although, these grid systems have an excellent process and considered as 

stabilized systems, current THD values (2.14, 2.19, and 3.41%) were observed these values situated in high 

levels, and factors were assumed from the cause of internal grid impedance and inverter Pout. Furthermore, 

THD effects can lead to the unsmooth current flow pathway and the ripple current waveform of the grid 

system. 

 

𝜂𝑖𝑛𝑣 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
=

𝐼𝑎𝑐𝑉𝑎𝑐𝐶𝑜𝑠𝜃

𝐼𝑑𝑐𝑉𝑑𝑐
 𝜂𝑖𝑛𝑣 =

5070.9

5228.4
= 96% (4) 

 

 The experimental results in Table 7 demonstrated the current harmonic order values of the ideal grid 

system which the whole network system is allowed to naturally operate.  

 

 

Table 7. The harmonic order value under the ideal grid system 
Harmonic orders 1st 3rd 5th  7th 9th THD 

Current 100% 22.64 0.30 0.18 0.08 0.07 2.14 
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Current 66% 15.10 0.27 0.12 0.08 0.06 2.19 

Current 33% 14.88 0.27 0.12 0.07 0.06 3.41 

 

 

   
(a)  

 

 (b) (c) 

Figure 6. Grid current waveforms under ideal grid system (a) PCC current waveforms 100% in power, (b). 

PCC current Waveforms in 66% power, (c) PCC ccurrent waveforms 33% in power 

 

4.2. Results under the distorted grid voltage system 

The distorted grid voltage system was separated into two portions for the experimental processes; 

the percent rate insertions on harmonic orders. The percent rate verified that 5% rate for 3
rd

 harmonic, 1% 

rate for 5
th
, 7

th
 and 9

th
 harmonics as shown in Table 8 on harmonic spectrums and the only 3

rd
 harmonic order 

value selection. However, these experimental results were not referred extremely to voltage harmonic 

detections. Otherwise, current THD values were calculated as in equation (5) because harmonic effects could 

affect the grid application. 

𝑇𝐻𝐷𝑖(%) =
√𝐼2

2+𝐼3
2+𝐼4

2+...𝐼𝑛
2

𝐼1
× 100 (5) 

 

4.2.1.  The results of the percent rate insertions on harmonic orders 

Table 8 demonstrates the experimental results of the percentage rate insertions by emphasizing 

THDi magnitudes with power range adjustment in 100%, 66% and 33% power. 

 

 

Table 8. The results of the percent rate insertion on harmonic orders 

Description 
Power 

(W) 

VPCC 

(V) 

IPCC 

(A) 

Pact 

(KVA) 

Preac 

(Kvar) 

Frequency 

(Hz) 

THDi 

(%) 
Power factor 

100% 4978.5 220.26 22.67 4.9787 0.05 49.99 3.41 0.99 

66% 3318.5 220.27 15.14 3.3192 0.06 50 5 0.99 

33% 1646.6 220.26 7.55 1.6479 0.06 50 8.88 0.99 

 

 

The results of the percent rate insertions on harmonic orders under a distorted grid voltage system 

are similar to the ideal grid system, but a different figuration of a system flow is that, the grid power side 

passes the percent rate insertion area on harmonic orders and injected power with PV inverter power at PCC. 

The results show in 100% power gets 4978.5W and this value collapses around 21.5 W of 5 KW inverter 

capacity and in 33% power falls about 5 W, but the 66% power application value rises around 19W. Power 

growth or decrement factors assumed from relations to the load power quantity consumed, system power and 

inverter power side. While the system power increased or collapsed, power factors could lead a current rate 

to follow because current ratios were proportional to power quantity levels. Otherwise, AC power system 

was proportional directly to the current and the voltage including an inverse proportion to power factor of the 

system practiced as shown in (6). In those, the harmonic distortions occur in grid systems and harmonic 

frequencies in power grids are the causes of power quality issues. VPCC values rise slightly of a fundamental 

voltage and particularly, therefore, VPCC surges cause by consumed loads and while voltage growths occur 

and grid powers decrease in the system, thus these factors can lead IPCC in a drop during grid frequency 

systems are considered as constant of frequency 50 Hz. Referring to results, the power dropping in 100% 

application leads the inverter efficiency to falls 1% of the system, equal to 95% that period the active power 

(S) collapses and reactive power (Q) considered as good ranks. 
 

𝑃𝑜𝑤𝑒𝑟𝐴𝐶 = 𝑉. 𝐼. 𝑃𝐹(𝑊) (6) 
 

Figure 7 (a) verifies each harmonic order values in the system to hold constant, but THDi values 

increased highly until 3.41% as shown in Table 9, if comparing with the ideal grid system. The THD 

expanding comes from the causes of percent addition rates on the grid harmonics including internal grid 
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impedance. THD magnitude in 100% power adjustment as depicted above, it will be allowed a grid for the 

simple operation. 

Figure 7 (b) demonstrates each harmonic order value is steady and enable for the grid system but the 

THDi amplitude in 66% power adjustment increases remarkably until 5% of the system, but this ratio does 

not surpass yet the power regulation Cambodia as shown in Table 4. THDi ratio is a scenario which 

illustrates the current waveform can process in unsmooth situation and this magnitude growth is possible to 

lead the serious distortion of the grid system, in addition, it causes extremely the ripple waveform. 

Figure 7 (c) illustrates THDi value increase in the highest level (8.88%), but each current harmonic 

order ratio decreases slightly of the constant levels. According to power transmission regulation of grid code 

Cambodia as shown in Table 4, this magnitude is a scenario of a grid system which be not permitted to 

operate continuously or the line system is stopped suddenly. 

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 7. PCC current waveforms in percentage power, (a) 100%, (b) 66%, and (c) 33% 

 

 

Table 9. The harmonic order value under the distorted grid 
Harmonic orders 1st 3rd 5th  7th 9th THD 

Current 100% 22.67 A 0.66 A 0.27 A 0.18 A 0.16 A 3.41% 

Current 66% 15.08 A 0.67 A 0.20 A 0.17 A 0.15 A 5.00% 

Current 33% 7.51 A 0.60 A 0.18 A 0.14 A 0.13 A 8.88% 

Voltage harmonics   5% 2% 1% 1% 5.57% 

 

 

4.2.2.  The only 3rd harmonic order value selection 

Results of the only 3
rd

 harmonic order selection under distorted grid voltage in Table 10 is the same 

process system to the percent rate insertions on harmonic with a grid power injection passing 5% additional 

area for 3
rd

 harmonic order to penetrate PV inverter power. The results show Pout in 100% power collapses 
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around 22W of 5KW inverter capacity and in 33% power collapses around 5W. The decrement factors 

assumed from relation to the load power quantity consumed, system power, and a Pout. inv side. By the way, 

harmonic distortions lead a system power drop and the power dropping in 100% application leads the inverter 

efficiency to falls 1% of the system, equal to 95%. IPCC decrement in 100% power drops 0.34A of 23A pure 

value and a dropping reason comes from power factor and voltage rate of the system. Results verify 

additionally max voltage surge of the only 3
rd

 harmonic order selection is about 0.33V of a basic voltage. The 

main factors of voltage surges caused by load power quantity and power quality in a system and grid 

frequencies considered as steady. S decrement rate cause of the disturbance in a power system and Q 

performances approach into good ranks. 

 

 

Table 10. The results of the only 3
rd

 harmonic order selection 

Description 
Power 

(W) 

VPCC 

(V) 

IPCC 

(A) 

Pact 

(KVA) 

Preac 

(Kvar) 

Frequency 

(Hz) 

THDi 

(%) 
Power factor 

100% 4978.1 220.33 22.66 4.9786 0.06 49.99 3.14 0.99 

66% 3332.7 220.24 15.19 3.3329 0.02 50 4.67 0.99 

33% 1646.4 220.18 7.54 1.6471 0.04 49.99 8.26 0.99 

 

 

   
(a) (b) (c) 

 

Figure 9. PCC current waveforms of the only 3rd harmonic order selection, (a) 3rd harmonic order in 100% 

power, (b) 3rd harmonic order in 66% power, (c) 3rd harmonic order in 33% power 

 

 

Table 11 illustrates the experimental results of the distorted grid system by emphasizing on current 

harmonic order magnitudes; 1
st
 harmonic, 3

rd
 harmonic, 5

th
 harmonic,7

th
 harmonic and 9

th
 harmonic and 

before the whole system starts, the power source is adjusted in 100%, 66% and 33% power. 

 

 

Table 11. The harmonic order value under the distorted grid 
Harmonic orders 1st 3rd 5th  7th 9th THD 

Current 100% 22.65 A 0.66 A 0.18 A 0.08 A 0.07 A 3.14% 

Current 66% 15.15 A 0.68 A 0.12 A 0.08 A 0.06 A 4.67% 

Current 33% 7.51 A 0.59 A 0.10 A 0.06 A 0.05 A 8.26% 

Voltage harmonics   2.5% 1% 0.5% 0.5% 2.78% 

 

 

According to 3
rd

 harmonic order magnitudes in the harmonic spectrum bars in Figure 10 notify these 

values to exist good stability in grid systems. But THDi values in 100% and 66% powers rise in high levels 

and THDi growths come from the causes of percent addition rates on the grid harmonics including internal 

grid impedance and non-linear loads. Therefore, harmonic effects lead to seriously distorted grid operations 

and badly ripple current waveforms. THDi value in 33% application rises to 8.26% and is an affected value 

under the regulated warning relying on power regulation of grid code, Cambodia, as shown in Table 4. 

Furthermore, the 8.26% value is not allowed to transfer power or disconnected suddenly the operating 

system.  
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Figure 10. Harmonic spectrums of the only 3rd harmonic order selection 

𝑇𝐻𝐷𝑣(%) =
√𝑉3

2+𝑉5
2+𝑉7

2+𝑉9
2+...𝑉𝑛

2

𝑉1
× 100  (7) 

 

4.3. The Results of a weak grid system 

The weak grid system is a single-phase grid-connected in series with inductive reactance (XL) and 

resistive (R) units and penetrated power with PV inverter at the point of common coupling (PCC). XL values 

are given 1.749Ω and R-value is 0.87Ω, totally summarized values are accepted 2.619Ω. The weak grid 

system provided into individual two structures for the experiment with power adjustment as previously 

stated. The first experiment strategy of a weak grid is applied in power transference passing impedance (XL) 

from the grid- connected PV inverter, and the second is a weak grid applied in power transference throughout 

impedances (XL- R) from a grid penetrated a PV inverter power.  

 

4.3.1.  The results of a weak grid system connected inductive reactance (XL) 

 A weak grid system connected an inductive reactance in series to a grid simulator with 1.749Ω 

known value and synchronized with PV power system at PCC point to analyse judiciously the power network 

and simulated the technical diagram as shown in Figure 11. 

 

 

 
 

Figure 11. Experimental structure of a weak grid system connected XL 

 

 

The results of a weak grid system passing impedance (XL) with 0.87Ω value penetrated power to a 

PV inverter show Pout in 100% power is 4995.1 W and there are power dips around 5W in the system of 5KW 

inverter capacity. Naturally, power transmissions shall exist of power losses in the system and judiciously, a 

power transmission of a weak grid system passes an impedance (XL) and XL values are as consumed loads, 

therefore, power losses/growth are known from many causes such as; inverter output power, load power and 

system power. IPCC values in 100% and 66% power collapse slightly of pure current values, and IPCC dip 

factors caused by the grid power which run across impedance loads, internal grid impedance, and power 

quality problem. The active power in 100% application slows down slightly in the system after passing a grid 

impedance. Thus, S power sags caused by impedance values (Z), system conductors, and current rates 

depending on an applied equation, S power =V*I. Reactive power (Q) ratios under the distorted grid system 

place at good levels.  

The system frequency values considered as stable values and max VPCC surges are around 1.48 V of 

basic voltage, thus voltage variation (ΔV) is equivalent to 0.67% of the system. Accurately, VPCC surges 

caused by impedance load connected in series in the system. If according to a low voltage variation (-10% 

and + 6%) in Cambodia, ΔV value does not exceed the power regulation of grid code. THDi growths rise 

quite highly over average values in the system as shown in Table 12 of each power application, judiciously, 
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THD values occur by non-linear loads of the inverter circuit, grid impedances, and internal conductors of the 

system. THD affects can draw distorted current flow pathways and ripple current waveforms. The average 

values of THD for a grid are smaller than 1% and if according to THD value in power regulation of grid code 

Cambodia is not larger than 5% for a normal grid system. 

 

 

Table 12. The results of a weak grid system with passing XL components 

Description 
POUT 

(W) 

 VPCC 

(V) 

IPCC 

(A) 
PACT (KVA) PREAC (Kvar) 

Frequency 

(Hz) 
PF 

THDi 

(%) 

VGRID 

(V) 

100% 4995.1  221.77 22.53 4.9957 0.07 49.99 0.99 1.81 220.29 

66% 3310.5  221.32 14.96 3.3109 0.04 50 0.99 2.32 220.25 

33% 1659.9  220.95 7.52 1.6614 0.07 49.99 0.99 3.53 220.26 

 

Figure 12 (a), Figure 12 (b) and Figure 12 (c) shows the waveforms of PCC voltage and PCC 

current during the grid simulator connected XL component in series and interfaced to PV simulator with 

100%, 66% and 33% power adjustment for the systematic process as shown in Figure 12 (a), Figure 12 (b) 

and Figure 12 (c) and the analysis results as demonstrated in Table 12. 

 

 

   

(a) (b) (c) 

 

Figure 12. Waveforms of voltages and current (a) 100%, (b) 66%, (c) 33% 

 

 

Figure 13 specifies the evaluation between a systematic power and voltage feature of a weak grid 

system across XL as depicted in 3.3.1 while the system is applying with each power adjustment to discover 

the power system problem and voltage variations (ΔV). 

 
 

 
 

Figure 13. Comparison of power and voltage expansion 

 

 

4.3.2.  Results of weak grid system connected inductive reactance (XL) and resistive units (R) 

The results of a weak grid system passing impedance (XL-R) with 2.619Ω value injected power with 

a PV inverter power exhibit Pout in 100% power collapses slightly about 2W of 5 KW inverter capacity, Pout 

in 66% power application rises around 19W and Pout in 33% power application surges about 8W of the grid 

system. Logically, power conveying factors could simply comprise power losses or growths in the systems. 

Judiciously, the power transmission of a weak grid system passes impedance (XL-R) values and XL-R values 
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in series connection considered as consumed loads. Therefore, power loss/growth problems are known from 

many causes such as; an inverter output power, consumed load power, and a system power quality.  

During the grid power of a weak grid system flows across impedance units (XL-R) penetrated power 

with a PV inverter power, the VPCC ratio in 100% power rises to 238.11 V, 66% power grows up to 232.67 V 

and 33% power application spreads up to 226.64 V. Particularly, VPCC expansion qualities are in 100% power 

is 18 V of a grid voltage and a voltage fluctuation (ΔV) gets equivalent to 8.18%, VPCC surge in 66% is given 

12.34 V, ΔV value is equal to 5.60% and VPCC enlargement in 33% power gets 6.4 V, therefore, ΔV ratio is 

equal to 3% of an operating system. VPCC surges caused by a power quality problem and high grid impedance 

value. According to a low voltage fluctuation in Cambodia is between -10% and +6% of a normal operating 

system. Thus, ΔV value in 100% power rises in 8.23% ratio which value exceeds power regulation and 

considered as overvoltage and the grid system shall be tripped by protective devices. S power in 100% 

application collapses slightly in the system after passing a grid impedance. Thus, S power dip causes by 

impedance values (Z), system conductors, and current rates. System frequencies (f) considered in good 

stability range and reactive power (Q) stand in an enhanced situation of the system.  

IPCC values as shown in Table 13 and the IPCC value in 100% power falls slightly around 2 A, 0.74 A 

for 66% power, and 0.18A for 33% power application of pure current ratios. The IPCC declining factor causes 

a high grid impedance value (XL- R) of the system and power quality problems. Current THD values rise in 

quite a high level of the systems which exceed the average values (<1%). The value 1.78% is for 100% 

power, 66% power comprises of 2.32% and 33% power consists of 3.60%. The current distortions take place 

from non-linear loads of the inverter, grid impedance values, and power quality problems of the system. 

Although, current THD ratios do not yet exceed power regulation (<5%) of grid code, Cambodia, the 

harmonic effects can absorb the distorted grid performance and ripple current waveforms. 

 

 

Table 13. The results of a weak grid system with passing XL and R components 

Description 
POUT 

(W) 

VPCC 

(V) 

IPCC 

(A) 
PACT (KVA) PREAC (Kvar) 

Frequency 

(Hz) 
PF 

THDi 

(%) 

VGRID 

(V) 

100% 4998.6 238.11 20.99 4.9987 0.02 49.99 0.99 1.78 220.32 

66% 3319.2 232.67 14.27 3.3206 0.09 50 0.99 2.32 220.33 

33% 1658 226.64 7.32 1.6592 0.06 49.99 0.99 3.60 220.24 

 

 

Figure 14 exhibits a discussion between the systematic power and voltage features of a weak grid 

system across XL and R in total values 2.619Ω as modified in 3.3.2. In addition, this system is emphasized on 

the findings of the power system troubles and voltage variations (ΔV). 

 

 

 
 

Figure 14. Output power and increased voltage of weak grid-connected XL and R 

 

 

Figure 15 (a), Figure 15 (b) and Figure 15 (c) exhibit the waveform features under a weak grid 

system which operating across XL and R values that they connected in series with a grid simulator by 

emphasizing on power system (PSYS), VG, IPCC and VPCC as depicted in 3.3.2 of a weak grid system (XL 

and R). 
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(a) 

 

(b) 

 

(c) 

 

Figure 15. Voltage and current waveforms of the weak grid system connected XL and R (a) 100%, (b) 66%, 

(c) 33% 

 

 

5. CONCLUSION  

In this paper, a single-phase grid-connected PV inverter performance under a weak grid verified the 

impacts on the grid systems. Simulations were done by using oscilloscope and power meter system block 

sets. System impacts were power quality problems, high ΔV surges and THD rises which were capable of 

distorting seriously grid systems and draw extremely ripple current waveforms in the grid. The results 

exhibited judiciously in 33% power applications under the percent rate additions on harmonic orders and the 

only 3
rd

 harmonic order selections, current THD quantities increase highly to exceed power regulation of grid 

code of Cambodia. These factors were caused by percent additions on harmonic including internal grid 

impedance. VPCC in 100% power application of a weak grid system (XL-R) rises to 238.11V. Hence ΔV was 

equivalent to 8.18% in the grid system which was caused by consumed charges and high grid impedance and 

this ΔV exceeded a power regulation of Cambodia. Furthermore, the system could be disconnected by the 

protective devices while IPCC collapses about 2A of 23A pure grid value. Due to the decreasing factors in IPCC 

that came from voltage expansion rate and XL and R-value factors in the grid. The entire experimental results 

observed the active and reactive power performances in good operating process without impacts on the grid 

system. 
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