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Abstract 

The paper investigates the dynamic behavior of a 220 kV mixed overhead-underground transmission line 
compensated with a shunt reactor, with a focus on the current zero-missing phenomenon and switching 
overvoltages. The zero-missing phenomenon, a condition in which the current through the circuit breaker fails 
to reach zero, can affect breaker operation and system stability, particularly in shunt-compensated systems. 
Key factors influencing this issue include cable length, cable configuration, reactive power compensation, and 
switching strategies. Using EMTP/ATP simulations based on a real grid model, the study evaluates various 
mitigation strategies for the zero-missing phenomenon, such as pre-insertion resistors, compensation ratios, 
and connections to high-power loads. Transient overvoltages on cable cores and sheaths during switching 
operations are also analyzed.  

Keywords: The zero-missing phenomenon, shunt reactor, mixed transmission lines, switching overvoltage. 

 

1. Introduction1 

Long High Voltage Alternating Current (HVAC) 

cables are now being researched by several system 

operators, or they have already planned to employ 

them in future transmission grid expansions. When 

long cables are being used, shunt reactors (SRs) are 

required for reactive power adjustment in order to keep 

the voltage within permissible limits. Shunt reactors 

should normally be connected directly to the wire and 

turned on with the cable in order to lower switching 

overvoltages and control the capacitive current in the 

line breaker, particularly for long cable lengths [1, 2]. 

The zero-missing phenomenon occurs when the 

alternating current fails to cross zero for several cycles, 

preventing the circuit breaker (CB) from opening 

safely without specialized interruption devices [3, 4]. 

High-voltage underground cables (HV UGCs), due to 

their large capacitive effects, require shunt reactors for 

reactive power compensation. This phenomenon has 

been observed at 150 kV [4], 380 kV in the 

Netherlands [1], and 550 kV in Japan [3]. Under        

no-load conditions, the SR current is nearly out of 

phase with the cable charging current, reducing the AC 

component through the CB [5, 6]. However, the SR 

current also includes a transient DC component, which 

may dominate the total current and delay zero crossing 

until it decays [3, 7]. When the CB closes on an 

unloaded cable with low SR resistance,     a large time 

constant can cause the zero-missing phenomenon to 

persist for several seconds, depending on the closing 

instant [8]. 
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Countermeasures for the zero-missing 

phenomenon in HVAC cable systems are generally 

categorized as prevention, mitigation, or handling 

methods [1, 8]. Preventive strategies aim to avoid the 

phenomenon entirely, such as connecting the shunt 

reactor at the voltage peak or using pre-insertion 

resistors to damp the DC component [7, 8]. Sequential 

energization, by delaying the energization of the cable 

and shunt reactor is also effective. Mitigation measures 

reduce the severity or duration, often by enhancing DC 

offset damping, typically with pre-insertion resistors. 

Handling approaches manage the system once         

zero-missing occurs, such as sequential switching after 

faults [1]. 

Studies highlight the effectiveness of            

voltage-peak switching and pre-insertion resistors in 

eliminating the phenomenon [8, 9]. Electromagnetic 

transient simulations, primarily using 

PSCAD/EMTDC for its accurate frequency-dependent 

modeling of high-voltage underground cables, are 

widely applied [1, 8-9]. EMTP-RV is also used to 

analyze the conditions leading to zero-missing events 

[4]. 

This paper investigates the zero-missing 

phenomenon in 220 kV transmission lines in Vietnam 

and proposes mitigation strategies. The main 

contributions are: 

- Simulation of the zero-missing phenomenon at 

the 220 kV level using EMTP/ATP and 

comparison with other software tools; 
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- Analysis of different transmission line 

configurations, including fully underground and 

mixed overhead–underground systems; 

- Evaluation of cable layout effects (horizontal, 

vertical, and triangular arrangements); 

- Assessment of key influencing factors such as 

shunt reactor (SR) compensation ratio, 

underground cable length, CB switching time, 

and SR placement at both ends; 

- Proposal of mitigation measures using                 

pre-insertion resistors with varying values and 

connection to large fluctuating loads; 

The paper is organized as follows: Section 1 

introduces the topic; Section 2 describes the              

zero-missing phenomenon and influencing 

parameters; Section 3 presents mitigation strategies; 

and the final section discusses the impact of placing 

SRs at both ends of the line. 

2. The Zero-Missing Phenomenon 

The zero-missing phenomenon can be illustrated 

using a parallel LC circuit with equal impedance, 

where the capacitor and inductor currents are equal in 

magnitude but opposite in phase. A DC component 

may appear in the inductor current depending on the 

switching instant [8]. 

Since the inductor current lags the voltage by 90°, 

it peaks when the voltage is zero. To maintain current 

continuity at the switching moment, a DC component 

is introduced if the inductor is connected at zero 

voltage-equal in magnitude to the AC component.       

In contrast, no DC offset occurs if the connection is 

made at the voltage peak [10]. 

In ideal conditions without resistance, the DC 

component persists indefinitely. However, in real 

systems, resistance causes it to decay gradually over 

time 

 

Fig. 1. RLC parallel circuit: inductor and resistor in 

series, in parallel with a capacitor 

 

Fig. 1 shows a circuit with an inductor in series 

with a resistor, connected in parallel with a capacitor. 

The resistor's value is 100 times smaller than the 

inductor’s reactance, which is equal to that of the 

capacitor. Fig. 2 illustrates the currents through the 

inductor (IL), the capacitor (IC), and their sum                

(I1 = IL + IC). When the circuit breaker (CB) closes at 

zero voltage, a maximum DC component is generated. 

The AC components of IL and IC cancel each other, 

leaving only a decaying DC current. 

 

Fig. 2. Currents through the inductor (IL), capacitor 

(IC), and their sum (I1 = IL + IC) 

A system comprising a shunt reactor (SR) and a 

cable behaves similarly to this configuration. The 

cable acts mainly as a capacitive shunt due to its 

dominant capacitance, while the SR can be modeled as 

an inductor in series with a resistor [11]. 

However, unlike the simplified RLC circuit, the 

real cable–SR system also experiences switching 

overvoltages caused by energy oscillations between 

the cable’s capacitance and inductance during 

energization [12]. To limit these overvoltages, 

switching should occur near the voltage peak. 

Conversely, minimizing the zero-missing 

phenomenon requires careful control of the switching 

instant, as the connection voltage significantly affects 

its severity [13]. 

2.1. Simulation Model 

The transmission project connects two sources 

via a 220 kV HVAC single circuit, with rated 

capacities of 231 MVA at Hoa Binh Substation and 

165 MVA at Tay Hanoi. The simulation model 

represents a 220 kV mixed transmission line, 

consisting of a 30 km Cross-Linked Polyethylene 

(XLPE) cable segment between two overhead line 

sections totaling 20 km, as shown in Fig. 3. Both       

220 kV sources are modeled using Thevenin 

equivalent circuits, with parameters listed in Table 1. 

Cable and overhead line data are based on standard 

specifications for 220 kV lines in the Vietnam power 

grid, as described in [14]. 

 

 

Fig. 3. System model 
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Table 1. Equivalent source characteristics 

Location R (Ω) X (Ω) 

Hoa Binh 0.33 2.17 

Tay Hanoi 0.6 2.9 

 

Table 2. Parameters of Cu-XLPE-1200 mm2 cable 

r2
 12.54 mm r1 3.5 

r3
 22.735 mm r2 2.0 

r4
 26.225 mm c 1,7.10-8 Ωm 

r5
 29.335 mm s 2,1.10-7 Ωm 

 

 The single cable line (CL) configuration consists 

of three 1200 mm² copper cores with 220 kV XLPE 

insulation. These cables are arranged horizontally, 

spaced 0.5 m apart, and buried 1.5 m below ground. 

Table 2 summarizes the geometric, physical, and 

structural properties of the underground cable line, 

along with the data used in the EMTP-ATP simulation, 

shown in Fig. 4. 

 

Fig. 4. Schematic of the underground cable structure 

 

 

Fig. 5. Structure of the underground cable 

Cables are typically arranged either horizontally 

(Fig. 5a) or vertically (Fig. 5b) when buried directly in 

the ground for construction convenience. However, 

this layout causes unbalanced mutual impedance 

between phases, with the center cable accumulating 

more heat, which reduces its current-carrying capacity. 

Alternatively, cables installed in tunnels are often 

arranged in a triangular (trefoil) formation (Fig. 5c) to 

address the limitations of horizontal configurations. 

Since cable arrangement affects capacitance, 

inductance, wave reflections, and induced currents on 

the sheath, these factors are considered in the            

zero-missing phenomenon calculations. 

The study used the Bergeron model, despite its 

limitations in simulating long underground cables, as 

it calculates wave impedance and wave propagation at 

a fixed frequency, where parameters such as 

attenuation coefficient, wave propagation velocity, 

and wave impedance of the core and sheath converge 

between phases [15]. The Bergeron model is a simple, 

constant-frequency method based on travelling wave 

theory, treating the line as lossless with distributed 

series resistance lumped at both ends of the line [16]. 

This model is suitable for underground cable 

configurations with a conductive core and an outer 

sheath, allowing accurate calculation of wave 

propagation while accounting for attenuation with 

added resistive components. Despite its limitations, it 

is preferred for very long transmission lines due to its 

simplicity and low computational demand. 

Both ends of the cable sheath are directly 

grounded, as shown in Fig. 6. The grounding 

resistance at each tower (Re) is considered to be 10 Ω, 

and the grounding resistance at the junction point 

between the tower and the cable sheath is connected to 

the cable’s grounding system [17]. 

 

Fig. 6. Outline of simulated 220 kV OHL tower 

All overhead line (OHL) towers are grounded 

using a 50 Hz grounding system, as shown in Fig. 6. 

Lightning protection wire used is a Tk 70 with an outer 

radius rout of 5.5 mm and a DC resistance  RDC of      

0.77 /km. The ACSR 400/64 conductor has an outer 

radius rout of 13.85 mm, an inner radius rin of 7.6 mm, 

and a DC resistance RDC of 0.0741 /km.  

Shunt reactors  are modeled as inductors in series 

with resistors, while the cable is primarily modeled as 

a capacitive element [2, 11].  
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The SR parameters are defined according to . 

followy expressions: 

𝐿𝑆(𝐻) =
1

4𝜋2𝑓2𝐶
 

𝑅𝑆(𝑊) = 0,2328𝐿𝑆 

Compensation level: 𝐾 =
𝑄𝐿𝑆ℎ𝑢𝑛𝑡

𝑄𝐶𝑐𝑎𝑏𝑙𝑒

=
1

𝜔2𝐿𝑠𝐶
   (1) 

→ 𝐿𝑠(𝐻) =
1

𝜔2𝐾𝐶
 

𝑄𝐿_𝑆ℎ𝑢𝑛𝑡(𝑀𝑉𝐴𝑅) =
𝑈𝑚

2

𝑋𝐿

=
𝑈𝑚

2

𝜔𝐿𝑠

 

𝑄𝐶_𝐶𝑎𝑏𝑙𝑒(𝑀𝑉𝐴𝑅) =
𝑈𝑚

2

𝑋𝐶

= 𝑈𝑚
2 𝜔𝐶    

where: LS is the inductance of the SR (H), RS is the 

resistance of the SR (), C is the capacitance of the 

cable (F), f is the industrial frequency (Hz), and Um is 

the rated voltage of the transmission lines (kV). 

2.2. Full Underground Cable Scenario 

2.2.1. Simultaneous closing of all three phases 

For a 50 km underground cable with 100% 

compensation, the parameters from (1) are: 

C=1.05.10-5 F, LS=0.97 H, RS=0.22 . Assuming a 

circuit breaker (CB1) closing time of 5 ms, the total 

current through CB1 (Fig. 9) is the sum of the cable 

core current (Fig. 7) and the shunt reactor current    

(Fig. 8).  

The zero-missing phenomenon occurs 

approximately 5 ms after closing for phase A, 15.8 ms 

for phase B, and 14.6 ms for phase C. A high X/R ratio 

exacerbates the phenomenon, as the DC component 

decays more slowly, prolonging the absence of current 

zero crossings. The peak current through CB1 reaches 

Ipeak = 4.2 kA. 

 

Fig. 7. Current through the cable cores 

 

 

Fig. 8. Current through the SR 

 

Fig. 9. Total current through CB1 (ICB=IC+IS) 

 

Switching overvoltages, as illustrated in Fig. 10, 

arise from energy oscillations between the cable’s 

capacitance and inductance. Their magnitude depends 

on the voltage at the instant the cable and shunt reactor 

are energized. In phase B, the peak overvoltage 

reaches Vpeak=354 kV (1.97 p.u), highlighting the 

importance of accurate switching timing to mitigate 

overvoltage risks. 

 

 

Fig. 10. Switching overvoltage on the cable cores at 

the cable termination 

 



JST: Smart Systems and Devices 

        Volume 35, Issue 2, May 2025, 043-053 

 

 

47 

 

 

Fig. 11. Induced voltage on the cable sheath at the 

cable termination point 

 

 

a. Current through CB1 of phase A  

 

b. Current through CB1 of phase B  

 

c. Current through CB1 of phase C  

Fig. 12. Current through CB1 for different cable 

configuration 

 

 

Fig. 13. Induced voltage on the cable sheath (Phase B) 

at the cable termination for different configurations 

Due to the cable’s considerable length and the 

connection between the cable sheath grounding 

resistance and the tower grounding system, the 

maximum induced voltage on the cable sheath at the 

end of the cable (Fig. 11) reaches 13.7 kV. This 

remains below the basic lightning impulse insulation 

level (BIL) of 40 kV for 220 kV cable sheaths [17], 

emphasizing the need for appropriate design and 

protection measures to ensure sheath integrity. 

A comparison of underground cable configurations-

horizontal, vertical, and triangular-reveals that 

horizontal and vertical placements have negligible 

impact on the zero-missing phenomenon and sheath 

overvoltage [14] (Fig. 12). In contrast, the triangular 

configuration yields the fastest current attenuation 

(Fig. 12bc). Although it initially exhibits higher 

oscillations, these decay rapidly, and the                      

zero-missing phenomenon occurs earlier due to the 

configuration’s lower capacitance and higher 

inductance. The maximum induced voltage on the 

cable sheath reaches 15 kV, exceeding the 13.7 kV 

observed in horizontal and vertical placements         

(Fig. 13). 

2.2.1 Staggered circuit breaker closing 

By offsetting the CB closing times across phases 

phase A at 5 ms, phase B at 11.6 ms, and phase C at 

8.3 ms the voltage phases are staggered by 

approximately 3.3 ms. As shown in Fig. 14, this 

method eliminates the zero-crossing points in the CB 

current immediately after closure. However, it 

significantly reduces the peak current to 1 kA, 

compared to 4.2 kA in the simultaneous closing 

scenario. 

Moreover, this approach reduces the induced 

voltage on the cable sheath to 3.2 kV, a considerable 

decrease from the simultaneous closing case. The 

voltage on the cable core also remains nearly constant, 

as illustrated in Fig. 15. 
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Fig. 14. Current through CB with staggered closing 

times for each phase 

 

 

Fig. 15. Voltage on the cable core during staggered CB 

closing 

 
2.3. Mixed Transmission Line Case 

This section examines a mixed transmission line 

configuration comprising both overhead lines (OHL) 

and underground cables (UGC). Four scenarios are 

considered: comparison with a fully underground line, 

variation in underground cable length, changes in SR 

compensation ratio, and the ratio of cable length to 

total line length. 

2.3.1. Shunt Reactor compensating 100% of the cable's 

reactive power 

Consider a mixed line consisting of a 30 km 

underground cable section between two 20 km 

overhead lines, as shown in Fig. 3. The compensation 

level is set to 100% of the cable’s reactive power. In 

this setup, phase B loses its current zero-crossing after 

approximately 17 ms (Fig. 16), compared to 15.8 ms 

in the full cable configuration (Fig. 9). The peak 

current through the CB is reduced to 2.58 kA, lower 

than the 4.18 kA in the full cable case. However, the 

overvoltage on the cable core is also lower 342 kV 

(1.67 p.u) in the mixed case (Fig. 17) versus 354 kV 

(1.97 p.u) in the full cable case (Fig. 10). Similarly, the 

induced voltage on the cable sheath decreases to      

10.8 kV, compared to 13.7 kV (Fig. 18). These 

reductions are due to the higher wave impedance of 

overhead lines, which leads to greater energy 

reflection and lower peak overvoltages during 

switching events [18]. 

 

Fig. 16. Current in phase B when CB closes 

simultaneously 

 

Fig. 17. Overvoltage on phase B of the cable core at 

the cable end 

 

 

Fig. 18. Induced voltage on the cable sheath at the 

cable end 

 

2.3.2. Effect of cable length variation 

Following CB closure in a mixed transmission 

line, the zero-missing phenomenon typically appears 

about one cycle (~15 ms) after switching. To evaluate 

the influence of underground cable length, the 

overhead line length is fixed, while the underground 

cable section is varied from 5 km to 30 km. 

In all scenarios, the shunt reactor (SR) 

compensation level is kept at 100%, and the CB closes 

all three phases simultaneously. The results in Fig. 19 

show the relationship between cable length and the 

time of zero-missing occurrence. 



JST: Smart Systems and Devices 

        Volume 35, Issue 2, May 2025, 043-053 

 

 

49 

 

 

Fig. 19. Time of zero-missing phenomenon as a 

function of cable length 

As shown in Fig. 19, phase A (Ia) demonstrates a 

sharp decline in zero-missing time from approximately 

9 ms at 5 km, stabilizing around 5 ms from 10 km 

onward. In contrast, phases B (Ib) and C (Ic) initially 

show increased zero-missing durations, peaking 

between 10-15 km, before gradually decreasing as 

cable length increases. This trend indicates that at 

shorter lengths, stronger inductive effects dominate, 

especially in phases B and C, extending the               

zero-missing duration. As the cable length increases, 

the growing influence of capacitance alters transient 

behavior, helping to restore zero-crossings more 

quickly. 

 

Fig. 20. Current through phase A for variable cable 

lengths 

This behavior has important implications for 

circuit breaker (CB) performance, as prolonged       

zero-missing can delay successful fault interruption. 

Fig. 20 further shows that as cable length increases, 

both peak and steady-state current magnitudes rise. For 

a 30 km cable, the maximum negative current reaches 

around –600 A. Longer cables also exhibit more 

intense and sustained oscillations, pointing to stronger 

resonance effects from increased system capacitance 

and inductance. 

2.3.3. Effect of compensation factor change 

The impact of varying the shunt reactor 

compensation ratio was assessed at levels of 25%, 

50%, 75%, and 100%. As shown in Fig. 21, the current 

through the circuit breaker (CB) fails to cross the zero 

point when compensation exceeds 50%. This is due to 

the increasing DC component in the current as the 

compensation level rises. Consequently, if 

compensation exceeds 50%, the CB cannot safely 

operate during faults, preventing proper interruption. 

These findings stress the importance of limiting the 

compensation ratio to 50% or less to ensure safe and 

reliable CB operation. 

 

Fig. 21. Current through the CB in phase A with 

changing compensation levels 

2.3.4. Effect of cable length ratio  

The effect of the cable length ratio relative to the 

total transmission line length (50 km) was evaluated, 

as detailed in Table 3. This analysis assumes the CB 

closes when phase voltages pass through the zero 

point. As shown in Fig. 22, the current through the CB 

in phase A changes with varying cable length ratios. 

Results indicate that as the cable length ratio increases, 

the zero-missing phenomenon becomes more 

pronounced. This is due to the increasing capacitive 

effects of the cable, which amplify the DC component 

and delay zero-crossings. The findings underscore the 

importance of optimizing the cable-to-overhead line 

ratio to mitigate the zero-missing phenomenon and 

ensure reliable CB operation. 

Table 3. Cable length and overhead line ratio 

Case OHL length 

(km) 
Cable length 

(km) 

Fully OHL 50  0 

20% Cable 40 10 

40% Cable 30 20 

60% Cable 20 30 

80% Cable 10 40 

100% Cable 0 50 
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Fig. 22. Current through the CB in phase A with 

varying cable length ratios 

 

Fig. 23. Current through the CB in phase B with 

varying cable length ratios 

Fig. 23 shows that as the underground cable 

length (or the cable ratio) increases, both the initial 

fault current and the duration of oscillations also 

increase. This is due to the higher system capacitance, 

which affects the momentary short-circuit current. 

Systems with a high cable ratio require more careful 

protection design, particularly for the fast and accurate 

tripping of CB. 

2.3.5. Effect of frequency variation  

Simulations were conducted at three different 

frequencies within the resonant range to evaluate their 

impact on the zero-missing phenomenon. Fig. 24 

shows that while the current through the circuit breaker 

in phase C varies with frequency, the zero-missing 

phenomenon is not significantly affected. At 50 Hz, 

the waveform exhibits higher peak currents and longer 

oscillation duration. However, increasing the 

frequency to 500 Hz and 1 kHz leads to faster damping 

and reduced oscillation amplitude. Despite these 

differences, all cases demonstrate similar                    

zero-crossing behavior. This indicates that although 

resonance frequency influences waveform shape, it 

does not critically alter zero-crossing dynamics. Thus, 

considering a range of frequencies provides more 

reliable insights into system behavior than focusing on 

the resonance point alone. 

 
Fig. 24.  Current through  CB with varying frequency 

 

3. Minimizing the Zero-Missing Phenomenon  

The zero-missing phenomenon occurs when the 

significant DC component in the current does not 

decay quickly enough after energizing the cable lines. 

This issue is compensated by the SR [4, 6-8]. The low 

impedance, particularly when the cables are unloaded, 

results in a large time constant (τ = L/R), which delays 

the decay of the DC component [8, 9]. The proposed 

solution is to increase the total resistance in the circuit, 

which reduces the time constant and allows the DC 

component to decay faster, enabling the current to 

cross the zero point sooner [1, 9]. 

The effectiveness of zero-missing mitigation 

measures, such as using pre-insertion resistors, is 

evaluated based on how quickly the DC component is 

extinguished [8]. The resistor value is typically 

determined by calculating the energy needed to 

dissipate before the circuit breaker trips, assuming 

100% reactive power compensation [8]. Simulations 

with different pre-insertion resistor values and load 

capacities are used to observe the zero-missing 

phenomenon's duration and DC component 

magnitude. The goal is to reduce the DC component 

enough for the current to cross zero quickly, ideally 

before the CB’s main contacts are fully closed. 

3.1. Effectiveness of Using Pre-insertion Resistors   

According to [8], the pre-insertion resistor Rp can 

be estimated using formula: 

𝑅𝑝(𝑊) =
2𝐿𝑠

0.01
                                                      (2) 

or calculated according to [9], 

𝑅𝑝(𝑊) =
3𝐿𝑠

0.02
                                                      (3) 
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Fig. 25. Current through the CB with Rp=241  

Fig. 26. Current through the CB at the phase A with 

variable Rp  

The comparison of Rp = 342  from (2) and 

Rp=241  from (3) in mitigating the zero-missing 

phenomenon. As illustrated in Fig. 25, when 

Rp=241 Ω, the current through CB at phase A crosses 

zero earlier. After closing, transient currents with peak 

values around 400–650 A are observed. The              

zero-missing phenomenon occurs at 9 ms (phase C), 

11 ms (phase B), and 13 ms (phase A), indicating 

effective reduction. The oscillations decay rapidly and 

stabilize within 15 ms. Overall, using Rp=241 Ω 

significantly mitigates transients and improves current 

interruption performance.  

The comparison of different Rp values shows that 

higher resistance improves the suppression of the    

zero-missing phenomenon (Fig. 26). Without a 

resistor, the current in phase A exhibits strong, 

prolonged oscillations and fails to cross zero for an 

extended period. With Rp=241 Ω, the zero-missing 

phenomenon occurs earlier (~32 ms), and the 

oscillations are notably reduced. When Rp=342 Ω, the 

current crosses zero even earlier (~23 ms) with the 

lowest peak current, indicating better damping. 

Increasing the      pre-insertion resistor value enhances 

current damping, speeds up the zero-missing event, 

and effectively mitigates the phenomenon. 

Fig. 27 shows the induced overvoltage on the 

cable sheath at the cable end with varying Rp. With 

Rp=241 Ω, the voltage on the cable sheath at phase A 

is reduced to 2.6 kV compared to 13.7 kV when no 

resistor is used. 

 
Fig. 27. Induced voltage on the cable sheath at the 

cable end with variable Rp 

3.2. Connection to Large-Capacity Loads 

 

a. With a load of 100 MVA 

 

b. With a load of 200 MVA 

 

c. With a load of 300 MVA 

Fig. 28. Current through CB when the transmission 

line connects to the load 
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Transmission lines connected to large-capacity 

loads can effectively mitigate the zero-missing 

phenomenon due to the significant reactive power 

demand. A 220 kV transmission line with a capacity 

ranging from 200 MVA to 300 MVA demonstrates this 

capability, particularly at load levels of 100 MVA,    

200 MVA, and 300 MVA. The presence of a 

substantial load stabilizes the system, reducing the 

likelihood of the zero-missing phenomenon. 

The analysis of current through the CB when 

connecting a transmission line to varying load 

capacities demonstrates the impact of load on 

mitigating the zero-missing phenomenon.  For a load 

of 100 MVA (Fig. 28a), the zero-missing phenomenon 

occurs on all three phases, indicating insufficient 

reactive power stabilization. At a load of 200 MVA 

(Fig. 28b), the phenomenon is limited to phase A, 

showing partial improvement.  Finally, with a load of 

300 MVA (Fig. 28c), the zero-missing phenomenon is 

fully resolved across all phases, confirming that 

higher-capacity loads effectively eliminate the issue 

and enhance system stability. 

4. Compensation at Both Ends 

The simulation model incorporates two power 

sources connected at either end of the mixed 

transmission line (Fig. 3). The compensation level at 

each end is often balanced to maintain system stability, 

with the total compensastion across both ends being 

50%. The resistance engagement times are set to 5 ms 

and 10 ms, with SR parameters defined as:            

C=6,3.10-6 F, LS=6,44 H, RS=1,5 .  

 

 

Fig. 29. Current through CB1 with a total 

compensation capacity of both ends equal to 50% 

 
The results show that with the total compensation 

capacity for both sides below 50%, the zero-missing 

phenomenon will not occur on all 3 phases of CB1 

(Fig. 29) and will occurs in the case of the total 

compensation capacity reaching 100% (Fig. 30). 

 

 

Fig. 30. Current through CB1 with a total 

compensation capacity of both ends equal to 100% 

 

5. Conclusion 

The analysis highlights the challenges posed by 

the zero-missing phenomenon in mixed             

overhead-underground transmission lines, particularly 

its impact on circuit breaker (CB) operation and 

system reliability. Key findings from this study 

demonstrate that cable length, compensation levels, 

and switching strategies significantly influence the 

severity of the phenomenon. Several mitigation 

strategies—such as using pre-insertion resistors, 

optimizing compensation ratios, and connecting    

large-capacity loads—can effectively reduce the 

impact of the zero-missing phenomenon. 

The study also reveals that while overvoltages on 

the core and sheath of the cable occur, they do not 

endanger the insulation of the cable when the           

zero-missing phenomenon is present. Moreover, the 

results suggest that while resonant frequencies can 

affect the waveform shape, they do not significantly 

alter the zero-crossing behavior. Compensation at both 

ends of the transmission line offers a balanced 

approach to minimizing the zero-missing phenomenon 

and ensuring the safe operation of the system. 

These findings emphasize the importance of 

careful system design and operational planning to 

address the complexities of modern transmission 

systems. However, it is important to note that the study 

results have not been evaluated for asymmetric 

transmission line configurations, meaning that 

individual values of Ls and Rp should be considered in 

such cases. Additionally, the study focuses on a 

specific line in Vietnam operating at a single voltage 

level of 220 kV, without delving into power systems 

with different voltage levels, characteristics, or 

operating conditions. Future studies will explore the 

impact of system structure and variables—such as 

voltage, power frequency, short-circuit power, and X/R 

factor—on the zero-missing phenomenon. 
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