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Abstract

Considering the penetration of renewable energy sources and wind turbines in power systems, the
importance of these sources in maintaining and helping to control the frequency to increase the rare
frequency level will be very meaningful and necessary. This paper proposes a design for supporting
the system frequency and eliminating the second drop in frequency as well as restoring the speed of
the wind rotor turbine based on the double-fed induction generator (DFIG). In this design, as soon as
the disturbance detected, the power reference increased intelligently and as a function of the two
parameters of the system frequency, changes and the wind turbine rotor speed based on the torque
limit. Then, through these two parameters, to force the rotor speed to converge to a stable operating
range, the power reference reduced until the electrical power is less than the mechanical power in a
gentle slope and not a step, and finally leads to a quick recovery of the rotor speed. Another advantage
of proposed scheme is that the characteristic properties of MPPT maintained throughout the frequency
support, which helps to better improve the frequency of the system in case of changes in wind speed.
The proposed scheme simulated based on the test system in MATLAB software. The simulation
results show that the proposed scheme is able to improve the system frequency without causing a
second dip and restore the rotor speed well and quickly.
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Figure (1): System frequency and different operating ranges [20,21]
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Table (2): Specifications of a DFIG wind turbine
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AY+)



VeNVE VT F 0L Jaw 9 Coad o lads oo 3ls Jlw /30 Catus ,0 dieiior slo g, 4 pid

60
¥
E 59.9 —— MPPT operation
§ —— schemel
8 —— Proposed scheme
L 59.8 |-
l L L
40 60 80 100 120
time (s)

090 Sl 30 o (wils 58 :(10) S
Figure (15): System frequency in case2

A5 5 08 n i |, Pris 5 95,5 o i o sl B 55 0o 2558 AT 5 403l 2131 (S0 2501 0l ot il
algs &g MPPT L ol (uils 3 51 Slociiy «Sioxdam all s ulply wile walss 8L MPPT cools
S 55,5 o Al (VF) S 5 Liead 55 2 5 oy i o aclS & o cs0lgy b slocye S (ol 5 26,5
adgl Jlade 4y (6068 loy Gaw o g asl rals Y all jo Gl AVTA ke U soloiinn b 10 559, Sy
5 DA A8 )3 g5, S Bl o S oo b anlie s soleii o) s oSkae | ol 5 05,5 sl 05
A oo b adgl Jlade 4 canS gl ) g i ley g a8l alS Cudgs pt/AVAD
ol 3g85 Jg Cewl oaile ol ol cas s bl j0 Al e VY 0L G g a0 B0 Ll ol Sgai-pge Sl
a8 AP Jaie a5 3 5 215 Wi 4y sl 585 2l o hanl 000 4 Logpn N g5 o 45 il 2l
ook Gl e al )0 0g walss peo 5 Jsl slacdl a4y Cos (6565 Hladke AP (olgiing ik 0 ey g walss
Lol j6S oz JB ke 4y Conl Sy TNYYY o5 S 25k S g Cagn 1A L 2l AP Jlade golpiiny
Tk W ogd so 2,5 Sl 5l ades 5l casn 0 asl o aiies paw Sl giluad s (VA) 5 V) «(VF) o s
Lol aS aoy0 o /00 Glie 4 00,5 oo o1 a8 i (65,50 Jlade AP &y az g5 b LuilS 8 Slaitin cax jo golpin
b 5 ol b 5 o 5 FN 35de aliodle (V) S 55 o jsbilas Js ol Sy 2, 51 j5a Syl 1Y
Ol WS e bg p iy ialS pogdle a5 00 )5 oo alaxde (VF) USG5 e el 35,0 DAVY Jlade g ol oo LSO
IS 01D 3l Gl 5 ol i S b 4y o 8y IS S S e 555, e il S (25
Oly (el o b jo &S Fhge 50 0I5 pe (5,5 laygil s S S S wbiee SelS Al T e o
555 510,505 5 slnn b By 55 SIS VP g5 ke ol el Ay e S50 5 e VP Lyl e 50
Tl 03 )59y Sy 45 33,5 o0 alaxde (1Y) JS2 5ol (S 2 Sl oy po 4 Cews Sl adg Gl o 50
Sty S b o a5 J ol s alS Sdgrp /ATO L /AAVY g 095 JBlas Jlade 4y VP 4l jo solpiiny
) S ooty o ool ey 18 il sn GEAIS i 07 A B+ JAAVY 315 53 haie oo o, PA 4l 5 s,
sl S b
ke 4y barye (M) 5 (V) sla St Gullae 5 (IS jsboa 0l 1o e V) ol sy g 00,0 B0 L ol 0l S5 - lezr <l
AP oo ol L ,Blis 5,5 iy ol (63 358 e ailir «ul ol gl Eom b o8 ol et 5 0l 53,05 358
Lylps 500 aziliz 5 g 90,5 0 a8 o8 5L AP Jlade (1 b ,Blie 05 1168 ol e pus oo aziliz § 00,5 o0 S
3 (V) (V) o JSCo 00 )8 oo jiaS 18 > g0 4y ol o2 L AP Jlade 059l o5 Lo je WPPL Slais g ol ce jus
A 0l Sl g lwand gl (YY)
pogw Sl ) Cond ol Ce s Jlaie (g oaile Cull pgu Sl 4y G 355 jlade aS pl A az g b g Oloensgy ol L 1A
O+ a4l o Jlae 5l odgs 5l idu 79,5 L adl ol jo g anles i pgw b 51 AP lade cplpl .ol oo yiios
b ool il ol gyb 6lp AP 005 o JUd Lo (il )8 50 i £ @ azrgi L (S8 Cge Sty 5k
B (F1) 5 019 clo S 1o o jsbelen ol S1aS Egpn +NN) Jaie b Sy b 4 S oS Caigy g +/V e+

(QARD)



S8 yolee - Bolo il —olses] Glex Jlase s [ 0L £50 lawgi (uilS 18 & pw Sl

o FN il el oS el SO 25k 51 5ieS auoy0 VF ojlail b solpiion 75k 50 (sodgs olgs ke ol oo ool
3o (V) IS8 0 aeo o plis 1) SO b a4 s golpinn 75k 0 Slos dguge cpl plo el 00l 35,0 <[+ Y o3l
50 Sl ails yialS Cude 5o /A7 BV 1Al V8 by jo golpian ik 10 959, ey JBlas aS 005 o cumli
ey 256 Gloy cplplo b oo 2alS Cudgr ATV U g PY oSl jo 5989, ooy Jlax Jladie SO )b (0 4SSy 50
iz glacdle gl (iloand @S 388 5 e dmlie Glp Sl S Sy 25k & S oliinn 25k 50 55,

el odel (T) Jgsz 5o ol C)Ja

N
) 250
2
e —— proposed scheme
-"5 schems]
<IN —— \P?T operation

30 &0 B 80 %0 00 110 .1}
time {s)
pow Al 50 0k ey 30 Gudgi (lg :(VF) S5
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Figure (17): The rotor speed of wind turbine in case3
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Figure (20): The rotor speed of wind turbine in case 4

60
g 59.9
> —— MPPT operation
2
$ 598 —— schemel
g —— Proposed scheme
w

59.7 - L | | |
50 70 110 130 150

0time (s)
Pk Sl 53 s (ilS )3 :(TVY) JSCB
Figure (21): System frequency in case 4
Table (3): Simulation results for proposed scheme
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. Rotating masses

. Grid frequency

. Frequency nadir (FN)

. Operating ranges

. Wind turbine generator (WTG)

. Maximum power point tracking (MPPT)
. Kinect energy (KE)

. Temporary frequency support (TFS)
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11. Doubly fed induction generator (DFIG)
12. Frequency second dip (FSD)

13. Wind power penetration level (WPPL)
14. Torque limit

15. Inertia response (IR)

16. Primary control (PC)

17. Grid Side converter (GSC)

18. Rotor Side converter (RSC)

19. Air density

20. Power coefficient

21. Tip speed ratio

22. Turbine blade pitch angle

23. Maximum reduction rate

24. Rate of change of frequency (ROCOF)
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