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Starkstrom-Geratebau GmbH

Test lab cast resin transformers

Christopher Kammermeier GTTP

Document No.: 02.04.80-11.006 Rev J on 20.12.2022

1. Scope

This is a general test description for dry-type transformers at SGB and will apply if no specific customer
requirements are given for the individual tests.

Special customer standards or values are not included in this description.

If not indicated, the description is exemplary for a three-phase transformer with two winding systems.
Auxiliary parts of the transformer are also not included, except as indicated e.g., temperature sensors.

The scope of this chapter describes “special” tests, this means the standard does not require these tests (see

IEC 60076-1:2011 chapter 3.11.3).
They are carried out only upon customer request (if applicable).

—_—

Page 5 of 46



d‘) SGB

Your dedicated partner
of the SGB-SMIT Group

2. Standards

Part 11: Dry-type transformers
IEC 60076-11:2018

Replacement for
DIN EN 60726
(VDE 0532-726):2003-10

with reference to:

IEC 60076-1:2011 Power transformers - General

IEC 60076-3:2013 Insulation levels, dielectric tests and external clearances in air

IEC 60076-10:2016 Determination of sound levels

IEC 60076-16:2011 Transformers for wind turbine application

IEC 60076-18:2012 Measurement of frequency response

IEC 60060-1:2010 High voltage test techniques — General definitions and test requirements

—_—
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3. Lightning impulse test

The lightning impulse voltage test with chopped waves or neutral impulse test is described in the “Test
description for dry-type-transformers for type tests”.

—_—
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4. Sound level measurement

4.1. Standard
IEC 60076-11:2018 clause 14.4.2 // part 10

4.2. Aim
Determination of the guaranteed sound level values e.g.:
> Lep sound pressure level (A-weighted)

Lp = ten times the logarithm to the base 10 of the ratio of the square of the r.m.s. sound pressure to the square
of the reference sound pressure (p0 = 20 = 107% Pq).

pZ
Lp =10 * log—
p * log

formula 1: calculation of Lp

> Lwa sound power level (A-weighted)

Lw = ten times the logarithm to the base 10 of the ratio of a given r.m.s. sound power to the reference sound
power (w0 = 1% 10712 /).

w
Lw =10 * logW
0

formula 2: calculation of Lw

—_—
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4.3. Theoretical principal
Basically, a measurement at no-load and load is possible.

Due to the sizes of our transformers, the noise level measurement in loaded operation is not performed as it
has no significant influence.

Usually we perform this measurement as:

Measurement of A-weighted sound level by sound pressure method at no load
(based on IEC 60076-10:2016)

This means:

» We only measure a sound pressure
A sound power will be calculated using the measured sound pressure
We measure in an A-weighted sound spectrum (see picture below)
We only measure in no-load (excitation) condition

It’s based on standard because we do not use correction factors for the recorded values (the
measurement result would be lower).
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picture 1: sound level meter response characteristics for the A, B, and C weighting
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4.4. Measurement

The measurement of the sound level is made using the same test setup as for the no-load measurement
(chapter for routine tests, clause (6)). It is carried out with the rated voltage Urand the rated frequency fr. The
measurement voltage is applied as close to Uras possible.

The transformer will always be measured at IPO0 AN, if applicable also in AF and with the FAN’s alone.
Sound level measurement in an enclosure (e.g. IP21) is a special test and must be ordered separately.

4.4.1.Measurement chamber

The measurement is carried out in a soundproofed chamber (-31 dB(A)).

4.4.2. Tapping position for measurement

It is only necessary to reach the rated turn voltage.
Therefore, the tapping position does not matter. Usually it is the principal tapping position.

4.4.3.Equivalent circuit diagram for a transformer in no-load

[ m]
— - 2
. L |
L

picture 2: transformer in no-load

—_—
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4.4.4.Test setup for supplying

P2

®

F1

S|

S: electricity supply

T2: transformer to be tested P1: wattmeter
T3: current transformer P2: amperemeter (Irms)
T4: voltage transformer P3: voltmeter (Urws)

picture 3: test setup for measurement of sound level

4.4.5.Test setup for measuring

Surrounding the transformer, there are 12 microphones at a distance of one meter from the transformer and
located at the middle height of the coils.

m -
m

-
B B

picture 4: microphones surrounding the transformer
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4.4.6.Commonly used measuring devices for measurement

measuring manufacturer type range / accuracy frequency class
devices
Precision ZIMMER LMG 500 Urms 1000V /Irms32A DC-10 0.01-0.03
Power Upk 3200V /Ipk120A MHz
Analyzer
LV-current- H&B Ti48 2.5-500 A/5 A 50/60 Hz 0.1
transf.
HV-voltage- epro NVRD 40 2-40 kv/100 V 50/60 Hz 0.02
transf.
HV-current- epro NCO 60 1-600 A/5 A 50/60 Hz 0.01
transf.
12 G.R.AS 1/2" freefild 3.15Hz-20kHz->+2.0dB n.a. n.a
microphones microphone 46AE 5Hz-10kHz ->+1.0dB

CCP-preamplifier

26CA
12 Heim Systems DATaRec 4 Bandwidth max. 20 kHz n.a. n.a
datalogging GmbH <0.2°
modules 0.1 % or £1 mV

table 1: Commonly used measuring devices

4.4.7.Recorded values for the measurement

For each of the 12 microphones the A-weighted sound pressure level Lp(a) and a sound spectrum from 0-2 kHz is
given (see picture below).

60
dB

40

20

picture 5: sound pressure level sepctrum

If AF and FAN sound is applicable than we will note the A-weighted sound pressure level Lp) for this also.

—_—
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4.5. Calculations to determine sound level values

The first step is that the average A-weighted sound pressure level Lp(a) will be calculated.

N

1 .

Lp(alaverage uncorrected] = 10 log [ﬁz 1001 kpa L
i=1

formula 3: calculation of the average A-weighted sound pressure level Lp(a)

N = number of microphones

Lpayi = A-weighted sound pressure level Lpia) of microphone no. i

If the measured distance or the guaranteed distance is not 1m, then the A-weighted sound pressure level shall
be Lpa) corrected according the formula from IEC 60076-10:2016.

Sat rated distance

LP(A)at rated distance = LP(A)at measured distance — 10 lo S
at measured distance

formula 4: correction for distance

S = measurement surface

Finally, the calculation of the sound power level Lwa)
S
LW(A) = LP(A) + 10 lOgS_
0
formula 5: calculation of the sound power level LW(A)

S = measurement surface
So

is equal to the reference area (1 m?)

4.6. Test criteria / Maximum values
The guarantee sound level values must be held.

—_—
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5. Measurement of excitation

5.1. Standard
None
5.2. Aim
Determination of the point of core saturation

5.3. Measurement
The measurement of the excitation is made using the same test setup as for the no-load measurement (chapter
for routine tests, clause 6). It is carried out with rated frequency fr and multiple voltages (see below).

percent of rated voltage
10%
20%
30%
40%
50%
60%
70%
75%
80%
83%
85%
88%
90%
93%
95%
98%
100%
103%
105%
108%
110%
113%
115%
118%
120%
123%
125%
130%

(if applicable, due to high core saturation)

table 2: usual voltages for excitation curve

—_—
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5.3.1.Tapping position for measurement

It is only necessary to reach the rated turn voltage.
Therefore, the tapping position does not matter. Usually it is the principal tapping position.

5.3.2.Equivalent circuit diagram for a transformer in no-load

l”l llm

picture 6: transformer in no-load
5.3.3.Test setup

E— : 1U
= = 1%
I ow
.:,.-;; T4

el

picture 7: test setup for measurement of excitation

F1

Fal I

S: electricity supply

T2: transformer to be tested P1: wattmeter
T3: current transformer P2: amperemeter (lrms)
T4: voltage transformer P3: voltmeter (Urwms)
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5.3.4.Commonly used measuring devices for measurement

measuring devices manufacturer type range / accuracy frequency class
Precision Power ZIMMER LMG 500 Urms 1000V /Irms32A DC- 10 MHz 0.01-0.03
Analyzer Upk 3200V /Ipk 120A

LV-current-transf. H&B Ti 48 2.5-500 A/5 A 50/60 Hz 0.1
HV-voltage-transf. epro NVRD 40 2-40 kV/100 V 50/60 Hz 0.02
HV-current-transf. epro NCO 60 1-600 A/5 A 50/60 Hz 0.01

table 3: Commonly used measuring devices

5.3.5.Recorded values for the measurement

Voltage [V], amperage [A] and losses [W] for all phases (in R.M.S.) are recorded.
The Magnetic flux density [T] is indicated based on the individual test voltages.

5.4. Test criteria / Maximum values

none

—_—
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6. Determination of the capacity of the windings against earth and between
the windings as well as loss factors (tan 6)

6.1. Standard
IEC 60076-1:2011 clause 11.1.2.2 a

6.2. Aim
The purpose of the measurement is to determine the value of the capacity of the windings against earth and
between the windings as well as loss factors (tan §).

This value can be compared with the measured value after x years or between the factory and installation site.

A difference between the values can occur e.g.: due to changing of the coil position, humidity on the
transformers or aging of the insolating material.

Note: Any change in the climatic conditions will change the measured readings.

6.3. Measurement
The determination of capacity windings-to-earth and between windings shall be made according to IEC 60076-
1:2011 (chapter 11.1.2.2 a) as a routine test for transformers with an Um > 72.5 kV.

For transformers with Um <72.5 kV, the test will only be done at the explicit request of the customer.

The measurement of dissipation factor (tan 8) of the insulation system capacitance is described as special test
according IEC 60076-1:2011 (chapter 11.1.4 c & d).

In the current IEC standard, there is nothing mentioned about this measurement except for its existence. In the
last version of the standard (IEC 60076-1:2000), the following comment was made (see picture below).

60076-1 © IEC:1993+A1:1908 - 61—

10.1.3 Special tests

a) Dielectric specizl tests (I[EC 60078-3).

b} Determination of capacitances windings-to-garth, and between windings.

¢} Determination of transient voltage transfer characteristics.

d} Measurement of zero-sequence impedance(s) on three-phase transformers {10.7).
e} Short-circuit withstand test (IEC 60078-5).

f) Determination of sound leveis (IEC 60551).

ga) Measurement of the harmonics of the no-load current (10.6).

h) Measurement of the power taken by the fan and oil pump maotors.

i) Measurement of insulation resistance to earth of the windings, and/or measurement of
dissipation factor (tan 8) of the insulation system capacitances. {These are reference
values for comparison with later measurement in the field, No limitations for the values are
given here.) :

If test methods are not prascribed in this standard, or if tests other than those listed above are
specified in the contract, such test methods are subject to agreement.

picture 8: excerpt from the standard

—_—
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6.3.1.Preparing the transformer for the measurement

» For the measurement, all windings have to be shorted.

» The mean earth terminal of the transformer has to be connected with the earth of the measurement
device (e.g. frame of CPC 100 + CP TD1).

»  For three-winding transformers with two LV windings, the two LV terminals should be connected
together. The connection setup shall be used from a two-winding transformer.

» If atall possible, the measurement shall be made in the enclosure.

6.3.2.Test voltage

The test voltage should not exceed 80 % of the value of the separate-source AC withstand voltage test for the
connected winding.

6.3.3.Test frequency

The test frequency should be the rated transformer frequency.

6.3.4.Climate conditions

The climate conditions shall be noted as accurately as possible

» Temperature in°C
» Humidity in %
»  Air-pressure in hPa

—_—
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6.3.5.Test circuits

6.3.5.1. For two-winding transformers
no.: circ.: High voltage connection red lead (A) blue lead (B)
Cc3 GSTg-A HV (0S) LV (US) n.c.
c2 UST-A HV (0S) LV (US) n.c.
c1 GSTg-A LV (US) HV (0S) n.c.
table 4: circuits for two-winding transformers
Cc1 C2 C3

I us (HEH os HIH

AL OO NSNS AN ANNANNNN

picture 9: test setup for capacity measurement at two-winding transformers

For transformers with a shield winding between HV and LV an extra measurement must be made, this is
necessary because the measurement between the windings isn’t possible. The circuit designated C2 will
determine the value of the HV to the shield. The extra circuit C2 is for the value LV to shield.

no.: circ.: High voltage connection
C2 extra UST-A LV (US)
table 5: additional circuits for two-winding transformers

red lead (A) blue lead (B)
HV (0S) n.c.

—_—
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6.3.5.2.  For three-winding transformers

no.: circ.: High voltage connection red lead (A) blue lead (B)
c3 UST-A HV (0S) MV (MS) LV (US)
ca GSTg-A+B HV (0S) MV (MS) LV (US)
c2 UST-B MV (MS) HV (0S) LV (US)
C5 GSTg-A+B MV (MS) HV (0S) LV (US)
c1 GSTg-A+B LV (US) HV (0S) MV (MS)
c6 UST-A LV (US) HV (0S) MV (MS)

table 6: circuits for three-winding transformers

Ccé
11
| § |
/]
¢
1 c2 c3 c4
A us [HI— s [HI os HIH
/]
/]
7 L
y e
1
~

picture 10: test setup for capacity measurement at three-winding transformers

6.3.6.Commonly used measuring devices for measurement

measuring devices manufacturer type range / accuracy frequency class
universal measuring Omicron CPC 100 0-400 Hz n.a
instrument CPTD1

CP SB1

table 7: Commonly used measuring devices

6.3.7.Recorded values for the measurement

The following measured values should be noted:

Circuit

Voltage in kV

Currentsin mA

Losses in W (not necessary)

Tan delta in% (at reference from 10 kV or at testing voltage)
Capacity Cx in pF (at reference from 10 kV or at testing voltage)

6.4. Test criteria / Maximum values
none

—_—
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7. Insulation resistance

7.1. Standard
» None for dry-type-transformers
other but not applicable standards would be:
» IEC 60204-11:2018 - Safety of machinery - Electrical equipment of machines
(rated voltage > test voltage < 5kV DC; insulation resistance value > 1MQ)
» IEC 60364-6:2016 (DIN VDE 0100-600-06:2017) - Low-voltage electrical installations
(acc. protection class: test voltage 0.25-1kV DC; insulation resistance value = 0.5-1MQ)
» IEC 60076-1:2011 clause 11.1.2.2 (only for transformers >72.5kV) no notes to execution included

7.2. Aim

The purpose of the measurement is to determine the value of the DC resistance of the windings against earth
and between the windings.

For liquid immersed transformers, the insulation value can be compared with the measured value after x years
or between the factory and installation site.

7.3. Theoretical principal
The insulation resistance is the ohmic resistance which results between two condutive parts with an insulation
in-between e.g. winding to winding or winding to earth.

The current measured is caused by polarization of the insulating material (mainly on the surface of the
insulation material).

Through the fact that the main insulation of a dry-
type-transformer is the air between windings or
other conductive parts, only a few parts remain that

have direct contact with the winding (e.g. coil-

support, insulators, ...).

Therfore the climatic conditions will have a
significant influence on the value of the insulation
resistance, e.g. by condensation on the surface of an

insulator.

As can be seen in the picture below (picture 11:
transformer active-part cross-section & picture 12:
close up transformer active-part cross-section), the
insulation consists of many different parts, which
together result in a parallel connection of the

induvidual insulation resistances in series (e.g.
winding to support block to bolts of the support
blocks, winding bus bar to insulator to the core-

press-construction.

picture 11: transformer active-part cross-section

—_—

Page 21 of 46



Q‘) SGB

Your dedicated partner
of the SGB-SMIT Group

picture 12: close up transformer active-part cross-section
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winding support block
upper block Therfore it could happen that e.g. the isolator of the LV

busbar (if existing) creates a parallel circuit (picture 13:
equivalent circuit diagram of the main insulation parts)
with winding support and LV insulation. In this case the
winding support and the winding insulation (with e.g. cast

LV winding-
insulation

lower block

coil fixation

T T

LV bus bar insulator

resin) could be irrelevant (depending on conditions).

picture 13: equivalent circuit diagram of the main
insulation parts

7.4. Measurement

During the measurement of the insulation resistance as well as the capacitance measurement, ambient
conditions (ambient temperature, air pressure and relative humidity) have a huge significance.

Consideration should be taken that no condensation has formed on/in the transformer.

Note: Any change of climatic conditions, coil position or insulation aging will change the measured readings.

7.4.1.Test voltage

For windings, the test voltage should be 2.5 kV DC, for insulated core bolts 500 V DC.

7.4.2.Test setup

For this test, the windings shall be tested against earth as well as winding system against winding system
(within the three-phase connection).
e.g. HVto LV // HV to ground // LV to ground
Also, the core bolts will be tested (if applicable). e.g. bolts to ground

PSRN
- ! ! | -

\ !

~

2U 1 2u
PAY 1V 2V
2W 1w 2w
ZN 2N

picture 14: test setup for insulation resistance
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7.4.3.Commonly used measuring devices for measurement

measuring devices manufacturer type range / accuracy frequency class

Ins. resist. - meter GOSSEN Metriso 5000 0-4GQ DC 1.5
table 8: Commonly used measuring devices

7.4.4 Recorded values for the measurement
The following measured values should be noted:
» Connection

» Voltage in kv DC
> Resistance in MQ or GQ

7.5. Test criteria / Maximum values
In the standard for dry-type-transformers this test is not required, listed or provided with minimum values.

The minimum insulation resistance can be determined by a rule of thumb. This was valid until 1985 (per volt a
1kOhm).

When tested at the factory, we expect as a minimum value (Un [V] / 1000 + 1) MQ.
e.g. HV with 15 kV and LV with 690 V
HV =15 kV corresponds 16 MQ

LV =690 V corresponds 1.69 MQ
Bolts =0 V corresponds 1 MQ

—_—
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8. Sweep Frequency Response Analysis (SFRA)

8.1. Standard
IEC 60076-16:2011 Appendix A.4
8.2. Aim

The purpose of the measurement is to be a non-intrusive tool for verifying the geometric integrity of the
transformer.

This graph can be compared with the original graph after x years or between the factory and installation site.

A difference between the values can occur e.g.: due to changing of the coil position, humidity or a turn-to-turn
short on the transformer.

This measurement has more relevance when measuring oil-type transformers, as a dry type transformer can be
physically measured when referencing possible shifting of coils due to transport issues and when assessing a
possible transformer failure such as a winding failure or other damage to the windings themselves, the failure
is generally either possible to diagnose visually or by basic testing procedures.

—_—
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8.3. Measurement
When performing this measurement, it is crucial that the variables are controlled as much as possible as any
deviation from the original measurement will create a deviation on the new performed results. Variables
include, but are not limited to, temperature, humidity, air pressure, the location of the test contacts and the
tightness of the testing contacts. Especially at higher frequencies, the type of grounding is significant for the
results.

8.3.1.Testing voltage and frequency

The testing output voltage is 2.83 Volts and uses a varying frequency, starting at 10 Hz and measures until 20
MHz (possible).

8.3.2.Excerpt from the standard IEC 60076-16

n
A
Key
A.B,C High voltage terminals
a .
Injection %0 a,b,c Low voltage terminals
n Is neutral terminal
B
— b
c
c Y

. picture 15: HV Injection test figure
ppe— IEC 206211

With the 3 LV phases short circuited, 3 different ways of HV injection should be considered:

» HV phases B and C connected together and LV neutral connected to the ground of transformer. This
case shall be used when the LV neutral is earthed during operation and gives the value of phase A.

» HV phases B and C connected together and connected to ground and LV neutral connected to the
ground of transformer. This case is valid to see the difference in case of high voltage system ground
fault and gives the value of phase A.

» HV phases B and C connected together and LV neutral not connected. This case shall be used when
the LV neutral is not earthed during operation, Figure A.4 shows this kind of measurement
configuration and gives the value of phase A.

For measurement of the other phases, rotation of the same sequences should be applied.

The following connection diagrams show the above explained case 1

—_—
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8.3.3.Measurement between phase 1 and phase 2

-

w 2u 2v W 3N
e L
picture 16: Measurement between phase 1 and phase 2
Red & cable: 1U
Blue cable: v (1V and 1W are shorted)
LV: 2U, 2V, 2W are shorted (2N is grounded)
Key
iU, 1v, 1w High voltage terminals
2U, 2V, 2w Low voltage terminals
2N is neutral terminal
8.3.4.Measurement between phase 2 and phase 3
iU i 1w 2u 2\ 2W 2N
oY
"o

picture 17: Measurement between phase 2 and phase 3

Red & cable: 1V

Blue cable: iw (1W and 1U are shorted)

LV: 2U, 2V, 2W are shorted (2N is grounded)
Key

iU, 1v, 1w High voltage terminals

2U, 2V, 2w Low voltage terminals

2N is neutral terminal
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8.3.5.Measurement between phase 3 and phase 1

l l

1 " 1y o1 ATl 2w ZH
= o |
picture 18: Measurement between phase 3 and phase 1
Red & cable: 1W
Blue cable: i (1U and 1V are shorted)
LV: 2U, 2V, 2W are shorted (2N is grounded)
Key
iU, 1v, 1w High voltage terminals
2U, 2V, 2w Low voltage terminals
2N is neutral terminal
8.3.6.Commonly used measuring devices for measurement
measuring devices manufacturer type range / accuracy frequency class
SFRA Analyzer Omicron FRAnalyzer 20Hz-20MHz AC -

Table 9: Commonly used measuring devices

8.3.7.Recorded values for the measurement

A spectrum from 20Hz-20MHz will be given in the test sheet for Magnitude and Phaseangle. Additional if the
customer wishes, we can supply a “tfra”-file from Omicron with all raw measument data.

8.4. Test criteria / Maximum values
none

—_—
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9. Measurement of zero sequence impedance

9.1. Standard
IEC 60076-1:2011 clause 11.6

9.2. Aim
The purpose of the measurement is to give the impedance based upon the transformer for informative
purposes when designing earth-fault protection and earth-fault current calculations.

9.3. Measurement
The measurement is possible on star or zigzag connected windings. The measurement is carried out by
supplying a current at rated frequency between the three parallel connected phase systems and the neutral
terminal.

9.3.1.Testing current and frequency

The appropriate current shall either be 30 % of the nominal current or the maximal available current available
through testing facilities. According to the IEC, the current on the neutral and the duration of application
should be limited to avoid excessive temperatures of metallic constructive parts. The test shall always be
carried out at nominal frequency in nominal tapping position.

9.3.2.Test setup

T3 IN T1
[—
S ' 2 1u
2V 1V
P3
230 1w
(,aD T2
P2
P1

picture 19: test setup for zero sequence impedance

—_—
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9.3.3.Commonly used measuring devices for measurement

measuring devices manufacturer type range / accuracy frequency class
Precision Power ZIMMER LMG 500 Urms 1000V /Irms32A DC- 10 MHz 0.01-0.03
Analyzer Upk 3200V /Ipk120A

LV-current-transf. H&B Ti 48 2.5-500 A/5 A 50/60 Hz 0.1
HV-voltage-transf. epro NVRD 40 2-40 kv/100 V 50/60 Hz 0.02
HV-current-transf. epro NCO 60 1-600 A/5 A 50/60 Hz 0.01

Table 10: Commonly used measuring devices

9.3.4.Recorded values for the measurement

The voltage, current and losses per phase are measured and documented.
9.4. Test criteria / Maximum values
none

—_—
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10. Measurement of harmonics of the no-load current in % of fundamental

components

10.1. Standard
IEC 60076-1:2000 clause 10.6

10.2. Aim

The purpose of the measurement is to give the harmonics of the no-load current in the three phases.

10.3. Measurement
The measurement of the excitation is made using the same test setup as for the no-load measurement (chapter
for routine tests, clause 6). It is carried out with the rated voltage Ur and the rated frequency f.

10.3.1. Tapping position for measurement

It is only necessary to reach the rated turn voltage.
Therefore, the tapping position does not matter. Usually it is the principal tapping position.

10.3.1. Equivalent circuit diagram for a transformer in no-load

picture 20 transformer in no-load

—_—

Page 31 of 46



CI') SGB

Your dedicated partner
of the SGB-SMIT Group

10.3.2. Test setup

T2

. 2M
21
> 1L
24 "
T ow
.:,.-;; T4
In
5 .

picture 21: test setup for measurement of harmonics of the
no-load current in % of fundamental components

F1

Fal I

S: electricity supply

T2: transformer to be tested P1: wattmeter
T3: current transformer P2: amperemeter (lrvs)
T4: voltage transformer P3: voltmeter (Urwms)

10.3.3. Commonly used measuring devices for measurement

measuring devices manufacturer type range / accuracy frequency class
Precision Power ZIMMER LMG 500 Urms 1000V /1rms 32 A DC- 10 MHz 0.01-0.03
Analyzer Upk 3200V /1pk120A

LV-current-transf. H&B Ti 48 2.5-500 A/5 A 50/60 Hz 0.1
HV-voltage-transf. epro NVRD 40 2-40 kV/100 V 50/60 Hz 0.02
HV-current-transf. epro NCO 60 1-600 A/5 A 50/60 Hz 0.01

Table 11: Commonly used measuring devices

10.3.4. Recorded values for the measurement

The harmonics of the no-load current in the three phases are measured and the magnitude of the harmonics is
expressed as a percentage of the fundamental component.

10.4. Test criteria / Maximum values
none

—_—
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11.Measurement of partial discharge with earth

11.1. Standard
IEC 60076-11:2018 clause 14.4.1

11.2. Aim
Partial discharge measurement of single-phase line-to-earth fault condition.

This special test is for transformers connected to systems which are isolated or earthed
through a high value impedance and which can continue to be operated under a single phase
line-to-earth fault condition.

11.3. Measurement
For detailed information on the partical discarge measurement and the measurement environment, please see
(chapter for routine tests, clause 10).

11.3.1. Differences to the routine partical discarge measurement

A phase-to-phase voltage of 1.3 Ur shall be induced for 30 s, with one line terminal earthed, followed without
interruption by a phase-to-phase voltage of Ur 1.0 for 3 min during which the partial discharge shall be
measured. This test shall be repeated with another line terminal earthed.

o

30s 3 min

=

|
S

picture 22: measurement of partial discharge with earth

All other criteria refer to routine partical discarge measurement.

11.3.2. Commonly used measuring devices for measurement

measuring devices manufacturer type range / accuracy frequency class
PD-measurement Omicron MCU502 500 fC - 3nC 0-32 MHz 0.01-0.03
system 4xMPD600

3xMPP600

Table 12: Commonly used measuring devices

11.3.3. Recorded values for the measurement

The background level and the maximum PD values within the 180 sec. for all phases in [pC], are then recorded
in the test protocol.

11.4. Test criteria / Maximum values
The partial discharge level is allowed a maximum of 10pC with correction factor.

—_—
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12.Appendix

12.1. Example test certificate Sound level measurement

special tests (T}”‘
(basad on Standard: IEC 60076-11:2018) :
SGH order number: 1234567849/10 Serial-number: 123458
Type: DTTHING 3150/30 ‘Wd. number: 123456
Measurement of A-weighted sound level by sound pressure method at no load
AN AF Fan Test results in dBJA] at 1 m
F1 572 (3%} 80,3 connection LW 690 W
F2 54,9 64,9 Bd, B Freguency 50 Hz
F3 55,1 £6,0 65,7 Measurement carried out in Protection IPOO
Fa 56,2 [T R 64,3
F5 55,8 B34 628
F& 524 620 Bl6
F7 51,8 61,3 61,0
Fa 56,2 B3,7 62,9
Fg 56,8 64,7 Bd,0
F10 533 B5,7 65,6
F11 549 [T R 64,5 AM AF
Fi2 52,0 623 619 Lp1im: 551 64,1
Average 55,1 64,1 63,6 Lw: 71,0 79.9
70,0
60,0
50,0
40,0
30,0
20,0
10,0
0,0
@o
k-
-10,0
o kHz 200 400 600 BOO 1000 1200 1400 1600 1800 2000
more information?
see general test description
F11
F12
[=] [~ ]
L] [=]
Exampie pictures gnd schematics refer to g standord transformer. Dewvigtions from the actual product may be possible.
Remarks:

Gerdtabau GmbH
%3055 Regensburg
4 f13 Test Lab Cast Resin Transformers

SGE Starkstrom -
Ohmstrae 10, O

Tested by, Date of test page WWOW.SgD-smit.oom
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12.2. Example test certificate measurement of excitation

special tests (T)SGB
5GHB order number: 123456789/10 Serial-nurnber: 123456
Type: DTTHING 3150/30 ‘Wd. number: 123456

Measurement of excitation

connection LV 690V & Frequency 50,0 Hz / Protection |POD Magnetic flux density B = 1,649 [T]

Rated voltage [V]: B[ Voltage [V]: Currents [A]: Losses [W]:
Awverage u v W Average I
10% 69,0 017 69,8 0,754 0,541 0,787 0,688 55
20% 1330 033 1380 1,234 0,878 1,267 1,126 196
30% 2070 0,50 2075 1,626 1,145 1,684 1,487 415
a0% 2780 0,66 2751 1,959 1,382 2,040 1,794 B96
0% 3450 0,82 3444 2,178 1,607 2,384 2,089 1055
B0% a14,0 0,99 4143 2,583 1,838 2727 2,386 1497
0% 4830 1,16 484,00 2,937 2,085 3,083 2,705 2022
T5% £17.5 124 5171 3,122 2,215 3,281 2,873 2306
B0% 5520 1,32 5515 3,338 2,367 3,495 3,067 2629
83% 517 137 5723 3,489 2474 3,640 3,201 2841
85% G855 1,40 5873 3,603 2,554 3,747 3,302 3001
BE% 6072 1,45 B06,2 3,785 2,679 3,914 3,458 3219
90% 6210 148 620,4 3,950 2,791 4,064 3,602 3397
93% B41,7 1,53 B841.3 4,235 2,989 4,323 3,849 3678
95% B35,5 157 6550 4,484 3,168 4,556 4,069 3886
98% B676,2 1,62 676,3 5,040 3,574 5,078 4,564 4248
10 B50,0 1,65 6897 5,583 3,988 5,582 5,054 4514
103% 710,7 1,70 o8 6,906 5,041 6,938 5,295 4979
105% 7245 1,73 7254 8,723 6,538 8,781 8,015 S401
108% 7452 1,78 44,5 12,977 9,991 13,023 11,997 6019
11085 759,0 1,82 759,8 18,982 14,930 18,928 17,613 6582
113% 79,7 1,86 779,2 31,711 25,680 31,511 29 634 7379
115% 7935 1,90 Ta4,4 47,683 39,811 47,269 44,921 8137
118% 814,2 1,94 8137 76,666 67,399 75,976 73,347 9204
120% 8280 198 8281 105,514 495,116 104,185 101,605 10172
123% gas,7 2,03 2481 153,195 142,488 151,780 149,154 11852
125% BE2,5 2,06 862,0 193,760 183,342 192,116 189,739 13354
128% 8832 211 8322 262,814 254,436 261,524 259,591 16098
J W T2
2L
— 1w

©

T 1

ﬂ T
S & |5 LLL:
N i .Cl:v)- @ F3

Example pictures and schematics refer to o standard transformer. Devigtions from the actual product may be passibie.
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special tests

O

SGB order number:
Type:

123456785/10
DTTHING 3150/30

Serial-number: 123456
‘Wd. number: 123456

14

13

12

|

10

09

08

07

x*Ur

05

05

o4

Remarks:

50,0

100,0

150,0 200,0 250,0 300,0

Currents [A]:

more information?
see general test description

page
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12.3. Example test certificate determination of the capacity of the windings against
earth and between the windings as well as loss factors (tan 8)

special tests LT) s
(|according to Standard: IEC 60076-1:2011) '
SGB order number: 123456788/10 Serial-number: 123456
Type: DTTH1MNG 3150/30 Wid. number: 123456

Determination of the capacity of the windings against earth and between the windings as well as loss
factors (tan &)

Temperature [*C]: 128
Humidity [%]: 339
Alr-prassure [hPa]: a70,2
Frequency [Hz]: S00

Measurement carried out in Protection IPOO

c c2 c3

Exomple pictures and schematics refer to o standord transformer. Devigtions from the octual

product may be possible.
at Testing voltage
Voltage [EV]: Currents [ma]: Losses [W]: tg d. [%]: Cx [pF]:
3 10,0 3,520 0,018 11198
[ 10,0 0,758 0,212 234,0
[ ] 24 1484 0,075 1935,3
more information?
see general test description
Remarks:

- Geritebau GmbH
055 Regensburg
sin Transformers

SGH Starkstrom

Ohmstrai

10 13 Test La

stesd by, Date of test page www . sgh-smit.com
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12.4. Example test certificate Insulation resistance

Routine testing (TJ“B
(according to Standard IEC 60076-11:2018) '
SGB order number: 123456789/10 Serial-number: 123456
Type: DTTHING 3150/30 ‘Wd. number: 123456

Insulation resistance

mim: Test passad
bolts f earth | | Testing voltage 0,5k DC =260 21 Mi ¥
HV f earth || Testing voltage 2 5kV DC 5 G0 = 31,0 M0 ol
LW f earth || Testing voltage 2,5k DC CYc] 21,7 M1 v

-

o)
)

iy 2u i e

1w v 1 il

1w 2w 1w aw
M EL

Example pictures and schematics refer to o standard transformer. Devigtions from the actual product may be possible.

=

Remarks

Measurement carried out in Protection IPO0

5GE Starkstrom - Gerdtebau GmbH

Ohmstral E-93055 Regensburg
3 /13 t Resin Transformers
Tested by, Dake of best page wrw . sgh-smit.com
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12.5. Example test certificate SFRA

special tests (TJ scB
{according to Standard: IEC 60076-16:2011) asias
SGE order number: 123456789/10 Serial-number: 123456
Type: DTTHING 3150/30 ‘Wd. number: 123456

Sweep Frequency Response Analysis (SFRA)

Meazsurement carried out in Protection |#00 Measurement in tap:3
Meazsurement device bandwidth 20Hz - 2MHz | Points [ Sweep: 1000 | Input Imedance 5001

Measuring circuit

red/yellow-cable blue-cable short-circuit earth highest rezonance [Hz]
. i V-1 2U-2V-2W Pl 227585
cannectien w W-1W 20-2v-2W M 230,094
1w 1U-1v 2U-2V-2W Pl 230084

20 Hz 200 2000 20000 200000 2000000

150,0

20 Hz 200 2000 20000 200000 2000000

mare information?

Remarks: see general test description

SGE Starkstrom - Gerdtebau GmbH
Ohmstraie 10, DE-93055 Regensburg
1 /13 Test Lab Cast Resin Transformers
Tested by, Dabe of test page WA SED-EMIT Com

Note: Omicron FRAnalyzer software (freeware) is required to open the raw data file.
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12.6. Example test certificate zero sequence impedance

special tests
(according to Standard: IEC 60076-1:2011)

SGB order number: 123456789/10 Serial-number: 123458
Type: DTTHIMG 3150/30 ‘Wd. number: 123456
Measurement of zero sequence impedance
Measurement carried out in Protection IFO0
Meazurement of zero sequence impedance LV
Voltage [V]: 1,982
Currents [A]: 4419
Losses [W]: 58,30
Zo [ Phase]: 0,01345546
T3 o TH
—
2L
Y ™
P3 I
y T2 2y T
P2
P1
.
Example pictures and schemafics refer to a sfandard fransformer. Dewviations from the actual product
may be posaible.
more information?
see general test description
Remarks:

page

Gerdtabau GmbH
, DE-93055 Regensburg
Test Lab Cast Resin Transformers

SGE Starkstrom -
Ohmstraie

www.sgo-smit.oom
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12.7. Example test certificate Measurement of harmonics of the no-load current in % of
fundamental components

special tests l]-) e
(according to Standard: IEC 60076-1:2000) )
SGE order number: 123456788/10 Serial-number: 123456
Type: DTTH1MG 3150/30 Wd. number: 123456

Measurement of harmonics of the no-load current in % of fundamental components

connection LV 100916 V & Frequency 50,0 Hz / Protection IPOO

Phass U [%]: Phase V [%]: Phass W [%]: Average

3H 2,4 80 7.9 6,3
5H 4.3 2,7 i6 15
7H 1,0 0.9 1,1 1,0
9H 0,1 0,1 0,2 0,1
11H 0,1 0,1 0,1 0,1
13H 01 a1 a1 01
15H 0,0 0,0 0,0 0,0

2.0

7,0

6,0

50 B Fhase U [%]:
z a0 + B Phase v [#]:
- W Phase w [%]:

30 +

W Average

2.0

1,0

.0 T T T T T T T

3H SH 7H 2H 11H 13H 15H
b T2

o jan|
I - E1V
— 1\

=
B o @ |
slacet

Example pictures and schematics refer to o stondord transformer. Deviotions from the actual product may be
possible.

()
—
|

i
L,

more information?
see general test description

Remarks:

SGB Starkstrom - Gerdtebau GmbH
Ohmstrale 10, DE-93055 Regensburg
€ Test Lab Cast Resin Transformers
Tested by, Dabe of best page www sgb-smit.com
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12.8. Example test certificate Measurement of partial discharge with earth

special tests GJ“B
(according to Standard: IEC 60076-11:2018) '
SGH order number: 123456789710 Serial-number: 123456
Type: DTTHING 3150/30 ‘Wd. number: 123456

Measurement of partial discharge with earth

Testing voltage Ur
Frequency 200 Hz 13 f—
30 sec. [kV] 180 sec. [kW] i '1'
1,3 * UrHv 39,00 1,0 * UrHv 30,00 1o I.': \—\
1,3 *urv 0,897 1,0 * Urlv 0,690 I|| : | :',\
P !
| | i \ fsec]
S 180 1
[ FIT) 1

Test results in pC:

. 1U / earth 1V [ earth 1W [/ earth
Testing voltage
v W w 1w w v
1*Ur 3 2 2 2 2 2
Background level 1 1 1 1 1 1
Measuring circuit
Measurement in tap: 3| 30KV
Calibration factor KU 312
(qefg):
Measurement device
bandwidth [kHz]: 100-400
2y
—
2
—h
2U
—
2M
Exgmple pictures and schematics refer to o standard tronsformer. Devigtions from the octual product may be possible.
more information?
see general test description
Remarks:

PO max 10 pC at 1 x Rated voltage

SGB Starkstrom - Gerdtebau GmbH
Ohmstraie JE-93055 Regensburg
& /i3 Test Lab Cast fesin Transformers
Tested by, Dahe of bes page wwrw. sgb-smit.com
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12.9. Example calibration list

Kallbrierung von Melgeriten im GTP (T san
Callbration of measuring squipment In fset Nisid distr. transtormer

VB 151
o o 153
i £33
o 33
e o 151
et i 133
e o 153
i 153
i 137

o 143
i £33
oot o oot

T e 571
i b4
et B 54
Tt o oot
et i 54
ot o it
ey
oot o oot
et e 34
Voot i 571

alierasios fnt S0 et aain gt 1507 20 =

—_—
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12.10. Test lab layout

' - (] - . . - . . - 0 . S
= heat rise bay 1 heat rise bay 2 heat rise bay 3
= el eatres bey 3 (TN
T Control room ﬁ
Control room -
i ’ /' " Control room
routine test bay -
for standard ,/
e I .
()
1
Sy |/ utine and noise test bay for special
Lightning Control room i e
implilselbay d— transformers and FAT test
: .
meeting room
O u ] ]
| | |

picture 23: test lab layout

picture 25: PD and sound chamber

—_—
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12.11. List of pictures, formulas, tables and sources
LIST OF PICTURES:
PICTURE 1: SOUND LEVEL METER RESPONSE CHARACTERISTICS FOR THE A, B, AND C WEIGHTING
PICTURE 2: TRANSFORMER IN NO-LOAD
PICTURE 3: TEST SETUP FOR MEASUREMENT OF SOUND LEVEL
PICTURE 4: MICROPHONES SURROUNDING THE TRANSFORMER
PICTURE 5: SOUND PRESSURE LEVEL SEPCTRUM
PICTURE 6: TRANSFORMER IN NO-LOAD
PICTURE 7: TEST SETUP FOR MEASUREMENT OF EXCITATION
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