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Case Study of Non-Operation of Protective Relay
due to VT Neutral Grounding Separation
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Abstract The instrument transformer (VT: Voltage Transformer, less than VT) precisely transforms the
system voltage to check the state of a system and plays an essential role in enabling the protective relay
to operate when an accident occurs. In this study, the measured voltage and the operation of the
overvoltage grounded relay(OVGR, relay number 64, less than OVGR) when the VT primary side neutral
point was disconnected or connected were tested with the characteristic test equipment and in the
actual field. As for the test result, when the VT primary side neutral point was grounded, the value was
measured according to the expected mechanism for both normal and ground fault conditions, and the
protective relay operated. Second, when the neutral ground was disconnected, the voltage of the ground
fault phase did not become 0 V under the ground fault condition, and a similar voltage as in the normal
condition was measured. A zero voltage was hardly detected. In conclusion, when the VT primary side
neutral point is disconnected, the system measurement is inaccurate in the event of a ground fault,
making it impossible to recognize the system state accurately, and it was found that the protective relay

malfunctioned due to the difficulty in detecting the zero voltage.
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Fig. 1. OVGR Protection using Ungrounded System
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Fig. 2. Grounding of VT Neutral Point in Normal
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Fig. 3. Non-grounding of VT Neutral Point in Normal
Condition
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Fig. 4. Grounding of VT Neutral Point in Ground
Fault Condition
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Table 1. VT CTE Specifications

NO Subject Specification or Use

MAIN
Circuit Breaker

o 4P ELB 50 A

3 Phase D-Yn 10 kVA,

[2) 3 Phase Transformer 380 / 380~220 V

Instrument
® Transformer(VT) 380/ \/§ £ 190/ \/5
Py Grounding Voltage 380/ \/5 190/ \/37 190/3
Transformer(GVT) : :
® Current Limit 25 Q2 / 400 W, 50 2 /
Resistor(CLR) 400 W, 437 Q / 400 W
(a) Grounded (Normal) (b) Ungrounded (Normal) G ol T
round Fault Test
c e Circuit Breaker 2P ELB 32 A
@ Power Quality Analysis For Voltage and Phase
Equipment measurement

For Detecting Zero
8] Clamp Voltage, Measuring
Ground Fault Current

Ground Fault

(c) Grounded (d) Ungrounded (T sl 08 ]
(Ground Fault) (Ground Fault) S < 1) Nl

Fig. 6. Ungrounded System VT Primary Vector Diagram
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Table 2. VT CTE Line-to-Line Voltage by System
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(b) Wiring Diagram of Ungrounded System VT CTE

Fig. 9. Configuration of Ungrounded System VT CTE
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Fig. 10. Ungrounded System VT CTE Power Quality

Analysis
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Fig. 11. Ungrounded System VT CTE Zero Voltage

Table 3. Ungrounded System VT CTE Result Data

. VT Pri. .
Division Voltage Analysis
A Phase | 62.800 V
Nor | B Phase | 63.372 V
mal C Phase 63.337 V. |1. Change of Vo
Vo 163V | 163 =540V
Groznd 2. Change of Ground
€ A Phase | 0.000 V. |paylt Phase Voltage
Ground| B Phase | 109.440 V | 62.8 =00V
Fault | ¢ Phase | 109.006 V
Vo 54.0 V
A Phase | 62.837 V
Nor | B Phase | 63.356 V
mal | C Phase 63.304 V1. Change of Vo
Vo 1.60 V 1.60 — 1.60 V
Uni‘;gu 2. Change of Ground
n A Phase | 62.860 V Fault Phase Voltage
Ground| B Phase | 63.353 V | 62.8 — 628 V
Fault | ¢ Phase | 63.412 V
Vo 1.60 V
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Fig. 12. Ungrounded System Field Test Configuration
Wiring Diagram

Table 4. Actual Field Line-to-Line Voltage by System
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Fig. 13. Photo of Forced Earth Fault Field Test
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(a) Field VT Primary Neutral Grounded

Div. Magnitude
Va 0.0V

Vb 4519 V
Ve 4535 V
Vab 452.0 V
Vbe 4553 V
Vca 4535V
Vo 3379 V

(b) Field Protective Relay Measurements

Fig. 14. VT Neutral Grounded Field Test Results

(a) Field VT Primary Neutral Ungrounded

W oW e
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(b) Field Protective Relay Measurements

Fig. 15. VT Neutral Ungrounded Field Test Results
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Table 5. Ungrounded System 1-Line Ground Fault
VT CTE Test Result & Field Test Result

Data

VT CTE Field
Division (380/v3 : (440/V'3 =
190/v3) 190/v3)

A Phase 0.000 V 0.0V

B Phase 109.440 V 4519 V

Grounded

C Phase 109.006 V 4535V

Vo 54.0 V 3379 V

A Phase 62.860 V 250.4 V

Un B Phase 63.353 V 268.0 V
grounded C Phase 63.412 V 2717 V
Vo 1.60 V 15.7 V
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