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History

HAEFELY Il

Foundedin Basel, Switzerland FoundedinBrewster, @ 1962
New York (USA)

Beginning of HV Test

1922 equipment production
FirstACresonant O 1969

Dr.James Haefely takes test system

over the company

1995 @ Tettexacquisition Robinsonacquisition . 1995

1999 Hubbell High Voltage Test Businessformed  wsee. Nohiotage

HAEFELY Il
2013 HAEFELYHIPOTRONICS parent brand HIPOTRONICS I
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"\ Transformer Test System
Frequency Converter

Measurement Instruments

Loss Meas. — PD - C/tand - TTR — Winding
Resistance Meas. - FRA — Recovery Voltage

AC

Customized Cable
Test system
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Agenda

m Introduction to Murphy’s Law
m Murphy’s Law — Case Study
m Cases Study Analysis
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Introduction to Murphy’s Law
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Anything that can go wrong will go wrong

Synopsis

* The law's author was Edward A. Murphy,
Jr., a U.S. Air Force engineer, who, in
1947, was involved in a rocket-led
experiment in which all 16 accelerator
instruments were installed in the wrong
way, resulting in Murphy's observation.
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Case study

m  Origin: this study shares what has been seen and experienced onsite from us
m Target: provide important insight and illuminate previously hidden issues

m Systematic approach: each case is studied with the mention of the fault, the cause of the
fault, the consequence and the solution.
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Murphy’s Law — Case Study
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Case Study: HV 1
: : Difficulty:
Situation Problem o
Induced Voltage Test C-Bank explosion
Factory on fire
Failure:
System
C Con n Can be avoided:
ause onsequence Voo
C-Bank was in the test circuit 72 kV / 200 Hz applied on
during the induced voltage test a 20 kV 60 Hz C-Bank
Dangerous:

Yes

w2



Case Study: HV 1
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m Classic test system for induced voltage test, no load and load loss, heat run

m Typical example for heat run: 20 kV / 60 Hz

m Typical example for induced voltage test: 72 kV / 200 Hz

88 | for ‘ [ Los (
r777
[Power Grid Matchlng 480 V L ariable U A PWM Contr S|n Filter

ltem 25 Frequency Converter, 540 kVA
ltem 10.1

N\
\ \Variable U IPWM ContI Sin F|ter}

\requency Converter, 540 kVA
Item 10.1

\\Variable U IPWM Contr A_ Sin F|ter}

requency Converter, 540 kVA

\_ Item 10.1

LV Filter
Item 10.2

Eﬁ

__LV Filter
Item 10.2

20’ Container J

Item 10

Item 11

777 :I | E — HL4
Step u __HV Filter J

Item 12

L
T
Compens.
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m C-Bank fire is most of the time a dramatic situation,
as the bank is installed inside the factory!
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Case Study: HV 1

m  Solution: overall test system intelligence should avoid dangerous situation!!

HAEFELY
Master System Eg HIPOTRONICS
TestSessfonld : ATES 57T5T.1 Customer : AEW OrderNo : ATES Type : BBC 60000400 SerlalMo : T1684 Oporator : M. Max Muster  Supervisor @ Mr, Peter Mauser
Lnad Ioss Test ~ 1 phase operatmn v L1-13 ~ High Voltage OFF
Isolati Frequency tol LWV file: V compensation MV compensation Step-up transformer HV tompensation HV filter Discornectol  Earth  Device under Teit
o o & & £ mn 389°C
IEASAEGER (] [L. = | B
Tavg
T Top - SOKV./0A
Usazims \l Uy33 rms \| SHV OMY O

24.678kV
= -3 31~
“ =

Y T LT T
rd AL l i s Ty L l WT
_/ %&I > i L - & V123 s l

@ ~ ' 5.68A o
123 rms Q3 Qy33
68A S6kvar A o S56kvar

|120kvar <Jff 120kvar -
=

[~ | [~ [~ |
el BUTE feedback
0 Signal

Fun UiZ rems 11 rrmn vms Utrmy 11 1 s B Pt
30.5° _79v _68A 68A 24.450kV_  5.68A 68A S

Pz Uz3 pms iz rm: 13 rms Uz s Py 12 rma z
30.5° _79v _68A 68A 25.398kV_  5.68A 68A e

Puiz U3t rms 'irmu.: 3 rms U3 rms 13ems '3rms
30.5° 79V _ 68A 68A 23.125kV_  5.68A 68A
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Case Study: HV 2

. . Difficulty:
Situation Problem 2L by
Onsite DC Hipot on submarine Ultra high voltage DC generator
cable breaks down

Failure:
human
Cause Consequence $§2 7 avoed,
Customer replaced the After cable break down, the
damping resistance, which was flash went back to the DC
wrongly designed generator, the damping Dangerous:
resistance could not stop the Yes

high current and the DC
generator breaks down
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Onsite test on a 35 km submarine
cable

The onsite test cabin was too small

Customer decides the replace the
damping resistor with a shorter
damping resistor. (same resistance
value!)

DC hipot at 380 kV
Breakdown of the cable

Flash back with huge current to the
damping resistor, the flash goes
over the resistor and destroys the
generator
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Case Study: HV 3
: : Difficulty:
Situation Problem Lok
Applied voltage test Flash
Failure:
Human
Cause Consequence = aoied
q Yes
Wrong divider ratio setting Flash
Dangerous:
Yes




HAEFELY Il

HIPOTRONICS Il

HV 3

Case Study
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Case Study: Imp 1

: : Difficulty:
Situation Problem il y
Impulse test on power Overlapping oscillation
transformer

Failure:
System
Cause Consequence T8 ey
Yes
Impulse generator too far from High loop inductance
test object, no-air cushion to Lioop
move it closer to the test object Dangerous:
No
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Case Study: Imp 1

m Relative overshoot magnitude 3’ shall not exceed 5% (IEC 60076-3 ed3.0)

UQT g =100-Ze—% o
B __— Recorded curve U -
Up L —
\\/ .
Base curve

/ Residual curve

t

IEC 2230/10

20



2

HAEFELY Il

HIPOTRONICS Il
Case Study: Imp 1
m  Usual test setup for LI test vl
U, —
m The higher L,,,,, the higher overlapping oscillation p; / \ __—Recorded curve
Up L =
\\/ =
Base curve
SG Rs I—Loop y . . .
OO0 ‘ m C'.: resulting impulse capacitance
m R ' '
Iuol__ c I L. _cluw®™ R Front(series) resistor
m R’ Tail (parallel) resistor
N m L, inductance of test circuit
Impulse Generator Transformer m L,:inductance of transformer

m C,: capacitance of transformer

21
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Case Study: Imp 1

m  Solution: have an impulse generator with air cushion
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Case Study: Imp 1
m  Solution: have an impulse generator with air cushion
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Case Study: Imp 2
. . Difficulty:
Situation Problem o
LI test on power transformer, on Tail time t, too short, out of the
the low voltage side IEC 70076.3 ed 3.0
specification Failure:
System
Can be avoided:
Cause Consequence Vae
Very low transformer winding Short Tail time t,
inductance Does not fulfill IEC 70076.3 ed
3.0 Dangerous:

No

24
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Case Study: Imp 2

m |EC60076-3 ed 3.0
13.2 Full wave lightning impulse test (LI)

13.2.1 Wave shape, determination of test voltage value and tolerances

The test impulse shall be a full standard lightning impulsey 1,2 + 30 % / 50 ps + 20 %..

The test voltage value shall be the test voltage value as defined in IEC 60060-1 (after the test
voltage function is applied). If the maximum relative overshoot magnitude is 5 % or less, the
test voltage value may be taken as the extreme value as defined in IEC 60060-1.

U
1.0
B9 -

05t

25



Short circuit inductance Lcc [mH]
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1.2kV, 5% = = 1.2kV, 15% 3.6kV, 5% = = 3.6kV,15%

1000
Power [kVA]

10000

7.2kV, 5% = = 7.2kV,15% =—————17.5kV,5% = = 17.5kV,15%

= 36kV, 5% = = 36kV,15%  ==——=52kV, 5% = = 52kV, 15%

Rule: The lower the inductance Lcc,
the lower the tail time T..

This is the case for the lower the voltage
class and the higher the rated power of
the transformer

26
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Case Study: Imp 2
o Generator configuration Tail time T [us] - :
] 1s2p with Rp 16.7 fb 11 ijnFH
f 1s6p with Rp 17.2 o - 1M
60 1 \ 1s2p with Rp and Glan- 45.1
: inger
o H
:
S ¥

Time [s]

|=—1s2p only with Rp = 1s6p only with Rp —1s2p with Rp and Glaninger |

27
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Case Study: Imp 2

Generator configuration Tail time T, [us]
1s2p with Rp 16.7
1s6p with Rp 17.2
1s2p withﬁ Rp and Glan- 451
inger

m Even with more capacitance, T, would not rise
m  Glaninger: T, is 270 % higher as with the 1s2p config.

m Glaninger is the smart solution

28
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Case Study: Imp 2

m  Solution: Glaninger Circuit

Glaninger parallel resistor Ry

29
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Case Study: Imp 3

: : Difficulty:
Situation Problem: ol y
Impulse voltage test During the impulse generator

configuration:

low / medium energy discharge Failure:

to the operator System
Cause Consequence 5:2 ol
Capacitor was not grounded Risk of low / medium discharge
after use; the capacitor is to the operator, risk to fall down
charging alone back due to from the sky lift Dangerous:
internal polarization phenome Tes

30
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Cap.: 1-3 uF / 100 KV

Caution without grounding:
Risk of discharge!

the capacitor is charging
alones back due to internal
polarization phenome

31
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Case Study: Imp 3

Solution: Auto. grounding
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Case Study: PD 1

Situation Problem Difficulty:

High
PD measurement Flash

Failure:

Human
C Con N Can be avoided:

ause onsequence Ve
Floating coupling capacitor Flash between divider and
ground
Dangerous:
Yes

33
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PD 1

Case Study
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Case Study: PD 1

Usual test setup: AC source + coupling capacitor + meas. Imp. + PD detector
Test engineer has 2 PD detectors / measuring impedances (end user request)
He changes the measuring impedance and forgets to ground it

Coupling capacitor is floating

Flash occurs while rising voltage

Test object

After power off, the coupling cap. coup“ng capacitor
remains charged: Z /

dangerous situation e C /

k
g M
U=0 vl % ‘ | ﬂ:\
O - o
- 5 PD detector

Measuring impedance

35
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Case Study: PD 2

: : Difficulty:
Situation Problem: - y
PD Measurement on Wrong PD values/measurement
transformer
Failure:
Human

Cause Consequence Cont e avoid:
Yes

Operator did not calibrate the Each test object has different

measuring circuit for each new capacitance, which makes

test object impossible to know the PD Dangerous:

amplitude No

37
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m Calibration procedure: inject an know q, impulse and adjust the ratio at the detector.

Case Study: PD 2

Test object
Calibrator / Coupling capacitor
[ - /
>
90| . i M
(e a m
o] =0,
7 = PD detector

Measuring impedance
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Calibration procedure:

TWIN BNC CABLE LAN CAELE

DDX9121b+1

[}
AL L) I

9230/11100-AKYV

[ TWIN BNC CABLE
PD SCOPE [Single Unit : Input 1] S| =E]| 23

PD Controls ‘ RIV Controls | Yoltage Contiok: | Advancedi
Amplifie B
Altenuation 0de ’_] m V] Autorange

CenterFreq (kHzl 300 [Set] (Range: 100500 kHz)
Bandwidth [kHz) |400 - [ Copy Settings to All Detectors |
Display
QValue: ) Pesk @ IEC Connected Input
Shape: @ Line Sine Ellipse 1 B2 B3 4
Pass/FailLevel (5C)  10000.0 [a1]
| Pulse Fading ["] Show Unipolar
Calibration

_Calbt' ate at 10 pC 1 m

[¥] Show calibrator PRF waining

Input  Factor Level [pC) PRF (Hz] Date Time
A 2.346-3 10.0 50.0  25.01.2016 10:16:34
4 NotCaibrated

[ savecal | Load Cal [ RecallLast Copy to Al
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Case Study: PD 3
: : i Difficulty:

Situation Problem: i
PD Measurement on High PD values/measurement
transformer

Failure:

System

Can be avoided:
Cause Consequence G
Fixed dead time leading to Partial discharge undershoot is
ambiguous recognition of partial interpreted as pulse
discharge pulse Dangerous:

No

40
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Case Study: PD 3

Dynamic dead time VS fixed dead time

Dynamic dead time: 1 pulse

Fixed dead time: up to 3 pulses

FFFFF

o r T — T T T

|

41
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Case Study: PD 3

m Typical situation:

- |
1,000
€ s00
L.
i

R 127 124 126 128 130 132 134 136 138 140 142 144 146 148 150 152 154 156
Time (us)

m This is one partial discharge pulse

m Dead time: time to blind out the undershoot

42
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Case Study: PD 3

m  Dynamic dead time VS fixed dead time:

P0: 20 dB: 100-500 kHy: Cal@50.0 pC (PRF 100. L HI) : Trput |

: b)

m Pulse polarity:
m a) ambiguous recognition due to fixed dead time, wrongly set

m b) distinct recognition without ambiguity, thanks to dynamic dead time (automatic)

43
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Case Study: PD 3

m  Dynamic dead time VS fixed dead time:

m Challenge with fixed dead time settings: each PD source might need another setting!

m Inner PD source
m Internal cavity/void in insulating material
m Air bubbles in oil
m Non-uniformities in SF6 insulation system

m Outer PD source:

m Corona

m Surface (gliding/creeping discharges)

44
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Case Study: PD 4

: : Difficulty:
Situation Problem: o y
PD Measurement on Wrong PD measurement
transformer
Failure:
System / human
Cause Consequence s cvoided
Yes
Measurement out of the IEC On the higher frequency range,
standard measurement band the PD activity is not visibible
(higher frequency range) anymore Dangerous:
No

45
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Case Study: PD 4

m  Wide-band PD instruments (chapter 4.3.4 in IEC 60270:2015)
m 30 kHz =<f1 <100 kHz,
m f2 <1000 kHz
m 100 kHz < Af <900 kHz

m PD pulse loses high frequency content while travelling thru transformer

I L O D O O O O T T O T P R Y O e e

1 10 100 1000 10000

""" Partial discharge RF broadcast  ***** Tyristor control

46
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Case Study: WR 1

: : Difficulty:
Situation Problem i ty
Onsite winding resistance At transformer reconnection,
measurement on power the substation switches off
transformer Failure:

System

Can be avoided:
Cause Consequence Ve
The winding resistance is a DC -Magnetized core
measurement. The core -DC offset
remains magnetized after -Inrush current Dangerous:
measurement -Substation switches off Yes

47
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Case Study: Loss 1
Situation Problem E(i)f\t\ilculty:
Load Loss measurement on a Higher loss readings
power transformer
Failure:
System

Can be avoided:

Cause Consequence Vi
Wrong accuracy class of the Small power factor leads to
Wattmeter high loss error readings
Dangerous:

No

48
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Case Study: Loss 1

m Phase angle error of 1min in the voltage or current will result in approx. 3 %

error in loss meas. for a power factor of 0.01

m Load loss at low power factor are very sensitive to phase angle errors

000 6%
ey
0os T e B
= = : ; : : : : : i :
8 Load Loss Evaluation Level @ |\ @ Phaseangle error of Tmin_:
O 004 - \ * ; : : ; : : : : :
E E ] : ] ] : L] 1 L} »
. \ 3% -
@ 003 \ E
g NN 2 2%
o 0.02 1 \ \\\ =
[~ 0 i
\ \ ™= Low w 1%
\"""l-..-h--.“-hlnrmal 3
0.01 [t High 0% : - : : : - i : i
| 000 001 002 003 004 005 006 007 Q08 009 010
0 100 200 300 400 500 600 Power Factor
MVA

IEEE Std C57.123-2010 [4.3]
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Case Study: Loss 1

m During meas: the transformer behaves inductive

m Power factor tends to fall with rising values of rated power

m Typical example:
m 1'000 kVA transformer: load loss 1 %, short circuit impedance 6 % of ref. impedance — power factor of
the series impedance: 0.167

m 100 MVA transformer: load loss 0.4 %, short circuit impedance 15 % of ref. impedance — power factor of
the series impedance: 0.027

P=UxIxcos¢ P "
a_P:a_UJrﬂ—Sin(Dxagb O
P U | cos¢ 0
Csing__(1esTo) :
cos ¢ cos ¢ cos ¢ 60076-8 IEC:1997 [9.6]

50
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Case Study: Loss 1

10.2 Traceability, quality aspects on measuring technique

m |[EC 60076-8:1997 - _ o ,
Traceability of measurements means that a chain of calibrations and comparisons have been
carried out, through which the validity of the individual measurement can be traced back to
national and international standards of units preserved in recognized institutions of metrology.
Evidence of such traceability should contain the following items.

a) Certified information about errors (amplitude errors and phase angle errors) of the
components of the measuring system (transducers for voltage, current and power, voltage
dividers and shunts, indicating or recording instruments, etc.)

This may comprise:
— certificates from the manufacturers of individual components;
— certification from calibrations carried out at independent precision laboratories;

— certificates of calibrations made in the plant by means of precision instrumentation
and specialist staff brought there for that purpose;

— direct comparisons of the test room installation with a complete precision measuring
system (overall system calibration).

T Compu:ents Accuracy ' 3 Overall Szystem Accuracy ' 3 Range
Standard Extended Standard Extended
coso=1.0 +0.15% + 0.06% + 0.35% +0.3% 105VA3V .. 4200\:‘!\13\!; 0.5A .. 500A
cos =05 +0.5% +0.12% +0.7% +0.3% 105V/A3V .. 4200V/A3V; 0.5A .. 500A
cos ¢ =0.3 +0.79% +0.16% +1.2% +0.4% 105V/A/3V .. 4200V/N3V; 0.5A .. 500A
cos ¢=0.1 +214% + 0.36% + 3% +1.2% 105V/A3V .. 4200V/v3V; 0.5A .. 500A
el Class 0.1 Range 1?23?65:‘3??4%\{?;’3;@ ?gi_mn%)
Currentmeter Class 0.1 0.5A .. 500A

51
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Case Study: Loss 2
. . Difficulty:

Situation Problem o
No Load Loss measurement on Higher loss readings
a distribution transformer

Failure:

System

Can be avoided:

Cause Consequence Ve
Deviation on the excitation Higher loss readings
voltage

Dangerous:

No

52
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Case Study: Loss 2

m 1% deviation on the applied voltage would increase 1% to 3 % the losses

m Solution: accurate voltage output (step less adjustment, feedback loop with the

measurement)
Magnetic Flux Saturation
Density (B) ) Curve
z
» H ()
Fundamental
Third Harmonic

Magnetizing
Cwurrent (I)

During no load loss measuring, the transformer is in the saturation working area
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Case Study: Loss 3
; ; Difficulty:

Situation Problem o
No Load Loss measurement on Higher loss readings
a distribution transformer

Failure:

System

Can be avoided:

Cause Consequence Ve
High THD on the voltage Higher loss readings
waveshape
Dangerous:

No

54



Case Study: Loss 3
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2

T.H.D.: Total Harmonic Distortion

IEC 60076-1:2011 [11.1.1]: Voltage: THD < 5%

T.H.D. cause:

T.H.D. on the voltage waveshape comes mainly
from the short circuit impedance of the test
system

T.H.D. problem:
Peaked waves with higher rm.s. can lead to
higher losses

VOLTAGE
Freq Amplitude Phase
Hz kv Dag
&0 20.243 -115.3
180 3.877 26.4
300 2.669 -115.5
420 2.583 -47.7
540 1.827 -B6.3
660 1.165 =128.4
780 0.529 -168.4
900 0.000 0.0
1020 0.000 0.0

V_rms = 14.899 kV
V_ave = 13.966 kV
Max velt = 26.356 kV
Max flux=0.0504 kVSec
(Actual)

Max flux=0.0524 kVSec
(based on V_ave

THD = 29%

A

—

Z

test system

o)

EC.

U Z test system

U Z test object

test

object

55
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Example on a 2’500 kVA, 33 kV / 400 V transformer

Without THD Control

With THD Control

Phase A Phase B Phase C SUM/AVG

N&Load Loss Measurement 590 - C:\. \Data\2500kVA

Phase A Phase B Phase C SUM/AVG

I I II -
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Case Stu dy . 0SS 3 Example on a 2’500 kVA, 33 kV / 400 V transformer

Without THD Control With THD Control

J.Iﬁ\tl 3. 5. 7- 3. 11. 13. is. 17- 1s. 21. THD 2 3 11 13 15 17 £9: 21
U= 231.320 V 7.88317 100. 1.873 4.s502 5.548 0.78% Q.20 0.817 0.112 a.o082 0.022 0.004 231.360 ¥ 0.03088 100000 0056 0_o0s 0033 0.043 0.033 0.008 0008 0.08% 0008 0_oos
I= 8660 B 100.000 9.818% £3.815 38.868 2.771 3.326 2.887 0.462 0.577 0.577 0.231 I= 10.070 & 100.000 19 862 69.215 44 383 §.951 1z 118 5.859 0835 0734 0.596 0.139
U= 231400 V¥ £.9102% 160.000 1.808 4.525 4.654 | 1.305 0.864 0.262 | 0.151 0.033 0.035 | 0.004 U= 230.570 ¥ 0.13428 100.000 0.088 0.061 0.081 0.013 0.017 0.048 0.085 0.030 0.009
I= 6.310 & 100.000 | 21.712 | 82.408 | 40.571 | 4.27% 5.864 3.962 | 1.268 1.288 0.317 | 0.317 I= 6.380 A 100.000 | 44.201 | 83.542 | 47.022 12_696 6.270 1.097 0.784 0.470 0.313
231.810 ¥ 7.53547 100.000 0.242 5.781 4.620 | 0.2z 1.183 0.483 | 0.038 0.112 0.035 | 0.009 U= 231.240 W 0.09882 100.000 0.02z 0.043 0.052 0.043 0.030 0.009 0.043 0.074 0.035 0.004
I= 8.120 & 100.000 | 13.670 | 71.798 | 36.823 | 4.064 4.680 2.833 | -232 1.108 0.365 | 0.368 I= 5.530 & 100.000 | 14.703 | 70.307 | 45.255 5.422 | 12.z00 6.048 0.834 0.834 0.417 0.102
Voltage Voltage
100+ 100+
10+
" [ | B
%
0.14 ]
0.0+
0.001+
0.000-1 1
1 3 5 7 ] 11 13 15 17 18 21
Order Oilss
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Case Stu dy . 0SS 3 Example on a 2’500 kVA, 33 kV / 400 V transformer

Without THD Control With THD Control

No-Load Loss Measurement 590 - C:\..\Data\2500kVA
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Case Study: Loss 4
; ; Difficulty:

Situation Problem L
No Load Loss measurement on Higher loss readings
a distribution transformer

Failure:

System

Can be avoided:

Cause Consequence Vs
Unsymmetric voltage Higher loss readings
waveshape

Dangerous:

No
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Case Study: Loss 5
Situation Problem E(i)f\t\ilculty:
No Load Loss measurement on Higher loss readings
a transformer
Failure:
Human

Can be avoided:

Cause Consequence vl

Magnetized core Higher loss readings

Dangerous:
No
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Case Study: Loss 5

m Prehistory of magnetization

m Remanence in the core after saturation during winding resistance meas. or by
unidirectional long-duration impulses, may leave a trace in the no load loss meas.

m A systematic demagnetization of the core before no load meas. is recommended to
establish representative results

IEEE Std C57.123-2010 [3.2.2]
60076-8 IEC:1997 [9.6]
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Case Study: Loss 5

m ABB Book: ABB_2010 Testing of Power Transformers and Shunt Reactors, Routine Type and
Special Tests, page 72 - the No-Load loss:

Before the loss measurements actually take place the
transformer to be tested must be excited by 1,110 1,15
times raled voltage. The over-excitation reduces the
effacts of remanence caused by DC current excitation
during resistance measurements or from the switching
impulse. The correct no-load loss cannot be seen until
there have been several cycles of the magnetizing
characteristic. During this process the readings of the
ammeters and wattmeter decrease. When the meas-
ured figures are steady, the actual loss measurements

can start.
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Case Study: FRA

: : i Difficulty:
Situation Problem: Medium - High
FRA Measurement on power Measurement differs from
transformer reference

Failure:

human

Can be avoided:
Cause Consequence Ve
Multiple: Oil, magnetization, FRA shows deviation
connection, temperature

Dangerous:

No
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Case Study: FRA

m Power Transformer filled with different oil onsite as at the factory

|

=20

=30 \

NN
) —40 \:'\ Jd 1/}\‘\
s N 7/ 7l
\N‘\ / \/

L -50 s ]
E N4
Q —-60 NN -
E N
< \

-80 — Natural ester |

=— Mineral oil
-90 LI [ 1 L
10’ 10 10° 10° 10° 10°
Frequency (Hz) IEC 1385/12

Figure B.12 — Effect of different types of insulating fluid on frequency response

Ref: IEC 60076-18 ed 1.0
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Case Study: FRA
m Power transformer measured onsite before filling the oil
=20
=30 M
40 AN i /
g N A% | |
B3 A1
- N LA 1
£ A\ /
R IN ,/
Y/ 1l
-80 = Full oil —
— Without oil
-90 T W RTIT
10 10 10° 10* 10° 10°
Frequency (Hz) IEC 1386/12

Figure B.13 — Effect of oil filling on frequency response

Ref: IEC 60076-18 ed 1.0
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Case Study: FRA

m Power transformer measured after winding resistance measurement without

demagnetization
10

° I

-10

=20

_30 ‘\\::\ , ! \ A /W\‘A

—40 -
N . A WA
N
50 \\ |
-70 \ == Before DC |
V — After DC

—-80 | NNl
10" 102 10° 10* 10° 10°

Frequency (Hz) IEC 1387/12

Amplitude (dB)

Figure B.14 — Effect of a DC injection test on the frequency response
Ref: IEC 60076-18 ed 1.0
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Case Study: FRA

K

m Power transformer measured at different temperature

Amplitude (dB)

0
10
20
-30&
- PR YA
~50-
50
— 32°¢C
70 N
— 80°C
. I O
0 0.5 1.0 13 20
Frequency (MHz) IEC 1390/12

Figure B.16 — Effect of temperature on frequency response
Ref: IEC 60076-18 ed 1.0
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Case Study: FRA

K

Power transformer measured with bad connection

Amplitude (dB)
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N-\.\ A \/\g/ﬁ\\ A ‘//‘/A
A "N d g I J |~
K / ,.»/'::/w
AR A "
d y

| — HV to N (good measurement)

— HV to N with bad connection at N

- Hv to N with bad connection at HV
L Iintl | L1 | Lt

102 10° 10 10° 10°

Frequency (Hz) IEC 1391/12

Figure B.17 — Examples of bad measurement practice
Ref: IEC 60076-18 ed 1.0
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Case Study: FRA

At the highest frequencies of above 1 MHz (> 72,5 kV) or above 2 MHz (< 72,5 kV), the

response is less repeatable and is influenced by the measurement set-up, especially by the B
earthing connections, which effectively relies on the length of the bushing. = N C
O
A
0 o
I I m |
A B c
-10 1
I
-20 \ u E
\ / =
-30 A |
N T ) /] | —G
& -40 N J >,
S SN Wl '
N \ /
(V] NS C
-50 ] |
E N {/ ¥ H
8 N ] ' p_
E 60 : —
< ‘ l i i
\ Nt - J =
-70 \ IEC 1371/12
I i i
80 } A connection clamp
! | | B unshielded length to be made as short as possible
-90 1 - ; - . . . C measurement cable shield
10 10 10 10 10 10 10 D central conductor
Frequency (Hz) [EC 1379/12 E shortest braid
F bushing
Influence regions: & carth conmeciibn
7 e H earth clamp
interaction between windings e
an

[

smallest loop

Ref: IEC 60076-18 ed 1.0 70

B
C winding structure
D

measurement setup and lead (including earthing connection)
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Case Study: PF 1

: : i Difficulty:
Situation Problem: .
Power factor measurement on Wrong measurement
transformer
Failure:
human
C Con n Can be avoided:
ause onsequence o
Dirty bushing Leakage current increases the
power factor
Dangerous:
No
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Case Study: PF 2

: : Difficulty:
Situation Problem: - -
Power factor measurement on Wrong measurement
transformer

Failure:
human
Cause Consequence cd1 e avoiden,
Yes
High humidity during the Leakage current increases the
measurement (morning, after power factor
rain, snow, etc...) Dangerous;
No
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Case Study: PF 2

m  Rules of dump
m 65 % rel. humidity: 10 x higher leakage current
m 80 % rel. humidity: 100 x higher leakage current
m 95% rel. humidity: 1000 x higher leakage current

m Depending on the test object, leakage current can have a large impact. We do not
recommend to measure above 65 % - 80 % rel. humidity

74
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Case Study: PF 3

. . Difficulty:
Situation Problem: i y
Power factor measurement on Wrong measurement
transformer

Failure:
human
Cause Consequence C e
Yes
Wrong temperature correction Temperature correction
depends on the test object. A
wrong setup gives high Dangerous:
deviation No
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Case Study: PF 3

Temperature correction example

midas 2880 - Build 1.0.2 40 -Simulated- C:\__\Transformers\Trafo 3 Ph YN-d

;ﬁ‘ DUT Info El:g“ Settings :I‘F“ Cptions

:l:l::? Auxiliary

—Ambient

r Device Under Test (DUT) Insulation

Temperature I Boo-c Temperature I z200°C
p 2 - i 1
[=}- Liquids Hurridity -
) ) ) Temperature Correction Factors K Conventional
W Conventional Insulating il i s O O o
Askarel
Act Temper
Silicon Qils - New K= 153
Silicon Qils - Service aged W Liguids : Cor
(<] - Bushings -
4] | »
ct|zc [4C |eC |aC [1oc|izc|14c|iec|iec |20t | 222 |24:C | 26°C | 22°C [ 30°C | 32°c [ 34+ | 36
F* | 36°F |29°F | 43°F | 46°F | 50°F |54°F |57°F |B1°F |64°F [E8°F |72°F | 75°F |?9°F |82°F |86°F |90°F [93°F |97
K |0BE 068 0BY 070 072 076 081 0.86 083 1.00 110 1.20 1.32 143 1.72 189 |20
4
High Yoltage High Yoltage Service @
Onl N oF @ Setup Sl @ | He

76



w2

HAEFELY Il
HIPOTRONICS Il

Case Study: PF4

. . Difficulty:
it :
Situation Problem: oui
Power factor measurement on Impossible to perform correct
transformer measurement
Failure:
System
Can be avoided:
Cause Consequence Ve
GST setup is needed, but the If the power supply does not
power supply is not compatible have a separate ground output,
is it impossible to perform a Dangerous:
GST measurement. No
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Case Study: PF4
m  UST and GST test setup:
e ______ nghVoItage e | Test object is:
7N . power supply is |  connected to |
—._'.D-UT == -connected to earth: —_ A ' == | earth
i | S it - T~ _fLEC‘-’ =T
il il @ = i
_(DCx ja (DE

— PP
m/ A
e

DBP

Ungrounded specimen test UST Grounded specimen test GST
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Anything that can go wrong will go wrong,




-

e HAEFELY I
2% HIPOTRONICS Il

Technology level

m [If a system is the cause of a fault, upgrading the system would be the solution

Better technology will avoid system failure!

81



ey

+%Y  HAEFELY HE
% HIPOTRONICS Imm

Safety

m Half of the dangerous situations are caused by the system technology. Upgrading the
system would fix the problem.

Think safety first and if requested upgrade the system!
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Knowledge

m Half of the problems are linked to operator knowledge. Read the user manual first and get
trained!

'KIEEP
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(Y OURSELF
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