DIAGNOSTICS

ABSTRACT

This article deals with interturn fault
detection in the transformer winding,
inter-turn fault which occurs due to insu-
lation degradation between one or more
sequential turns of the winding. If the
fault is not detected at the earliest stage,
it propagates to the nearby turns of the
winding during certain period of time
and it causes irreversible damage to the

winding. Therefore, it is necessary to
detect inter-turn fault to save the trans-
former from catastrophic failure.
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An inter-turn fault is one of the Ieadmg caus- |

es of power transformer failures; it can‘be

| ¢ _detected using sweep frequency response
analysis

1. Case studies - Detection of  Which corresponds to a short circuit of ~winding and a schematic diagram of sing-
fault in layer windings using 50 turns. Fig. 1a and 1b show single-layer  le-layer winding.

SFRA

Frequency response analysis can be extend-
ed to single and multi-layer windings. At
the same time, the fault factor characteris-
tics are obtained for different fault percent-
ages.
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1.1. Detection of fault in single-layer
winding - measurement results

Layer Winding
with tappings
Sweep frequency response analysis
(SFRA) is performed on a single-layer
1000-turn winding from 10 Hz to 25
MHz. This winding has 20 sections where
each section consists of 50 turns. Tappings
were available at each section end in order
to create inter-layer fault. For instance, 5 %
fault is created by shortening one section, Figure 1a. Single-layer winding  Figure 1b. Schematic diagram
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Figure 2. Impedance characteristics for healthy winding and 5 %, 10 % and 20 % faults at different locations along the single-layer winding

Sweep frequency response analysis is
performed from 10 Hz to 25 MHz

Fig. 2 shows the measured impedance
characteristics for healthy winding and
5 %, 10 % and 20 % faults at different lo-
cations along the winding. The first reso-
nant frequency of the healthy winding is
fin= 40.738 kHz. The impedance charac-

teristic shows a reduction in the impe-
dance at this frequency depending on the
location of the fault.

Fig. 3 shows the fault factor characteristics
for 5 %, 10 % and 20 % of inter-turn fault

in the winding. The curve shifts upwards
as the percentage of fault decreases. This
curve is symmetrical with respect to
the centre of the winding section and
provides reliable information about fault
detection.

1.2. Detection of fault in multi-layer
winding - measurement results

SFRA is performed on the multi-layer
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Figure 3. Fault factor for 5 %, 10 %, 20 % faults vs layer sections for different percentage of faults at different locations
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» Multi Layer Winding
Wound on One Limb

Figure 4a. 10 section multi-layer winding

windings with 10 layers from 10 Hz to
25 MHz. Eachlayer consists of 200 turns.
Tappings were brought out at every sec-
tion in order to create inter-layer short
circuit faults. For instance, 10 % inter-
layer faultis created by shortening 2 con-
secutive layers in a multi-layer winding.
Fig. 4a and 4b show the 10 section
multi-layer winding and schematic
diagram of the 10 section multi-layer
winding.

Figure 4b. Multi-layer winding schematic diagram

Fault factor is a ratio of the impedances of
faulty and healthy winding at the first reso-
nant frequency of the winding; it is a quan-
tity used for the inter-turn fault detection

The sweep frequency response of the characteristics for healthy and 10 %, 20 %
winding changes depends on the extent and 30 % inter-layer faults along the first
of the fault. Fig. 5 shows the impedance  section in the winding.
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Figure 5. Impedance characteristics for healthy and percentage of faults along the multi-layer winding
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——8.33% Fault with Grounded Tank,Grounded inner core and SER on top of winding
—+—8.33% Fault without Tank and Static End Ring
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Figure 8. Fault factor vs winding disc or sections for 8.33 % inter-turn fault in continuous disc winding in the presence and absence of SER and tank
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Figure 9. Fault factor vs winding disc or sections for 4.44 % inter-turn fault in continuous disc winding in the presence and absence of SER and tank

Toimprovethetransientvoltagedistribution
alongthewinding,itisnecessarytomakethe
initial voltage distribution constant (a) as
low as possible; one way of accomplishing
this is to increase the series capacitance
by providing SER at the line terminal of the

transformer winding

« From the fault factor characteristics, it
is inferred that the characteristics move
downwards as the percentage of inter-
turn faults increases.

+ An effect of the SER and tank on the

104

detection of fault is introduced and the
fault factor characteristics are obtained
in the presence and absence of a SER
and grounded tank.

« The absolute difference between the

fault factor characteristics in the pres-
ence and absence of the SER and tank
isaround 0.013 for different percentage
of faults.

Efficacy of the developed methodology is
validated under practical cases which in-
volve the SER, grounded inner core and
grounded tank.

Frequency response analysis of a healthy
winding and faulty winding at first reso-
nance frequency is required to detect the
inter-turn fault in the winding by measur-
ing impedance over the wide frequency
range. Also, the presence of SER, ground-
ed tank housing and grounded inner core
is included in the measurement to check
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~-2.22% Fault with Grounded Tank,Grounded inner core and SER on top of winding
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Figure 10. Fault factor vs winding disc or sections for 2.22 % inter-turn fault in continuous disc winding in the presence and absence of SER and tank

the influence of the winding distributed  Conclusion ing and layer windings are developed by
parameters on the detection of the fault. using sweep frequency response anal-
The corresponding flow chart for detec-  The methods for the detection of the in-  ysis through the transformer winding
tion of fault is shown in Fig. 11. ter-turn fault in a continuous disc wind-  circuit modelling and impedance mea-
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Determination of efficacy of proposed methodology under practical conditions

Figure 11. Flow chart for detection of a fault in the presence and absence of grounded tank grounded inner core and SER
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Efficacy of the SFRA methodology is validated under practical cases
which involve the SER, grounded inner core and grounded tank for dif-
ferent types of transformer windings

surement over a wide frequency range.

The proposed methodology provides a
better insight into the detection of the
fault in the winding through fault fac-
tor characteristics. Also, the effect of the
grounded inner core, grounded tank and
SER on top of the winding is included in
the existing measurement setup to check
the influence of the winding distributed
parameters, such as shunt and series capa-
citances, on the detection of the fault.
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