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IFEA — Institut far Elektrische Anlagen

www.ifea.tugraz.at

Energie sind zum Nutzen der Menschen und der natlrlichen
Umwelt weiter zusentwickeln!

Die Mittel dazu sind:

!
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P |
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IFEA — Institut far Elektrische Anlagen

Wir verpflichten uns zu

Wahrheit,

Objektivitat,

Neutralitat
Univ.-Prof + Ao. Univ.-Prof + Senior Researcher 3
Univ.-Ass. + Univ.Projekt-Ass. 3+14 = 16
Studentische Mitarbeiterinnen 8
Lektoren und Gastvortragende 15
Partner/ Kontakte 105

Elektroindustrie,

National und International (AT, EU)

Privatwirschaft (AT, IT, DE, CZ, BLG, MKD, TR, GB, FR)
Kooperationen, ...

Projekte (pro Jahr) ~ 60
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The Electrical System - Structure

Substation /

(D/Q‘)/@/@/@/ '- ) Ring main unit
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The Electrical System — Fault Behaviour (1)

-—vV\/\/U

Substation /

GG g Ml

B Univ.-Prof. Dr. L. Fickert Kaprun, 2013-0923 Voltage Ride Through
8




Institut fur ﬁ
A Elektrische Anlagen -IG-rla!-

The Electrical System — Fault Behaviour (2)

-—vV\/\/U

EHV, HV

/

MV

LV

Substation /
® Ring main unit
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Effect of Different Protection Schemes

by

- - -
-

Radial System (MV + LV)

G2

i i it

20%(19,6%) l 20%(19,4%) 20%(19,2%)
H J
- |- .

s ()] ‘

i

Al

Meshed System (HV + EHV)

. Univ.-Prof. Dr. L. Fickert

Kaprun, 2013-0923

Voltage Ride Through ‘

11



Institut fur
A Elektrische Anlagen -IG-rla!-

LVRT — Problem: Generator View

UGen A
UGen >
Grid g
PGen *
t=0 ,
P=3UI cosp t
A
l nGen ------ -
0 — P=0 — overspeed critical?
{=
0
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A :leéwﬁtsz:l#e Anlagen ﬁ-grla!-
System Stability— P(f)

-—\./\/\/\fU
W =W ... Law of conservation of energy
W = Welectr + Wmech
.[ I:)Turbdt = I I:)ele(:tr dt + G)wmech °2 | d/ dt
I:)Turb = I:)electr + G)(Dmech *d(Dmech /dt | Omech Q)e|ectr:2'le
/< G)(’L)N*dw/dt = Prub - Pelectr
' Ow\2/2 = P ,*H (inertia constant)

d(/f) 1 d(UH) =Ap 12 |Ap= (P

- I:)electr) / PGenset

\ . .
Example 1 (generation mix)
f=50 Hz H = 3 (gas tubine) ...5s ... 8 (steam turbine) s
- df/dt = 5*Ap [Hz/s]

Example 2 — Overload in interconnected grid mode
Psystem = 500°'000 MW - 499’700 MW (= - 300 MW)

Ap - (PTurh - Pplprtr ) /PGpnqpt = - 300/ 500'000 = - 010006
-> df/dt =- 0,003 Hz/s
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System Stability— P(f) Closed Loop Control — Overloavciw\/U

Centrifugal Pendulum

Less frequency - Less speed - I\/Iore power input =

l Overload =2
Less Overload
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System Stability— P(f) Closed Loop Control — De-IoadngMN

Centrifugal Pendulum

De-loading » 11— ).
l More frequency = More speed > Less power input -
More loading
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Energy Considerations

Daily Load Curve
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System elasticity through the adaptive (P/f-control) production of
 fossil power plants or
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Energy Considerations

Daily Load Curve - Breakdown of Energy Sources
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Energy Considerations
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Energy Considerations
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Energy Considerations

Daily Load Curve - Breakdown of Energy Sources
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Energy Considerations

Daily Load Curve - Breakdown of Energy Sources
Challenge: optimization of the power plant park
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LVRT — Basic Requirements

Pcc: Voltage Limit Curve
Lower voltage
N g
YUT | Above red line: - | band
100%™y trip accepted! '
an Below red line:
700/0"7”” N e no trip!
I B i i
150 -f- e —
| | | >
€15o 700 1.500 3.000 Zeitin ms
Moment of Fault
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LVRT — Specific Requirements: Single Generator (1
Low Voltage Fault Ride Through (LVRT — Synchroneous Generator, Typ B)
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LVRT — Specific Requirements: Single Generator (ZlM/W
Low Voltage Fault Ride Through (LVRT — Synchroneous Generator, Typ C)
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LVRT — Specific Requirements: Power Plant Park (1
Low Voltage Fault Ride Through (LVRT — Synchroneous Generators, Typ B)
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LVRT — Specific Requirements: Power Plant Park (2

Low Voltage Fault Ride Through (LVRT — Synchroneous Generators, Typ C)
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Network Codes In different Countries SV

~-Germany MV

~Denmark-3 phase

UlUn (percentage)

~~Denmark-1 phase

~—Brazil

=«France MV

-500 0 500 1000 1500 2000 2500 3000 3500 4000 450 5000 5500 6000
Time (msec)
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LVRT — Under-/Oververvoltage Protection Requirements (2)

u/u,
—_—r

100 _|
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Tripping Area - Overvoltage Protection

t Maximum permissible continuous operating voltage

Min.perm.cont.oper.voltage
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LVRT - Test Simulation

Schematic Diagram of a transformatorbased Test Set-up

Gesamt-Teststand

Kurzschluss- Transformator

Simulator (optional) Energie-

versorgung
- (O)—1 prufing K

Unew | 2V Bzk |Yrener  Ueze | (EZE) | Ejektrisch/
Msp mechanisch

7

L ]
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LVRT - Test Simulation

M/\/\fU
Schematic Diagram of a transformatorbased Test Set-up
Gesamt-Teststand
: Energie-
I(t) versorgung
_—
! u(t) Prafling (|
Netz (EZE) Elektrisch /
Nsp — mechanisch
— u(t) = Ucos(wt) + Ly, di(t)/dt
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Simulation LVRT — Modell (2)

Three-Phase Source 1

Three-Phase Breakerl Three-Phase Breaker2
] ] Ls
R —] Al—s|a A ‘s—e A A ‘H a
ﬂbté }BH‘ ‘Hbtﬁ e
—=|c cle—s|c Ce—|C Ce—slc -
L4 3

_____
—————
==

=
< @ o
................ o P~
Three-Phase Breaker I}I <k . LT L A
— i fm—— — .
o . I3 L

< @
Measure
[Three-Phase Source
Phasors

powergui
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LVRT — Influence of Fault Clearing Time (1)

Terminal voltage
1,20 —————r—————r————————————— — —

-\./\/\/\fU

|
|
1,00 | ————— b

080} —————F——f—

Inertia constant H = 0.32 s
Fault clearing time|t,.,, = 200 ms

0,60 |- —————

0,40 |- —————

0,20 — - : :
9500 10,00 10,50 11,00 11,50 [s] 12,00

Active Power Rotational speed

2,00 1,050

1.50 1,025

1,00 1,000

0,50 0,975

0,00 0,950

-0,50 ' : ' : ' 0,925 — : - : -
9500 10,00 10,50 11,00 11,50 [s] 12,00 9500 10,00 10,50 11,00 11,50 [s] 12,00
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LVRT — Influence of Fault Clearing Time (2)

Terminal voltage
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LVRT — Test Simulation (3)

Voltage
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LVRT:. 5.5 MVA/10.5KkV gas-engine-driven generator; dip = 150 ms

Terminal Vokage [pu]

Robor Speed [pul

130

A rTT T T T T T T T T T T T T al
1 1 1 1
1 I I 1
1.0 4 k i i
N | :
1 ] I I ]
1 1 1 1
070 =t | r 1 1
I ) ) I
i i i i
D.30 4 b i 4
] I i ]
] I I ]
oan 1 1 1 1
15.00 1540 15.80 16.20 1660 [8] 17.00
—— Measurament: Temminal Votags MEASURED
——— U_PeaSeq_EMT Teminal Voltags SMULATED EMT
——— U_PesSeq_RME: Terminal Veiage SIMULATED RMS
M- B i Tommm e e - B e 1
1 1 I I I
- i i 1 | :
R 3:': 1 1 I I I
i | | 1 | |
: : : | | |
B i i i —_— i S i
£ H o [ i
G I I
- fmm i
i i i
i i i
I I . I
15,00 15,40 1580 1620 16,60 1= 17.00

Mleasurament Active Power MEASUSED
— P PosSeq EMT: Active Pawer SIMULATED EMT
F_PosSeq RMS: Acthve Power SIMULATED RMS

13,80

15,40
Rotor, Speed MEASURED
Rotor EMT: Rotor Speed SIMULATED EMT
— Retor_RME: Retor Speed SIVMLUILATED RMS
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LVRT: 0.78 MVA / 0.4 kV gas-engine-driven generator; dip = 150 ms

Terminal VaRage [pu)

. L - - il . -
10,00 10.20 10,40 10.60 1084 [s]
L_PosSeq. Teminal Woitage EMT Sim
U_PosSeq: Temninal Usitaga RMS Sim
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1,180 . = . -
1 1 1 1
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g™ ! | | i
= i i i i
F T | 1 1 1
i i i
,Iﬁ | f 1 1
5 1.000 - : :
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0950 e : 1 : :
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0500 I i i i
10.00 1020 10,40 10.60 10.80 k1] 1.0
GEJ BRI Roler Soeed EMT Sm
i i
3 : :
!3 - i
2 1 !
o i i
i i |
‘E + 4
1 |
ir i I
1 1
- 1 1
1 1
i 1
-180.0 1 L 1 L
10000 10.20 1240 1060 10,69 (s] 1100

GEJ BR 3. Rotar Angle EMT Sim
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LVRT — Inverter Behaviour (1)
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LVRT — Inverter Behaviour (2)

800 200
uWR(t)
600 - |Abgang(t) - 150
u (1)
400 Abgang 1100
> 200+ - 50
= <C
= £
9 %)
" 200 - 1-50
-400 - --100
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LVRT — Inverter Behaviour (3)

400 , _ 200
| . LIAbgang(t)
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g n
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LVRT - Test Simulation

M/\/\fU
Schematic Diagram of a transformatorbased Test Set-up
Gesamt-Teststand
: Energie-
I(t) versorgung
_—
! u(t) Prafling (|
Netz (EZE) Elektrisch /
Nsp — mechanisch
— u(t) = Ucos(wt) + Ly, di(t)/dt
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