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UHYV Transformer Protection Based on Equivalent Circuit Equation and Excitation Inductance
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ABSTRACT: The performance of ultra-high voltage (UHV)
transformer differential protection based on harmonic
restraining method is seriously influenced by harmonics and its
operation time is long. Aiming to solve this problem, this paper
presented a novel protective scheme based on equivalent circuit
model of transformer for UHV three-phase divided tank
transformer. This paper established a T-type equivalent circuit
model of transformer with its parameters calculated on-time.
This model is not affected by transformer’s operation states,
and its parameters can be uniquely determined. It proposed a
transformer protection criterion, which was based on the
balanced transformer equivalent circuit model equation and the
variation of instantaneously measured equivalent excitation
inductance. With Matlab simulation tool, this paper established
a model according to the parameters of the first UHV power
transmission system in China, simulated such situations as
energizing, external faults, internal faults, normal operation in
the model, and testified the feasibility of the proposed
transformer protection in UHV transmission systems. The
performance of the protection scheme is not affected by inrush
currents, and the protection can operate quickly and has high

sensitivity.

KEY WORDS: UHV transformer protection; inrush current;
parameter identification; equivalent circuit equation; equivalent

excitation inductance
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Fig.1 N windings model for transformer
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Fig. 5 Transformer protection tripping logic

based on parameter identification theory
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Tab. 1 Values of transformer protection criteria in various cases
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The algorithms, which use the ratio of harmonic
of
differential currents to identify magnetizing inrush,

components or unsymmetrical waveform
are widely used in digital protective relays for
transformers. However, when there is an inrush
current, the ratio of second harmonic components may
be less than 10% and the protection may mal-operate.
The tripping speed may be slow in a severe inner fault
due to harmonic restraining. The algorithms based on
transformer models do not rely on the presence of
harmonic components to identify magnetizing inrush
and have further advantages. This paper introduces a
new model based transformer protection algorithm.
The algorithm is sensitive to slight turn-to-turn faults
fast  tripping

less-than-half-cycle faults detecting time. It dose not

and has speed due to its
rely on harmonic components to identify inrush.

The parameters estimated by the recursive
on-line least-squares identification algorithm (OLSIA)
in real time can be substituted into different phase
circuit equations to form error functions (J function,
unbalanced output of T-type equivalent circuit
equations). Taking phase A as an example, the error

function is given by (1):

x, dif
8=ty —thyy —tjy +tg — - —
w dt
d@ , —i, +1)
Rh(ihA — Iy _il'A)+Lh0' (hA o IA) M
dr
If the average value XJ>Xo4(criteria of the
measured magnetizing inductance), the fault is

identified as a heavy internal fault and the protective
relay issues trip command. A counter of Dy is adopted
to reflect the dots of “significant rate of change” for
the inductance L. If |Ly(k+1)-Ly(k)>dLizp|, Dy is

520

increased by 1. If Equ. (2) is satisfied, turn-to-turn

fault is classified.
N/2

2
— L (k)|<L
N;I (k)| <Ly

D <D,

2

The logic of the algorithm is described as Fig.1.

evere terminals faults

0>0,4
Trip
> >
Slight
& turn-to-turn
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Fig. 1 Transformer protection tripping

logic based on OLSIA

The of UHV
transmission system established with Matlab\Simulink

simulation  system power

is shown as Fig.2.
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Fig.2 UHV power transmission system model

Various system conditions are simulated.
Simulation study shows that, the algorithm can use
protective criteria of the measured magnetizing
inductance to detect slight turn-to-turn faults (the
minimum turn-to-turn fault is about 2.2%); while
unbalanced output of T-type equivalent

equations are used to detect severe internal faults,

circuit

such as single phase to ground, phase to phase fault,
and the two criteria are reliably blocked during such
conditions as energizing, external faults and normal
operation. Extensive simulation results validate the
proposed model and algorithm, and their feasibility
for field applications.



