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Annexture: SFRA measurment Procedure for
Transformer

1.0 Test Setup of SFRA Measurement :

The sweep frequency method for making FRA (SFRA) measurements, the wide range of required

frequencies is generated via a sweep of individual sinusoidal signals injected into one terminal.
" The magnitude of the excitation source remains constant for all frequencies used for the test.

An SFRA measurement is a simple measurement to make. Inject a voltage signal at one end of a

winding and measure the voltage response at the other end of the winding. Repeat the

measurement at many input frequencies and plot the results in dB (a ratio of output voltage to

input voltage). , :

The frequency response method is the ratio of the transmitted waveform to the applied low
voltage waveform, which varies with frequency. The impedance attenuates the input voltage
signal. A series of measurements are made to obtain the response at various frequencies.

SFRA plots are the ratio of the transmitted voltage waveform (V,y) to the applied voltage
waveform (Vi) in decibels (dBs). The response in dBs is calculated as 20Logo(Vou/Vin). The
basic circuit is described in Figure 1. A three lead system is used to measure both the input and
output voltages simuitaneously as well as apply the input signal. Fifty ohm coaxial test leads are
used to apply the input signal and measure V;, and V,, These impedances are matched to the
measurement hardware to minimize waveform distortions caused by reflections. This ensures .
good repeatability.

Vg i v, venl
sene Impedance, Z 'y

50 Q Coax

: 50 Q Cosax 50 2 Coax
S ! Lead
fgnat ke Reference Test
Measurement Measurement
Lead Lead —

Figure 1. SFRA Voltage Measurements



An SFRA test requires:
» avoltage input to a winding (the Signal)

o the voltage measured at the winding input (Reference)
s the voltage measured at the output from the winding (Test)

Any transformer under test should be completely isoiated from any high voltage source or power
system source. The transformer tank should be grounded.

Three leads are used:

» Excitation “source” (Yellow color)

¢ Specimen Input “reference” (Red color)
¢ Specimen Output “measure” (Black color)

An example of the connections for an H1-HO terminal measurement are given in Figure 2.

Black Lead Red Lead

attached to attached to

HE bushing / H1 Bushing .
B e ’

Safoty Ground,

Tast Lead Grounds should
attach to stud or bolt at base of

each bushing | | : \

Figure 2, Overview of SFRA Measurement Connections

The input voltage and the voltage measurements are made with respect to ground, usually
provided by the flange of the bushings under test, as shown in Figure 2.

2.0 Type of SFRA Measurement :

The SFRA test involves measuring the frequency responses of each individual winding. The
frequency response is measured by injecting a sine wave signal with respect to earth at one end
of winding to be tested and measuring the signal amplitudes there and at other end of the
winding. The attenuation (in dB) of the transmitted signal relative to reference signal at the input
terminal is measured over a frequency range from 20 Hz to 2 MHz.



2.1 Measurement of Open circuit SFRA plot of winding:

Open-circuit configurations are used to describe measurements made on a winding with all other
windings complete and floating. The Open Circuit test can be applied to both single phase and
three phase transformers. Open Circuit tests generally fall into § winding categories: High
Voltage, Low Voltage, Tertiary, Series, and Common. The Series and Common categories are
applied to auto-transformers as shown in Table 1 below.

TABLE 1 - OPEN CIRCUIT SFRA PLOT FOR AUTOTRAN SFORMER WITH
TERTIARY

Sr. Test winding
No.

_FRA connections

'Signai injected in"HV * bushing Terminal
- with respect to earth and measured at

1 HV — LV winding (HV-LV)_
Open circuit SFRA plot

HV terminals- H1,H2,H3,HO
LV terminals- X31,X2,X3,X0

“LV" bushing terminal with respect to -
| earth.

2 HV winding (HV-N) .Signal injected in "HV ™ bushing Terminal
Open circuit SFRA plot ‘with respect to earth and measured at "N”
-HV terminals- H1,H2,H3,HO0 | bushing terminal with respect to earth.

3 Common winding (LV-N) Signal injected in "LV " bushing Terminal
Open circuit SFRA plot with respect to earth and measured at “*N”
LV terminals- X1,X2,X3,X0 | bushing terminal with respect to earth.

4 | Tertiary winding (Tertiary1- Signal injected in “Tertiaryl * bushing

| Tertiary 2) ‘Terminal with respect to earth and ;

Open circuit SFRA plot measured at "Tertiary2” bushing terminal
Tertiary terminals- with respect to earth.’
Y1,Y2,Y3 ’

All other bushmgs were floating and not connected to ground during the mdnvndua!

measurement

2.2 Measurement of Short circuit SFRA plot of winding:

Short-circuit Self Admittance are used to describe measurements made on.a winding with one or
more windings shorted. The short circuit self admittance measurement is made from one end of a
high voltage winding to another while the low voltage winding is shorted. For repeatability
purposes, it is recommended that all low voltage windings are shorted on three phase
transformers to create a three phase equivalent short circuit model. Any available neutral
connections should not be included in the shorting process.The Short Circuit Self Admittance test
isolates the winding impedance from the core effects properties at or around the fundamental
power frequency. The Short Circuit results ‘should produce similar and comparable diagnostic
information as seen in both leakage reactance and DC winding resistance measurements. The
auto-transformers Short circuit SFRA measurment are shown in Table 2 below.



TABLE 2 -SHORT CIRCUIT SFRA PLOT AUTOTRANSFORMER WITH

winding)
Short circuit SFRA piot

TERTIARY
Sr. | Test winding FRA connections.
3 NO- a
1 HV winding Signal injected in “HV ™ bushing Terminal with
Short circuit SFRA piot respect to earth and measured at “N”
bushing terminal with respect to earth.
Terminal X1-X2-X3 shorted for the test.
2 HV winding Signal injected in “HV * bushing Terminal with
Short circuit SFRA plot respect to earth and measured at “*N”
bushing terminal with respect to earth.
Terminal Y1-Y2-Y3 shorted for the test.
3 LV winding (Common Signal injected in "LV ™ bushing Terminal with

respect to earth and measured at *“N”
bushing terminal with respect to earth.

.| Terminal Y1-Y2-Y3 shorted for the test.

» Al other bushings were floating and not connected to ground during the individual

measurement.

3.0 SFRA Test Configuratidris:

. All wmdlngs of the transformer should be tested as per the test confi guratlon tables shown below
_forvarious Type of Transformers. The tables are as follows:

TABLE 3 - TWO WINDING TRANSFORMERS .
TABLE 4 - AUTOTRANSFORMER W/O TERTIARY
TABLE 5 - AUTOTRANSFORMER WITH TERTIARY
TABLE 6 - THREE WINDING TRANSFORMER

TABLE 3 - TWO WINDING TRANSFORMERS

Test Type Test # 3 AY . |39 Y-Ar [30A-A |3pY-Y

. ) Group2 | Group2 | Group1 | Group 1

-,9=?>30° : 6=:>30° 1 8=0° 8= 0°
: »‘ LAG - ' |LAG .° L

HV Open Circuit {(OC) Test 1 ‘H1-H3- "; i H1-HO: H1-H3 ‘H1-HO H1-H2
Self Admittance . Test 2 H2-Hi i H2-HO - | H2-HI H2-HO | (HI:HO)
Terminals Floating . Test 3 H3-H2 | { H3-HO ‘'] H3-H2 H3-HO -
LV Open Circuit'(OC) Test 4 X1-X0 ] X1-X2 X1-X3 X1-X0 XI-XZ
Self Admittance ° Test 5 X2-X0 . | X2-X3 ¢} X2-X1 X2-X0 {X1-X0)
Terminals Floating Test 6 X3-X0 . | X3-X1 | X3-X2 X3-X0 D
Short Circuit (SC) Test 7 ‘Hi-H3--' { HI-HO | H1-H3 H1-HO0 Hi-HO
Self Admittance Test 8 H2-H1 | H2-H0 . { H2-HI H2-HO SHort




Short [X1-X2-X37* Test 9 H3-H2 H3-HO H3-H2 H3-HO [X1-X27*
Inter-Winding (IW) Test 10 | H1-X1 H1-X1 H1-X1 Hi-X1 H1-X1
Inter-Winding Admittance Test 11 H2-X2 H2-X2 H2-X2 H2-X2

All Terminals Float Test 12 | H3-X3 H3-X3 H3-X3 H3-X3

Transfer Admittance (TA) Test 13| HI-X1 Hi-X1 H1-X1 HI1-X1 H1-X1
High (H) to Low (L) Test 14 | H2-X2 H2-X2 H2-X2 H2-X2 Ground
Ground (H- and X-) Test 15 | H3-X3 H3-X3 | H3-X3 H3-X3 [H2, X2]

*Indicates short circuit tests: terminals are shorted together. The neutral is not iricluded for 3¢ Wye

connections, but may be included for 1¢ test connections.

TABLE 4 - AUTOTRANSFORMER W/O TERTIARY

"| Test Type Test # 3¢ 1¢

Series Winding (OC) Test | Hi-X1 H1-X1
All Other Terminals Floating Test 2 H2-X2

Test 3 H3-X3 .
Common Winding (OC) Test 4 X1-HOX0 X1-H0X0
All Other Terminals Floating Test 5 X2-H0X0 '

: Test 6 X3-H0X0

Short Circuit (SC) Test 7 HI-HOX0 -H1-HOX0
High (H) to Low (L) Test 8 H2-HOX0 Short
Short [X1-X2-X3]* Test9 H3-HOX0 | [X1-HOX0]*
Transfer Admittance (TA) Test 10 H1-X1 . H1-X1
High (H) to Low (L) Test 11 H2-X2 Ground
Ground (H0OX0) Test 12 H3-X3 [HOX0]

TABLE 5 - AUTOTRANSFORMER WITH TERTIARY

* Indicates short circuit tests: terminals are shorted together. The neutral is not included for 3¢ Wye
connections, but may be included for 1¢ test connections.

Test Type

Test # 3¢ 1
Series Winding (OC) Test 1 H1-X1 H1-X1
All Other Terminals Floating Test 2 H2-X2 )
: Test 3 H3-X3
Common Winding (OC) Test 4 X1-H0X0 X1-H0X0
All Other Terminals Floating Test 5 X2-H0X0
' Test 6 X3-HOX0
Tertiary Winding (OC) Test 7 Y1-Y3 Y1-Y2
All Other Terminals Fioating Test 8 Y2-Y1 (Y1-Y0)
Test 9 Y3-Y2

Short Circuit (SC) Test 10 H1-H0X0 H1-H0X0
High (H) to Low (L) - Test 11 H2-HOX0 Short
Short [X1-X2-X3}1* Test 12 | H3-HOX0 [X1-HOX0}*

' Short Circuit (8C) Test 13 H1-H0X0 H1-HO0X0
High (H) to Tertiary (Y) Test 14 H2-HOX0 Short
Short [Y1-Y2-Y3]* ~Test 15 . | H3-HOXO0 [Y1-Y2}*
Short Circuit (SC) Test 16 X1-H0X0 X1-H0X0
Low (L) to Tertiary (Y) - Test 17 X2-H0X0 Short
Short [Y1-Y2-Y3}* ‘ Test 18§ | X3-HOX0 [Y1-Y2]*
Inter-Winding (IW) Test 19 H1-Y1 Hi-Y1

. - 2 :




High (H) to Tertiary (Y) Test 20 H2-Y2

All Terminals Float Test 21 H3-Y3

Inter-Winding (IW) Test22 | X1-Y1 X1-Y1

Low (L) to Tertiary (Y) Test 23 X2-Y2

All Terminals Float Test24 | X3-Y3

Transfer Admittance (TA) Test25 | HI-XI Hi1-X1
High (H) to Low (L) Test 26 H2-X2 Ground
Ground (H0X0) Test27 | H3-X3 [HOX0]
Transfer Admittance (TA) Test 28 H1-Y1 H1-Y1’
High (H) to Tertiary (Y) Test 29 H2-Y2 Ground.
Ground (H0X0 and Y-) Test 30 | H3-Y3 [HOX0, Y2]
Transfer Admittance (TA) Test 31 X1-Y1 X1-¥Y1

Low (L) to Tertiary (Y) Test 32 X2-Y2 Ground
Ground (HOX0 and Y-) Test 33 X3-Y3 [HOX0, Y2]

* Indicates short circuit tests: terminals are shorted together. The neutral is not included for 3¢ Wye

connections, but may be included for 14 test connections.

TABLE 6 - THREE WINDING TRANSFORMER

X2-Y2

Test Type Test # 3¢ 30 3¢ 3¢ 1¢
' : A-A-A | AAY | AY-A | AYSY
Group 1 | Group2 | Group 2 | Group 2
6=0° [6=30°06=30°]6=30°
: | LAG LAG LAG -
HV Open Circuit (OC) Test 1  HI-H3 | HI-H3 | HI-H3 | HI-H3 | HI-H2
All Other Terminals Floating | Test 2 H2-H1 H2-H1 | H2-HI H2-H1 (H1-HO)
Test3 H3-H2 | H3-H2 | H3-H2 | H3-H2
LV Open Circuit (OC) Test 4 X1-X3 [ X1-X3 | X1-X0 |XI-X0 | XI-X2
All Other Terminals Floating | Test 5 X2-X1- 1 X2-X1 1X2-X0 | X2-X0 | (X1-X0)
) Test 6 X3-X2 | X3-X2 | X3-X0 | X3-X0
Tert Open Circuit (OC) Test 7 1Y1-Y3 | YI-YO0 | YI-Y3 [ YI-YO |YL-Y2
|- All Other Terminals Floating | Test 8 Y2-Y1 [ Y2-Y0 | Y2-YD [ Y2-YO |(YI-YO)
: Test 9 1.Y3-Y2 Y3-Y0 Y3-Y2 Y3-Y0
Short Circuit (S8C) Test 10 "HI-H3 | H1-H3 | H1-H3 | H1-H3 | H1-HO
High (H) to Low (L) Test 11 (H2-H1 | H2-H1 | H2-H1 | H2-H! | Short
Short [X1-X2-X3]* Test 12 H3-H2 | H3-H2 |H3-H2 |H3-H2 | [XI-X2J*
Short Circuit (SC) Test 13 HI-H3 | HI-H3 | HI-H3 | HI-H3 | HI-HO -
High (H) to Tertiary (T) Test14  |'H2-H1 | H2-H1 | H2-H1 | H2-H1 | Short
Short [Y1-Y2-Y3]* Test15  ['H3-H2 | H3-H2 | H3-H2 | H3-H2 | [Y1-Y2}*
Shoit Circuit (SC) Test16 | 'X1-X3 [ X1-X3 [ X1-X0 [ X1-X0 | Xi-X0
Low (L) to Tertiary (T) Test 17 X2-X1 X2-X1 X2-X0 X2-X0 Short
Short [Y1-Y2-Y3]* Test 18 | X3-X2_ | X3-X2 | X3-X0 | X3-X0 | [Y1-Y2]*
Inter-Winding (IW) Test 19 HI-X1 | HI-X1 jHI-X1 | HI-X1 | HI-X1
High (H) to Low (L) Test 20 ‘H2-X2 | H2-X2 | H2-X2 | H2-X2
All Terminals Float Test 21 H3-X3 | H3-X3 | H3-X3 | H3-X3
Initer-Winding (IW) Test 22 H1-¥1 | H1-¥Y1 | H1-Y1 | HI-Yl [ HI-Y1
High (H) to Tertiary (T) - Test 23 H2-Y2 | H2-Y2 | H2-Y2 |H2Y2
All Terminals Float Test24  ['H3-Y3 | H3-Y3 |H3-Y3 | H3-Y3
Inter-Winding (IW) Test 25 iX1-Y1 | X1-Y1 | X1-Y1 | X1-YD | X1-Y1
Test 26 TX2-Y2 | X2-Y2 | X2-Y2

Low-(L) to Tertiary (T)




All Terminals Float Test 27 X3-Y3 | X3-¥3 | X3-Y3 | X3-Y3

Transfer Admittance (TA) Test 28 Hi-X1 | HI-X1 | HI-X1 H1-X1 H1-X1
High (H) to Low (L) Test 29 H2-X2 | H2-X2 | H2-X2 | H2-X2 | Ground
Ground (H- and X-) Test 30 H3-X3 | H3-X3 | H3-X3 | H3-X3 |[H2 X2]
Transfer Admittance (TA) Test 31 Hi-Y1 H1-Y1 HI-Y1 [ Hi-Y1 H1-Y1
High (H) to Tertiary (T) Test 32 H2-Y2 ‘| H2-Y2 | H2-Y2 | H2-Y2 | Ground
Ground (H- and Y-) Test 33 H3-Y3 | H3-Y3 | H3-Y3 | H3-Y3 |[H2 Y2]
Transfer Admittance (TA) Test 34 X1-Y1 X1-Y1 X1-Y1 X1-Y1 X1-Y1
Low (L) to Tertiary (T) Test 35 X2-Y2 X2-Y2 | X2-Y2 X2-Y2 Ground
Ground (X~ and Y-) Test 36 X3-Y3 | X3-Y3 | X3-Y3 | X3-Y3 |IX2 Y2]

* Indicates short circuit tests: terminals are shorted together. The neutral is not included for 3¢ Wye

connections, but may be included for 1 test connections.




4.0

Test data records

A number of different elements of a particular test need to be recorded - these ensure that the same test set

up is possible on subsequent tests, and with respect to tests on other transformers. The Test data recorded
for a sample SFRA plot in Figure 3 is shown in Figure 4
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Figure 3.: Open Circuit SFRA Plot
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Figure 4.: Measured parameter of Open Circuit SFRA Plot



