Control of an offshore wind power plant: Emulated inertia

9.1. 109% PENETRATION
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9.1.2.

NO FREQUENCY RESPONSE
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9.1.3.

H=0

501

INERTIA CONTROL VALUES
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&01
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10% Wind Penetration with Inertia 4: Frequency response in Area 1{Hz)
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10% Wind Penetration with Inertia 6: Freguency response in Area 1(Hz)
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H=10

&01
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9.1.4. DROOP CONTROL VALUES

DROOP= 0%
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DROOP=1%
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DROOP=2%
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DROOP=6%
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DROOP=10%
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9.2. 159% PENETRATION

9.2.1. DEFAULT VALUES
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9.2.2. NO FREQUENCY RESPONSE

15% Wind Penetration with na Frequency Control: Frequency response in Area 1(Hz) 15% Wind Penatration with no Frequency Control: Frequency respanse in Area 2(Hz)
501 - - - . . . 0.1 - . - . . .

.05 : B s | : : : B
50

4995 45.85

9 832
S I
S s £ pes
£ £
95 83
1975 975
97 87
1965 965
o8 ‘ ‘ ‘ ; ‘ ‘ . ‘ ‘ ‘ N
G 0 % Ex E3 0 I3 il I5 20 % Edl E3 0 3 50
Time (seconds) Tirme (seconds)
15% Wind P with no Frequency Gontrol: Frequency respanse in Area 1(Hz) 18% Wind Penetration with no Frequency Cortrol: Electrical Power(p u)
50.1 , , , . . 1 . . : r T
o
£
-
P
g
g
]
S
g
z
o8 ‘ ‘ ‘ . ‘ ‘ 0 ‘ ‘ ‘ N
G 0 % Ex E3 0 I3 il Is 20 % Edl E3 0 3 Eil
Time (seconds) Tirme (seconds)
15% Wind Penetration with no Frequency Control: Electromagnetic Tarqueqp. ) 15% Wind Penetration vith no Frequency Cortrol: Rotor Speedip.u)
04 " .
: 13 b
05 : 1 1.18 B
i :
' : ERRL
108 : 1 |
o i
= TR 1 T SO OO PO SOt FOUUSPTOOOE AUUSRTOOUOE SOOTOPPUORPE ORI
07 ]
112 —
o8 ; ; ; ; ; ; " ; ; ; ; ; ;
15 2 = ES E5 0 IS 50 15 E % 0 E5 0 5 50
Time (seconds) Titne (seconds)

14



Control of an offshore wind power plant: Emulated inertia

9.2.3. INERTIA CONTROL VALUES
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H=10
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9.2.4. DROOP CONTROL VALUES

DROOP=0%

15% Wind Penetration with Droop 0: Frequency response in Area 1(Hz)

.05 : 1

4395

4385

Frequency (Hz)

4375

437

4385
96 i i i i i i
18 20 2 30 ES 40 45 a0
Time (seconds)
15% Wind Penetration with Droop 0: Frequency response in Area 1(Hz)
0.1 T T T T T T

Freguency (Hz)

o5 ‘ ‘ ; ‘ ‘ ;
15 20 25 30 35 40 45 50
Time (seconds)
15% Wind Penetration with Droop 0: Electromagnetic Torquelp.u)
04 T T T T T T
05k 4
i
J
R .
e
i
07k 4
08 i i i i i i
15 20 25 30 35 40 45 50

Time (seconds)

a0.1

15% Wind Penetration with Droop 0: Frequency respanse in Area 2(Hz)

50.05 -

4395

4385

Frequency (Hz)

4375

437

4385

18

i i
0 E3
Time (seconds)

i
20 2 a0

15% Wind Penetration with Droop 0: Electrical Power(p.u)
1 T T T T T T

L i
30 35
Time (seconds)

15 25

158% Wind Penetration with Droop 0:

Rotor Speed{p.u)

W

112 : ; ; 1

i i
30 35
Time (seconds)

20
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DROOP=1%
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DROOP=2%
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DROOP=6%
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DROOP=10%
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9.3. 20Y% PENETRATION

9.3.1. DEFAULT VALUES
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9.3.2. NO FREQUENCY RESPONSE
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9.3.3. INERTIA CONTROL VALUES
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H=10
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9.3.4. DROOP CONTROL VALUES
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DROOP=1%
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DROOP=2%
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DROOP=6%
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DROOP=10%
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9.4. 259% PENETRATION

9.4.1. DEFAULT VALUES
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9.4.2. NO FREQUENCY RESPONSE
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9.4.3. INERTIA CONTROL VALUES
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H=10

25% Wind Penetration with Inertia 10: Frequency response in Area 1(Hz) 25% Wind Penetration with Inertia 10: Frequency response in Area 2(Hz)
T T T T T T 0.1 : : T T T T

50.05 > q 50.05

4385 4385

49.9 43.9
£ £
2 1985 2 1985
= =
H H
& &
43.8 49.8
4975 49751 : ; i 1
4071 i 4071 i
4985 |- 1 4985 |- 1
96 i i i i i i 96 i i i i i i
13 ] F3 ] E3 40 45 50 13 ] F3 0 E3 40 45 50
Time (seconds) Time (seconds)
25% Wind Penetration with Inertia 10; Frequency response in Area 1(Hz) 25% Wind Penetration with Inertia 10; Electrical Power(p.u)

1 : . T : : ,

Fraquency (Hz)

195 ; . i i H ; 04 i i i . H i
15 0 25 30 35 40 [ Eil 15 0 25 30 35 40 [ Eil
Time (seconds) Time (seconds)
25% Wind Penetration with Inertia 10: Electromagnetic Torqua(p.u) 25% Wind Penetration with Inertia 10: Rotar Sped(p.u)
04 . T

15 ] F3 ] E3 40 45 50 15 ] F3 0 E3 40 45 50
Time (seconds) Time (seconds)

43



Control of an offshore wind power plant: Emulated inertia

9.4.4. DROOP CONTROL VALUES
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&0.05

&0

4985

49.85

Frequency (Hz)

4975

497 -

4985 -

25% Wind Penetration with Droop 0.01: Frequency response in Area 1(Hz)
T T T T T :

i i
0 3 il E3 40 45 50
Time (secands)

25% Wind Penetration with Droop 0.01: Frequency respanse in Area 1(Hz)

Frequency (Hz)

JFCR] S

Time (seconds)

25% Wind Penetration with Droop 0.01: Electromaghetic Torqua(p.u)

0 3 il E3 40 45 50
Time (secands)

25% Wind Penetration with Droop 0.01: Frequency response in Area 2(Hz)
T T T T :

&0.05

4985

49.85

Frequency (Hz)

475 : : : ; : .
47k ; : : ]

4985 - 4

i i
15 0 3 il E3 40 45 50
Time (secands)

25% Wind Penetration with Droop 0.01; Electrical Power(p.u)
T . T T

H ; i
15 20 F3 il E3 40 45 50
Time (seconds)

25% Wind Penstration with Droop 0.01: Rotor Spead(p.u)

15 0 3 il E3 40 45 50
Time (secands)

45
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DROOP=2%
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DROOP=6%
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DROOP=10%
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Control of an offshore wind power plant: Emulated inertia

9.5. 30Y% PENETRATION

9.5.1. DEFAULT VALUES
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Control of an offshore wind power plant: Emulated inertia

9.5.2. NO FREQUENCY RESPONSE
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Control of an offshore wind power plant: Emulated inertia

9.5.3. INERTIA CONTROL VALUES

H=0
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H=10
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9.5.4. DROOP CONTROL VALUES
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30% Wind Penetration with Droop 0: Frequency response in Area 1(Hz) 30% Wind Penetration with Droop 0: Frequency response in Area 2(Hz)
T T T T T a0.1 T T T T T
50.05 - 50.05 -
s0f s0f
49,95 49,95
199} 199}
£ £
2 am85f 2 am85f
T T
find find
198 198
4975 4975
87 87
49.65 49.65
195 i i i i i i 195 i i i i i i
15 0 25 0 E 40 45 Eil 15 0 25 Ell E 40 45 Eil
Time (seconds) Time (seconds)
30% Wind Penetration with Droop O: Frequency response in Area 1(Hz) 30% Wind Penetration with Droop 0: Electrical Power(p.u)
0.1 T T T T T 1 T T T T T T
50 03 g
= B b B ]
T 43 |
P
2 4
ERCLES
BTN S B ]
49.7 05 ]
496 i i i i 1 i 0.4 i i i i 1 i
15 0 25 0 E 40 45 Eil 15 0 25 Ell E 40 45 Eil
Time (seconds) Time (seconds)
30% Wind Penetration with Droop 0: Electramagnetic Torque(p.u) 30% Wind Pengtration with Droop O: Rotor Speed(p.u)
04 . T T T
12 //_,k_——/—'—'—‘*;
05 H 1 1B E b R PP A e 4
| [f_ I
E 2116 : 1
(] ISR ce b i :
" * b 1
07 b e e
112 1
08 i i i i i i 11 i i i i i i
15 Pl 5 30 E 40 45 50 15 Pl 5 30 E 40 45 50
Time (seconds) Time (seconds)

56



Control of an offshore wind power plant: Emulated inertia

DROOP=1%
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DROOP=2%
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DROOP=6%
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DROOP=10%

30% Wind Penetration with Droop 0.1: Frequency response in Area 1{Hz) 30% Wind Penetration with Droop 0.1: Frequency response in Area 2{Hz)
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9.6. WIND SPEED 10M/s

9.6.1. DEFAULT VALUES

30% Wind Penstration with Default Data (10 mis): Frequency responss in Avea 1{Hz) 30% Wind Penstration with Default Data (10 mis): Frequency responss in Avea 2(Hz)
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10% Wind Penetration with Default Data (10 m/s): Pitch angle
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9.7. WINDSPEED 15M/s

9.7.1. DEFAULT VALUES
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10% Wind Penstration with Default Data (15 mis): Frequency response in Area 1{Hz)
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10% Wind Penetration with Defautt Data (15 mis): Electrical Power(p.u)
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9.8.

9.8.1.

Fraquency (Hz)

WIND SPEED 17 m/s

30% Wind Penetration with Default Data (17 rm/s)
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Frequency response in Area 1(Hz)
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Picth Angle

10% Wind Penetration with Default Data (17 mis): Pitch angle
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