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ABSTRACT 
 

This paper stimulates thought on Zone-1 transmission line protection. voltage and current indications from the 

transmission line's local terminal that is under protection. Within 10 milliseconds of the fault, zone-1 detection 

is accomplished with a 98.4% accuracy. The digital distance relay, which employs symmetrical components 

of three- phase currents and voltages, is used to safeguard transmission cables fed from one end. The system's 

power factor is improved by dividing the distance into zones 1, 2, and a transmission line. Based on the use 

of an artificial neural network, decide whether a defect exists in the given line length in almost real-time. 

Transmission line protection is provided by electromechanical distance relays. The operation of the distance 

protection relay during a malfunction ona transmission line with series compensation is examined. It describes 

how the relay created, together with shunt reactor correction, was used to a 645 km long, 1000 kV UHV 

transmission line. To further demonstrate howsuccessfully distance protection functions with the distribution 

system, this research incorporates information from real world event reports. 

 
 

INTRODUCTION 
 

Distance or impedance protection is the most fundamental and common protection used in high voltage power 

transmission systems. determine if the fault is within the zone to be protected. Different types of problem such 

as short circuit, noise effect and others are occurring in power system networks and due to this short circuit 

heavy current flow through the equipment working in the system causing damage of equipment’s. In order to 

maintain the system stabilityand to improve its reliability, fault detection and rapid equipment mechanism 

present in the system. 

 

The study investigated the feasibility of distance protection in extra voltage networks for relativity long EHV 

transmission lines a major problem in existing distance production is that the major independence of 

importance relay may not be proportional to the fault distance to study analysed this problem in details through 

theoretical analysis. 

 
Variable filtering algorithm that improves operating speed without sacrificing security. Adaptive polarizing 

scheme that accommodates rapidly changing system conditions. This paper deals with distance protection 

elements based on quadrilateral operation characteristics. An alternative method to solve the optimization 

problem related to the determination of the reach settings of the quadrilateral distance protection element of  

mutually coupled transmission lines is proposed. 
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Electro mechanical distance relays used for production of transmission linear prone to effect of resistance each 

part condition improves the relay performance this paper present in new approach artificial neural network to 

overcome the effect of heart resistance on relay operation consequently the decision made by a relay will not 

be seriously affected by variation in system parameters. 
 

 
It is frequently possible to boost the electrical transmission capacity of a transmission line by utilising series 

compensation. However, there is a limit to how much compensation may be applied to a line since protection 

settings are frequently impacted when compensation surpasses 50% of the line impedance. co-ordination. 

 
In order to increase distributed shunt capacitance and raise natural power while lowering corona losses on the 

conductor surfaces, line designs frequently minimise characteristic impedance. As a result, it is extremely 

likely that a distance relay system will need a more accurate model rather than a depiction of the UHV 

transmission line using lumped parameters. The apparent impedance is determined by a distance relay using 

locally recorded current and voltage. The impedance of a transmission line is normally spread uniformly over 

its length. 

 

There is typically a primary trunk on a distribution feeder from which branch circuits sprout. These laterals are 

often connected to the main trunk via a fuse. The feeder protection for a fused lateral is designed to ensure that 

a permanent fault will only result in an outage for that lateral. For longer feeders with midline reclosers, the 

feeder protection is set up to prevent tripping of the source breaker for faults downstream of the recloser. 

 

SYSTEM AND METHODS 

 

A. Numerical Relays 

A numerical relay is a computer-based system with software-based protection algorithms for the detection of 

electrical defects in utility and industrial electrical power transmission and distribution systems. These relays 

are also known as protective microprocessor relays. They can provide various protective functions in one unit, 

as well as metering, communication, and self-test features. They are a functional substitute for electro-

mechanical relays. The physical depiction of numerical relays is 
 

Fig 1: 7SA522 RELAY 

Shown in Figure 1. Additionally known as intelligence electronic devices, numerical relays (IED). 
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B. ABOUT DIGSI SOFTWARE 
 

 

Figure 2: Digsi-4 Software 

 
In this fig 1.2 shows project Digsi-4 software is used to communicate with IED. The IED’s are microprocessor 

and microcontroller-based protection relay hence it needs some programming/configuration to activate the 

protection function available in the IED. This configuration can be done with help of Digsi-4 software. 

 
 

C. Secondary Injection Kit 
It is a relay test kit that gives the relay's CT and PT inputs. Both current and voltage channels are present. A 

current knob included in the kit will be used to regulate the current inputs to the relay. Utilizing the voltage 

knob included in the kit, the voltage input to the relay will be managed. In order to know when the relay is 

operating, it also has one timer. The illustration shows an ordinary secondary injection kit. 
 

 

D. Distance Protection 
Distance Protection is a Non-unit System of Protection, which measures the Impedance between the Relay 

Location and the point, where the fault is incident and compares it with the Set Value. If the measured 

Impedance is less than the Set Value the Relay operates and Isolates the Faulty Section. 

Distance protection is comparatively simple to apply and it can be fast in operation for faults located along 

most of a protected circuit. It can also provide both primary and remote back-up functions in a single scheme. 

It can easily be adapted to create a unit protection scheme when applied with a signalling channel. 

 

E. Quadrilateral Characteristics 
The quadrilateral properties as depicted in figure 5 are the foundation upon which the distance protection 

operates. The protection activates and sends the trip command to CB after a predetermined time delay if the 

measured impedance satisfies the quadrilateral specifications. 
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Fig 4: Quadrilateral Characteristics 

 

 

F. Design and Implementation SETTING CALCULATION INPUT DATA: 

 

Fig 5: input data 
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Line: Substation-A to Substation-B 

Frequency: 50Hz Line length: 190km CT ratio: 1000/1A 

CVT ratio: 400/0.11kv 

 
 

Line data: Total Impedance- 

R1+jX1: 0.0288+j0.307/km; For 190km: R1T + jX1T = 5.472 + j58.33 ohm R0+jX0: 

0.2689+j1.072/km;  For 190km: R0T + jX0T = 51.091 + j203.68 ohm 

 
For Phase to Neutral Fault- 

 
 

R1+jX1 = 0.0288 + j0.307/km For 190km, R1T+jX1T= 5.472+j58.33 ohm R0+jX0 = 0.2689 + 

j1.072/km.  For 190km, R0T+jX0T= 51.091+j203.68 ohm 

 
Primary values: 

R1= 0.8×5.472 = 4.3776 ohm 

X1= 0.8×58.33 = 46.664 ohm 

 
R0 = 0.8×51.091 = 40.873 ohm 

X0 = 0.8×203.68 = 162.944 ohm 

 
Rn = (R0 – R1) / 3 

= 40.873-4.3776/3 

= 12.17 ohm Xn = (X0 – X1) / 3 

= 162.944 – 46.664/3 

= 38.76 ohm 

 

 

 
Secondary calculations: 

R1(sec) = 
(
𝐶𝑇 𝑟𝑎𝑡𝑖𝑜 

∗ 𝑅1)
 

𝑉𝑇 𝑟𝑎𝑡𝑖𝑜 1/𝐼2 = 1000/1 = 1000 

= 0.275×4.377 VT ratio = V2/V1 = 400kv/110v= 3636.3 

= 1.204-ohm CT ratio/VT ratio= 1000/3636.3= 0.275 

CT ratio = 𝐼 
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X1(sec) = 𝐶𝑇 𝑟𝑎𝑡𝑖𝑜/ 𝑉𝑇 𝑟𝑎𝑡𝑖𝑜 × 𝑋1 

= 0.275 × 46.664 

= 12.8326 ohm 

 
 

R0(sec) = 𝐶𝑇 𝑟𝑎𝑡𝑖𝑜/𝑉𝑇 𝑟𝑎𝑡𝑖𝑜 × 𝑅0 

= 0.275 × 40.873 

= 11.24 ohm 

 
 

X0(sec) = 𝐶𝑇 𝑟𝑎𝑡𝑖𝑜/𝑉𝑇 𝑟𝑎𝑡𝑖𝑜 × 𝑋0 

= 0.275 × 162.944 

= 44.81 ohm 

 

 

 
Secondary calculations: 

Rn = (𝑅0 – 𝑅1)/3 

= 11.24 – 1.204 / 3 

= 3.35 ohm 

 

Xn = (𝑋0 − 𝑋1)
)/3 

= 44.81 – 12.8326 /3 

= 10.66 ohm 

 
 

RFPEsec = 13.75. (1000/3636.36) × 50 

 
X1+Xn = 12.8326 + 10.66 

= 23.50 

 

R1+Rn = 1.204 + 3.35 

= 4.56 

 

∅= 𝑡𝑎𝑛1 (𝑋1/𝑅1) 

= tan-1 (12.83/1.204) 

= 84.64° 
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CREATING OPERATING CHARACTERISTICS 
 

Fig 6: QUADRILATERAL CHARACTERISTICS 

 

 

G. REVIEW 

 

To stop the unintended effects of a fault, power transmission lines can use a network-based impedance 

protection. an algorithm to find faults and decide whether they are within a certain distance of the transmission 

line. The impedance for zone 1 is limited to under 25 ohms. Relay will communicate that a fault has occurred 

in zone 1 if it detects a fault impedance below 25 ohms. The outputs of networks' reactions when faults 

occurred at various fault parameters. When a single line to ground fault occurs, the time signals for voltage 

and current courses that were utilized as input for fault classification are used. 

 

In-depth analysis was done on the issue of the measured impedance in long EHV transmission lines not being 

proportional to the fault distance. Due to CVT transients, the Zone 1 distance element does not overflow. 

Secure ways to shorten communications aided tripping schemes' total protection tripping times. This research 

discusses the use of an Ain and a categorized spectrum to enhance the performance of distance relays. They 

utilized Simulink while we use PCM 600 for simulation. While we are employing quadrilateral qualities, they 

had been using mho characteristics. When resistance is present, the relay's performance suffers. 

 

Distance protection components with series compensation have exceptional line impedance, which could lead 

to relay failure. Subharmonic oscillations and non-linearity of the line impedance are two issues caused by 

series compensationof transmission lines. The reported results are pertinent to how the distance relay behaves 

in fault conditions on a 400 kV series compensated line. The investigation is carried out in an industrial Dig 

silent Power setting. 
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To determine whether a problem is inside or outside the protection zone, the distance relay system integrates 

a distributed parameter line model based on steady-state transmission line equations. Experimental testing is 

carried out using an RTDS (real time dynamic system), which faithfully simulates a 645-km, 1000-kV UHV 

transmission line. 

 

When integrating distributed generation (DG) or dispersed resources, an electrical power system owner or 

management faces technical obstacles. With the addition of relatively significant volumes of generation to the 

distribution system, the historical setup tenets and present design presumptions may be in peril. 

 

The necessity for and complexity of additional safety and control systems increases when the total DG capacity 

inside a potential island approach or matches the load inside that island. It is also crucial to consider how DG 

availability and fault current capability evolve over time. Some of the key issues addressed and associated 

with DG on the distribution feeder include anti-islanding, transitory overvoltage’s under fault conditions, and 

loss of sensitivity of feeder over current management for long feeders. 

 

H. Components required 

 7SA522 Relay 
 DIGSI software 
 Omicron kit 
 Omicron software 
 Connecting wires 
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RESULT 
 
 

Advanced Distance-test report-2 

 

 
Test Object - Device Settings 

 
 
Substation/Bay: 

Substation: 7UT613 Substation address: 
 

Bay: 20MVA TRAFO Bay address: 

 
 

Device: 

Name/description: 7UT613 /20MVA TRAFO Manufacturer: Device type: 7SA522 Device address: Serial/model 

number: 

Additional info 1: 
 

Additional info 2: 

 
 

Nominal Values: 
 

f nom: 50.00 Hz Number of phases: 3 

V nom (secondary): 110.0 V V primary: 110.0 V 

I nom (secondary): 1.000 A I primary: 1.000 A 
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Residual Voltage/Current Factors: 
 

VLN / VN: 1.732 IN / I nom: 1.000 

VN (secondary): 36.67 V IN (secondary): 1.000 A 

Residual Voltage3 * V0 Residual Current Direction: -3 * I0 

Direction:    

 
 
Limits: 

V max: 120.0 V I max: 10.00 A 

 
 

Debounce/Deglitch Filters: 

Debounce time: 5.000 ms Deglitch time: 0.00 s 

 
 

Overload Detection: 

Suppression time: 50.00 ms 

 
 

Other Device Properties: 

Drop-out time: 20.00 ms 

 
 
 
 
 
 

Test Object - Other RIO Functions 
 

   

CB Configuration 
  

Description Name Value 

CB trip time CB trip time 50.00 ms 

CB close time CB close time 100.00 ms 

Times for 52a, 52b in percent of CB time 52a, 52b % of CB 20.00 % 

 
 

Test Object - Distance Settings 
 

    

System parameters: 
   

Line length: 1.000 Ω Line angle: 85.00 ° 

PT connection: at line CT starpoint: Dir. line 

Impedance

 correction 1A/I nom: 

no 
  

Impedances in primary 

values: 

no   

    

Tolerances: 
   

Tol. T rel.: 1.000 %   

Tol. T abs. +: 100.0 ms Tol. T abs. -: 100.0 ms 

Tol. Z rel.: 5.000 % Tol. Z abs.: 100.0 mΩ 
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Grounding factor: 

RE/RL: 2.000000 XE/XL: 0.830000 

Separate arc resistance: no   

 
 

 
Zone Settings: 
 

Label Type Fault loop Trip time Tol. T rel Tol. T abs+ Tol. T abs- Tol. Z rel. Tol. Z abs 

Z1 Tripping L-L 0.00 s 1.000 % 100.0 ms 100.0 ms 5.000 % 100.0 mΩ 

Z1 Tripping L-E 0.00 s 1.000 % 100.0 ms 100.0 ms 5.000 % 100.0 mΩ 

X/Ω 

 

12 

 

10 

 

8 

 

6 

 

4 

 

2 

 

0 

 

-2 

 

-4 

 

-6 

 
-7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 
 

 
R/Ω 
 
 

 
 

 
Linked XRIO References 
 

Reference Name Unit Value XRIO Path 

RIO.DEVICE.NOMINALVALUES.INOM In 1.00 A RIO/Device/Nominal Values/In 

RIO.DEVICE.NOMINALVALUES.VNO M V nom 110.00 V RIO/Device/Nominal Values/V nom 

 
Comment 
 

    

Test Module 
   

Name: OMICRON Advanced Distance Version: 4.31 

Test Start: 27-Apr-2023 16:11:08 Test End: 27-Apr-2023 16:11:37 

User Name: 
 

Manager: 
 

Company:    
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Test Settings 
 

    

Test model: 
   

Test model: Constant test voltage VTest: 20.00 V 

Allow reduction

 of ITest/VTest: 

Yes kS = kL: No 

ZS mag.: 0.00 Ω ZS angle: 0.00 ° 

kS mag.: 1.000 kS angle: 0.00 ° 

Fault Inception: 

Mode: Random Angle: n/a 

DC-offset: No   

 
    

Times: 
   

Prefault: 2.000 s Max. fault: 6.000 s 

Postfault: 500.0 ms Time reference: Fault inception 

 
    

Other: 
   

Extended zones: Not active Switch off at zero crossing: Yes 

Load current enabled: No Load current:: n/a 

 
    

Search Settings: 
   

Search res. rel.: 1.000 % Search res. abs.: 50.00 mΩ 

Ignore

 nominal characteristics: 

No 
  

Search interval: 200.0 mΩ   

 
 

Binary Inputs: 
 

Trigger Logic: OR 

 
Name Trigger State  

Trip 1 

Start X 

       

Binary Outputs: 
      

Name Fault
 inception 

Delay time 

Slope Trip Delay time Slope 

Ext. zones active n/a Open n/a Open 

 
Test Results 

Shot Test: Fault Type L1-E 
 

| Z | Phi % % of t nom t act. Dev. VTest Result 

8.000 Ω 60.00 ° n/a  0.00 s 15.90 ms 15.90 ms 20.00 V Passed 

11.45 Ω 36.28 ° n/a 0.00 s 16.30 ms 16.30 ms 20.00 V Passed 

8.000 Ω 27.05 ° n/a 0.00 s 16.20 ms 16.20 ms 20.00 V Passed 

6.337 Ω 140.00 ° n/a no trip no trip n/a 20.00 V Passed 

16.85 Ω 18.27 ° n/a no trip no trip n/a 20.00 V Passed 
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X/Ω 

 
 

12 

 

10 

 

8 

 

6 

 

4 

 

2 

 

0 

 

-2 

 

-4 

 

-6 

 

-7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5 
R/Ω 

 

 
Shot Details: 
 

Parameters:    

Fault Type: L1-E   

| Z |: 16.85 Ω Phi: 18.27 ° 

R: 16.00 Ω X: 5.281 Ω 

%: n/a % of: 
 

VTest: 20.00 V   

 
    

Results: 
   

t act.: n/a Assessment: Not tested 

t nom: no trip Dev.: n/a 

t min: no trip t max: no trip 

 
      

Fault Quantities (natural): 
 

Fault Quantities (symmetrical): 

VL1: 20.00 V 0.00 ° V0: 14.50 V 180.00 ° 

VL2: 63.51 V -120.00 ° V1: 49.01 V 0.00 ° 

VL3: 63.51 V 120.00 ° V2: 14.50 V 180.00 ° 

IL1: 408.5 mA -11.38 ° I0: 136.2 mA -11.38 ° 

IL2: 0.00 A n/a I1: 136.2 mA -11.38 ° 

IL3: 0.00 A n/a I2: 136.2 mA -11.38 ° 

VFault: 20.00 V 0.00 ° 
   

IFault: 408.5 mA -11.38 °    

 



TIJER || ISSN 2349-9249 || © May 2023 Volume 10, Issue 5 || www.tijer.org 

TIJER2305124 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org 37 
. 

 
 

Cursor Data 

 Time Signal Value 

Cursor 1 0.00 s <none> n/a 

Cursor 2 6.000 s <none> n/a 

C2 - C1 6.000 s  n/a 

 
 
 
 

CONCLUSION 

 

Transmission line ZONE-1 distance protection. Incremental quantities of voltages and currents from the local 

terminal where the relay is located is used as the input measurement. The study of basic faults that generally 

occur in transmission line of a power system and their protection scheme using the distance relay. Here an 

11kv transmission line is taken into consideration and a Simulink model is designed for the line by 

MATLAB/Simulink. 

The practical problems encountered in the application of distance protection in EHV long transmission lines 

were specified. The developed neural network is able to detect whether the pattern corresponds to fault or no-

fault condition. In addition to this, if there is a fault condition, network is also able to determine the zone of 

operation. 
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