U G

Riuzgar Enerjist Donusumu Elulatoru

5. Izmir Riizgar Sempozuumu ve Sergisi

Siamak Pourkeilvannour

R‘ 'ZGEM A\ ORTA DOGU TEKNiK UNIVERSITESI
U MIDDLE EAST TECHNICAL UNIVERSITY

. www.ruzgem.metu.edu.tr
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Hesaplamali Aerodinamik
Deneysel Aerodinamik
Yap1 ve Malzeme
Elektromekanik

Blyuk Ruzgar Tuneli

ODTU Riizgem

Interchangeable Test Sections
Aeronautical Test Section
25mx25mx10m

B0 mis m; o
DA%
High precision balance
Boundary Layer Test Section
Ex315 kW Axial Fan Aray GmxTmx20m

METUWIND Large Scale Multi-Purpose Wind Tunnel

Detail Design - April 2014
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Basliklar

Rlzgar Turbunt Emulatori
MPPT Yontemler: Uygulamasi

Emilator Uzerinde BlyUk Ruizgar Turbinlerini Olcekleme Yontemi
Ile Emulasyon

Ada Modunda Calisan Mikro Sebeke

€9 METU POWER LAB



Rlzgar Turbini Emulatord

Rizgar Profillerini Sisteme
Uygulama

MPPT Algoritmalarini Sisteme
Gelistirme

Guivenli Test Ortami

Sebeke Hatalarini Olusturma ve

C6zUm Uretme

Wind AC-DC
Power
Rectifier

Wind Trubine

— AC-AC

Frequency Comverer

Motor

e
=

DC-AC

pEO/plD

a)Wind Energy Conversion System

Inverter

=
=

DC-AC

Generator Rectifier

b)Wind Energy Conversion Emulator

peoT/pn

Inverter
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Emiilatorden S B

veri toplayip

Time (5}

kurulumu RUZGAR DATASI

kontrol
etmek igin
LabVIEW'i

kullanir

ARAYUZU PROGRAM

120 140 180 180

Rlzgar Turbini Emulatord

Sistem gligii 10 kW

LABVIEW ACsiiriiciilerde |
iletigim kurmak igin TCP- |

’

e

AC/AC

\

AC SEBEKE

ASENKRON
MOTOR

A

A
DAQ CiHAZ

Tork OLCER Em

&®
JENERATOR | AC/DC

| IP baglantisini kullaniyor |

Grid Data

| Sebeke simiilatorii
| sebeke davranisimi |

* Kullanicr tarafindan

taklit eder.

programlanabilir.

DC/AC

Sebeke
Simiilatorii

4 %

AC SEBEKE

Arayuzu Bilgisayar
AC-DC-AC
Doniistiirticiler

Sabit Miktatisli Jenerator
Sincab Kafesli Motor
Tork Olcger

Veri Toplama ve Kontrol
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Rlzgar Turbini Emiilatorii Araytliz Programi

Magtrol/HIOKI ‘ Power-Time Graph

Monitoring | ') I g I I
— Torque-Time Graph ‘ Shaft Speed-Time Graph ° Tu rbln Ozel I I klerl
mmmmmmmmmmmmmmm | St sped e | . SR
= ® Ruzgar Hiz1 Girisi
- ew . '
* Jenerator Hiz Referance/MPPT

* Saft Tork ve Hiz

& 2T50.0-
x

* Voltaj Akim ve Gii¢ Verileri

T T ' T 0 v 0 0 T B T v v T i i v
00 300 o0 1300 2000 2500 3000 30 4000 400 HNO0 M0 G000 &0 G0 o £
RPM
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11

MPPT (Maksimum Guc¢ Noktas1 Takibi) - B .

Wind Speed (m/s)

A 01 O N ®

o Optimum Tip Speed Ratio

0.5

450
400

350
300
250
200

150 ’
100

50

P, =0.5p C,(A, BAV?

0.4

Shaft Speed (RPM)

_CS

Cp(}\,B) _Cl }\_—C3B—C4_ e +C6}\
l

C, (A.B)
T

4000
02

3500
. Aopt v % 3000
wopt - R g 2500

0.1 & 2000

5
2 1500
g
3 1000

0 I I 500 /~

0
0 2 4 0 10 20 30 40 50 60 70 80 90
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MPPT (Maksimum Gi¢ Noktas1 Takibi)

Start with initial

 Hill Climb Method

7000 T 8000 Measure win) » H:l;w};-;il;he
V=12 m/s
Haold P{nj for the
5000 6000 Messure P} et tarmtion
z
2 00 ~ 5000
= =
= o i -
= 4000 = Sign[F{ n}-P{n-1]]
O 3000 - '%J V=10 m/s
£ )
5 2 3000
™ 2000 -
2000 1
1000
____‘/ 1000 )
0 Winlj=win)-D{wi Win+ Li=win)+Dfw)
0 100
° |
0 100 200 300 400 500 600 700
RPM
Wn+1=\Wref
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Dinamik Davranisinin Olcekli Emiilasyonu

P, =0.5pC,(A,BA V3

0.5p Cp(A,B)A V3

Wt

Jt dwtg Tt
=t 7

~
|l

/ dwt.g /
Ut) dt =Tt_Tth

frequency converter

Ful

------

scale

:@B@/ Grid /
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Dinamik Davranisinin Olcekl
Emulasyonu
dweg 1 T'y —Tyy
dt Ky Jeg

_ 1 T'¢[n] - Tty [n]
At K, Jeq

Awegn + 1]

Weg N + 1] = weg[n] + Awey[n]

Initial shaft spoed

Wind Speed entered ]

from interface

Turbine torque is
converted to p.u.

Ty s entered to
Load torque is

o —

converted to p.u.

the system manually
or calculated by
a developed MPPT algorithm

Iteration

Ar =1

A

b

waits for
seconds

Equivalent inertia is

calculated from eq. 16

from eq.3 for

|
| e is calculated
| At = 1 seconds

The new shaft speed is calculated
wg(n+ 1) = wg(n) + Awg

|

Turbine torque and shaft speed
are converted to rated values

|

Turbine torque and shaft speed
are sent to IM and PMSG drives
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Simulasyon Sonuglar1

Real Wind Turbine Wind Speed

Scaled Turbine Wind Speed

Wind Speed (m/s)
~ o
g% =y
Wind Speed (m/s)
~
%]

(3]

@
~
1

(o2]

0 5 10 15 20 25
Real Wind Turbine Torque

(]
o
o
()]

10 15 20 25 30
Scaled Turbine Torque

0.6 T

=2
(=2}

<
=~

Torque (p.u.)
<
[\

Torque (p.u.)

| I L |

0 1 1 | I 1 0 1
0 5 10 15 20 25 30 0 5

- Real Generator Shaft Speed

10 15 20 25 30
Scaled Generator Shaft Speed

o N ™ ©

Shaft Speed (p.u.)
o o o O

| 1 1 |

Time (s)

10 15 20 25 30

Time (s)
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Wind Speed (m/s)
o ~ o«
D [#}] [\ E=N

o
~

o
o

Torque (p.u.)

Shaft Speed (p.u.)
o o o o
o)y =~ 0o W

Deneysel Sonuclar

Real Wind Turbine Wind Speed

0 5 10 15 20 25 30
Real Wind Turbine Torque
\ —Turbine
---Load
\\
/_____——-__
0 5 10 15 20 25 30
Real Generator Shaft Speed
0 5 10 15 20 25 30
Time (s)

Turbine Torque (p.u.)

Shaft Speed (p.u.)

WTE Turbine Torque
0.6

0.5
0.4

0.3

0.2
01

0 5 10 15 20 25 30

WTE Shaft Speed

0.9
0.8
0.7
0.6

0.5
0 5 10 15 20 25 30
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Initial Shaft Final Shaft | Time Constant| Shaft speed Shaft speed

Simulasyon ve Deneysel Sonucglar1 Karsilastirmasi

Speed Speed for 63%o of value after 1 | value after 5
(p.u.) (p.u.) Exponential | time constant | time constant
Growth (p.u.) (p.u.)
(s)
1.5 MW Sim 0.509 0.615 3.43 0.5761 0.615
Scaled Down 0.509 0.615 3.43 0.5761 0.615
to 10.8 kW Sim
Scaled Down 0.51 0.61 4 0.58 0.61
to 10.8 kW
WTE
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Labratuvarda Bir Mikro Sebeke Energy

Storage

e Ana Sebeke

Yukler

Guc Ureticileri ‘ I

Enerji Depolama Unitesi Main Grid g_/:-%é

Local Loads Local Renewable
Generators Energy
Sources
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Sebeke Standartlar

s R F fif:)
Above 52.0 Hz Self Protective Tripping of
) Genemtors allowed
1 b— . ..... £ B NG g s Ei G BEEIR EEes f ...... 520
: [taly . Germany , T
09 i B ;o / . T /_ 1 315
o 1.0
" i
0 ';,' \‘flpi"ll n.... 0 49.5-50.5 Hz Stamary Operation Limits
: Generator Must be Able to 0“'9': 1007 T 49.8-50.2 Hz Normal Operation Limits, Pnmary Control Activate
Outpat at Stauary Frequencies 0.0 50,0 Hz Nominal System Frequency
. . . T 49.5
G- 45 % PRI S AT MOSol G Sl U ERMGIR Ganheni i No Credible Generation Loss Should Canse Frequencies Below 49.0 Hz
A 49.0
49.0-48 4 Hz Under Frequency [Load
{_J 3 18.4 Shedding Range
' * ' 47.5-52.0 Generator Must Operate 48.0
{].2 2 T e e e R e L el Contimously in This Frequency Range
- . + 475
47.0-47.5 Hz Generators Must Contimue to
Operate for at Least 20 second ¥ 470
' LY
¥ ] T ] Fd v
{} [). ]. 5 U+? ]. .5 3‘ System Collapse

Time (s)
ENTS-O DG’s Frequency

Voltage Ride Through Regulations
Regul ations (European Network of Transmission System Operators

for Electricity)
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RUZGEM

www.ruzgem.metu.edu.tr

Beni dinlediginiz icin tesekkiir ederim.
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