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ECE 525: Session 8; Page 1/2
Power Systems Protection and Relaying Fall 2018

ECE 525: Homework #2
Due Session 11 (September 25)

250WH

1. Recommend an appropriate CTR ratio for CT's connected at the terminals of a synghronous
generator rated as follows: Prated = 500 MW, pfiated = 0.8, ViatediL = 22 KV, X/R 5 40. The |
maximum available fault current is for a three phase fault, with a current level of kA.

Assume 5A secondary currents, and steps in primary side CT current ratings of 500 A for the
range in question (so for example, ratios go up as 3000/5, 3500/5, on up).

2. You need to determine the C-class rating for 2000/5 CTs applied on a transmission system. The
X/R ratio for the fault impedance for the worst case fault seen by the CTs is 8. The CTs have a
winding resistance of 0.0030 ohms/turn, relay is connected to the CT by 2500 feet of number
10 AWG, and the relay burden is SOm¢2. The magnitude of the impedance of the lead wire can
be calculated using the formula below. A typical angle of the impedance of the lead wire is about
12-15 degrees (so highly resistive). For this problem you just need to use the magnitude.

e Recall that for 3 phase faults, you only need one length of lead wire, but for SLG and LL
faults you need to include two lengths in lead resistance calculations

0.232-Gauge—2.32

R AWG_ wire = in ohm/1 0001t

(a) Determine the C-class to never saturate if the decaying DC offset is neglected and the

maximum fault current is 21000A (assume the worst case fault is SLG). Verify with the
Mathcad CT model from class. e i e RS

(b) Determine the C-class to never saturate with the decaying DC offset included and the

maximum fault current is 21000A (assume you can go up to very high knee voltages). Again,
verify with the Mathcad CT model from class.

(¢) You are limited to using a 800 CT. Determine how long it will take the CT to saturate under
the conditions of part (b). Again, verify with the Mathcad CT model.

(d) Repeat parts (a)-(c) for a 3 phase fault of 27000 A with the same burden and X/R ratio.
P e i

3. Repeat problem 2. except with an X/R ratio of 35, and a fault current of 12000 A for a
SI.G fault and a 3 phase fault of 15000 A.

Continued on page 2
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4. Suppose the CT with the characteristic described below is carrying 1128 A primary and is using
a 1200/5 secondary tap and a resistive burden of 4 ohms. Neglecting the core loss resistance of
the CT, @alculate the approximate initial voltage that would result across the CT secondaries
if the CT Secondary is accidentally opened (2) calculate the approximate final voltage it would
reach if the insulation survives the initial overvoltage. Explain where the current is flowing.

ORIGIN := 1

CT Data: C600 class, 1200/5 Full ratio: Ntull = 1—250—0 Nt = 240

CT Excitation Curve TAPS

001 0.09 240

04 90 200

1 428 | 180

12 520 160

excitation := | .14 600 § 5 120

2 700 100

3 780 80

4 800 60

40 927 40

20
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Voltage Transformers

Overview

VT and CVT construction
VT and CVT equivalent circuit
What is CVT transient?

e ——

Why do CVT transients cause distance
relay overreach?

What determines CVT transient?

\What are some solutions?




KT8l v

oyep|oAIstaniun —



Wy

AN AN

Inductive VT / PT

Construction
Typically for 175 kV — 24 kV

Capacitor Voltage

Transformer
132 kV and Upwards
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CVT Structure

line voltage
Y —
Cy ——
L ferroresonance-suppression
A == ] n:1 FifCU_iL

* compensating reactor (
\) relay voltage
r \\\A' Cz 5 step-down I ¥ g
transformer \ T
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Ferroresonance-Suppression Circuits
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3 relay voltage z relay voltage
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CVT Model for Analysis
c\

Ce A Z, ZTrer n?ZTRFR,
T i A
Ib+Im
E2 Im l n2ZB nEZ
l B | | v
Phasor Diagram for CVT

At Unity Power Factor

(1b+1m).(zl‘+z”ﬁ'l) "\.I\([b +1m)‘ZC2
N e A

2
""""" ¢ ‘/‘ 1y Ztrfi

\ } nV,




L4 \4/1\4

orrection Factor

Ratio ¢

1.004

1.003

1.001

1.000

0.999

0.998

0.997

0.996

0.995

Farben Diagrams

-20 -15 -10 -5 0 5

Phase Angle in Minutes

10

15 20

CVT and Distance Element
Evaluation System

Power
System
Model

fox

—]

" Model

vy

Distance
Relay
Model
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Power System Model

SourceZ <V Line Z
—
Source @ C“T | ; H Load Z
vV | Rf

Microprocessor Relay Model

N

V,_|>Anti-A|iasing__’Decimation_> Digital | | Impedance | £
Filtering (A/D) Filtering Calculation
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CVT Transient at Voltage Zero

100

ﬂ

80
® f \ >I<CVT Transient |
40
R Y S NV ¥ A N
b o X AN LN N
20k
Ratio Voltage
40
-60
-80
100 1 3
Time (cycle)

Voltage (volt)
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CVT Transient Reduces Fundamental

Voltage Component

— o C

100 I

] /\ /\ [ cvT Tran_sienty
§ o\ ....... /\j

| Ratio Voltage |

DY/ e

1092 -1 0 : ; 3 4
- [ Ratio Voltage |

£ \ |

S V.

I | I
2 | CVT Transient |

91 156 2 I 35 4

2.5
Tima (cycle)

Reduced Fundamental Voltage

Decreases Fault Impedance Calculation

25

15F

X-ohm

051

l Without CVT Transient |

e ﬁvnh CVT Transient
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CVT Components Affect CVT Transient

e Coupling capacitors (stack capacitance),
magnitude of the tap

e Excitation current of the intermediate
transformer

e Turns ratio of the intermediate voltage
magnetic transformer

e Ferroresonance-suppression circuits

Y4 uﬂ“‘*\w

High-C CVT Causes Less Transient

10
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CVT Model With Active

Ferro-Suppression Circuit
Used for Transient Studies

CVT Model With Passive

Ferro-Suppression Circuit
Used for Transient Analysis
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High- and Low-C CVT Comparison
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Active Suppression Circuit Aggravates
CVT Transient

| Passive CVT ]
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L. \7/
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Frequery[y Response of CVT
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