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Abstract

In this paper, a sliding mode controller with an adjustable reactive power reference value is proposed.
To improve the performance of the controller in a steady-state, an Integral Sliding Mode Control is
designed and used. In addition, to improve the low-voltage ride-through capability in the fault
condition, a reactive power controller with an adjustable reference value is proposed. The performance
of this control system, during the power track, is compared with two other control systems that have a
fixed reference for reactive power and are based on SMC and PI controllers in 9 different fault modes.
These 9 different modes include one-phase, two-phase, and three-phase short circuit faults in the sub-
synchronous, synchronous, and super-synchronous mode of operation for DFIG. The proposed method
has been implemented in Simulink/ MATLAB software. The simulation results confirm the capability
and effectiveness of the proposed control system in comparison with two other aforementioned control
systems.

Keywords: decoupled power control, doubly fed induction generator, low-voltage ride-through,
sliding mode control

Received: 20 October 2021
Revised: 20 November 2021
Accepted: 1 January 2022

Corresponding Author: Dr. Mohammadreza Moradian

Citation: H. Moghadassi, M.R. Moradian, "Dynamic response and low-voltage ride-through improvement for a
DFIG, using an integral sliding mode controller with an adjustable reactive power reference value"”, Journal of
Intelligent Procedures in Electrical Technology, vol. 14, no. 55, pp. 13-26, December 2023 (in Persian).



http://jipet.iaun.ac.ir/
https://dorl.net/dor/20.1001.1.23223871.1402.14.55.2.0

WW-YFINVEY 50l i g ol ojles foo,lez Jlo /30 Caio ;0 diadisn sl g, ) pid

@ 20.1001.1.23223871.1402.14.55.2.0

A oy Jg plp 50 iR guwgd S 4oil 5 (Saolud Fawly Sgnty
Ole gy b JIS0l G > (S (J S it SoS A

S bl M bl po Lo yuemxo iyl did gl (iils 7 cwidio duo

Ol wblcams oMl oljT olisls wblcazs axly =5y cwdige saSiils -
Ol oblcams oMl oljT olKisls oblcazs axly —arieiign sloaSisy ) Olibxs ;S 0 -Y
moradian@iaun.ac.ir, mogaddasi67@yahoo.com

2 e 23z (JHS el G (DFIG) adsigugs ol )55l 55 (Solins gl o9 jglateds dllie (pl o rouuse
ok 31 515 oz 55T, 5 55T (Sloglss Jin S8 polite cales ol o Sl Gb34) gl oS S
Syt 59,5 o J5S el i i sla ool g o)l SLaLExEl oy ) a8 (SMC) 53 o suisS J 7S o
ol 5y 51 ppee bl 350t sl 5 (ISMC) (0540 o oaisS 538 ISl Joro fslo 2l 5 58 8 Shae S50y
S IS it oatSS S s seite g ye b 52351, oy oassS S s 58y Lalyd o sl (LVRT)
s Ko S e 90 b az e olei Sboy ley Do (o golpiing caisS J S o ,Sles Ll oall slpaioy (P
oot duglie Was il cJl> 4 s aiied Pl g SMC (sloonisS J 58 5 (e 5 425l 95T, 03 (slp 2ol @ o
il g5 398 9 (95 9 ) Sl 0 e 4 S g (e 4 5 9 e 4 5B ST slallas ool
— ol idie Sedgans 153l 5 5 onliiul b (g5lotnes gl s (7S sl duglin ;5 5 390 ciliis (sl
s 5 (295 5551 Ols 5 DC Sl 55 bz S laiez ] ohig 4 g Sl 1,35 Sl 18, onias

Lol 00g; Uaz glgil £o8g Lyl )0 1500 s 99 b dunlie o (golgiig 555

54 o 0SS S ol s S oty 55 31 50 Skl capi5 gmag ] sl g lS’ olods
VEVITA e Jlo ! e ,U

VEe YA e (6,55 50 & b
IAERIARTAR T PR Or T iy

Obolye Lo jaese 1350 1 ghumn (godums g3 oU
By (emdige 00Suisls —oblazs axly oDl ol T olKiisls —ol&Kisls gl ~oblcams @ J ghumo (GOt 93 (3L

QAY;


https://dorl.net/dor/20.1001.1.23223871.1402.14.55.2.0

Obol e Lo jdesms - gwade duas [ S o335 Sl Fewly Sgups

doddo —)

ey pal l ool il goly; o, (DFIG) aydis gus 90 ol 530,55 51 ool b ool ols5 adss el ams 30 4
ol Ul ol 5 e V0] sl pdybolinn] ool Gy Coio 4o o 0slizl (gl g5135 b &) Conms DFIG (b5
2 ke 9 5ee a8 (65 51 UL (ol s oy Yo 3902) 5L 3550 D08 slaJows Simb Suend g e Cod )b
S 5315 9 9351 (g5 Jitne 505 CeblB 5 (09,5 Saep 20,3 ETY 00900 10) juiie Lo e 0 Shoe (g3
s 31 (g5ludgamma g a3 59 (anseis alinse 93 DFIG & jeome (65b (m s 4 Joaie a5ty o s 585 plSin [F.1]
25 oo pLorl y355y o (S S (slo e g y55linl g o 3l Ciblone j5late 4yl ol [F0] el ol 1>
LA

o Sblsgi g 5y ol ofyg 4y aSd SLALEE] ) piamsns Copli oolosl JSs 93 (6Ll b DFIG ylse oyl LS o
Sy SeSL 51y ol el 0sdy Juate 4 ) Loiiono 595155 g5l gy o 45 Sl 5l atin 595135 (295
181 08,5 oo Jaws ol &2 592 ol 5 00 555, Cmms Joe Joowi 0 5l e 0l 038 (6)lr 2 e Wlgi oo
25s d yomie ol (il g a5, 50 Sy aS e wb laslls Wl el (2,5 slalese 5 5l 2Bl s he &
@08 Sy Sl Jae (9 ol 4 30 g ja 8 Jae ;0 DC S 51y a3l 5 595, 5 sl 61,38 by
DFIG ,5 (LVRT) 7 uls 5Ly 5l yome csbils i3l ol ola oy, a8l jolaieay Slgl 3 clidios [V V) -] 0 5 0
m e St (5255 (5153l 5 5 () (1R (slaby, 4t 90 50 lagby, cnl NYOYT ol wtd iy )50
aile 58T, Olsss By Slpegs V0N F] caglie afos aiile Lol Sl 008580 b (il glais, s 5
1y 0355 o Jamss 53 0l g3losgazme Ll DVAOY] s 4y (5331 jloe 38 Wl L V] 555 slasil,
badie ;0 cwlio (7S pis (21l L )13l 5 slagty, 10 5503 (s 5l anled oo ool p L Ll o5 sl
03,5 oo o 0y 3y 51 )38 S IV T (ool (5 sloo o J5S i b [V 0525

S50 yaS (6158l 5 Lo gy a4 S il BT 595 5 (LS Dligz 4 5ls alanlgay ol slaig, 059
fscste (P TS SISk cesline 008 J308 (e (J50S Slaptans 55 )30 GBS, G S s ax gl
& e yd lodgy 19,65 (68T JUI 5l (J 505 Lol pl el palais SMSEs g pae (haS a8 S L o @ ( Sola
2l 3l 5 005 ool 2 aSt Cass Jus By 511, DC S (b2 JAS e 0z gk Jone S Bpme L (VY]
So—t Jos 93 SlaalS (gnligeS Ml @z po (nl 50 ol 00905 Zugl raly 55 51,35 Sl p ) e )b
Jis Jy5S g 0k ol S las codas GBSl o 2 ogdle el oy JBlax S50.lS Ll 5 (palS (SalS (uilS 5 asdly
sl 0035 w812 55 (295 90551 9 5T slagls

gy ol ool o dlpidan [VY] a po 50 a5t oo Joo b (5330 & yg0s o5 b )b b jloganSy S 51 oolictu
iS gty S al 5 S 5 a8l 4 DO S Gl slile 8,5 Ly 815 Gmly 5Us 51,88 Ll it el 0B
il 09,8 398 Sl o e () el 3,8hos (g oo a2l )0 3Lty (IS e JSCke (2 heges
e bl olg ols Olsiee gl U151 cailos jslateay @Sl 4 1,35 slacdle o olg slile 32,55 oSl 2 egdle
3y 28l loj 1o 455 Ceams 5 4K oo (slo e clin S5 b Gz ol o V] oged 85 s SIS
ol 9o S (NS 3E g (SIS e b 655 Jobs sl b DC S 5y ot 9 Gl (sl Bl easis
poli 1) &Sl @y (lys By S 5Ly Sl g las g9 Lulpd j0 a5 o walys 0B (J S s cpl el 00l
5 ol oaS S 5l daSiige o joa> 50 g ()lEel 4l Lalyd 55 00,50 4l Ly Cdl 4 e g ouniy
1Y) ol s oslisl bl Hlss S gl el Songd (il b

oaiS iS5 ooliil s SLELEZE] 5 b nsl glgil 352 5 DFIG 55155 mimaps as o ,5lo 4y culie |
5o Uit e slronsS S eolgils 5l ooliil e ol 5o LYVAYE] ol 00 aly ax s 550 Loy 5l e b
Sorebl e g Seyubl ool wlalazel gl ply 5o Gog polie (92 638 4 yazie o Shy ahuly 4

QAD)



WW-YFINVEY 50l i g ol ojles foo,lez Jlo /30 Caio ;0 diadisn sl g, ) pid

ol L1y azgs BB o) e 00dd Jow slacSolus plp 50 calin 3,Shes 5 g (Seelind il 5 pienes
oad iy i) e a4 JuS anlp S b ptess slacdls (SMC) F i) s oo S e [YAA]
codle @l (97 (srmlin Sizmge @5 39381 b Al po (] 095 oo 4 (pons 5B Mol Al 1ol 4 85 s oo
che 655 2 oW Ged |y e Gl (J5S et (3538 5B 50 1 51 ey 00,5 (0 el gledl U L
Oy S A0,5 gy GBS Aicdn o asul wlal v 3,5 dalez Colue Bua aladl e 4 ool i o
LVRT Lul,s &ilgs o5 (sload JyS piio 50551, Ol @2 0 L SMC oS J 5 5l oolistal w9290 (51330 5 (slaghs,
Sgar 09,398 9 09,5 95wy 9 es Sl aw a3 9 5laSS 5 g0 law el glgil o 1, DFIG 55155
ol 0350 5 #8lg dx g5 5 50 yiaS iy

9 5==ST baglys Jiws 5 Oloyen J5uS slp JISE! 530 S (G (it e J S s S5 allie cnl o
So i Ll g9 Ll 50 505155 0l 5Wg Sl jgee Colill dguge jolaieds ol 00l (il oSl @y (igeu 55T,
(ool jlaie 4y G aSet 51y slas ulul e (5 ol 0ad Slgiig jaiie gz ye b 9u3ST, le3 oS 1S
s bl 53 4 el o 90,5 o (i Jghaie Pl oS J 58 S oS 0 551,55 55 5351, 5 a7 yo Moo
A ity 98Ty OlgF e e 45 09y aalys 1008 (golgitiny (IS e Sy sl limn Gl L g s gl
ales S8 ol Ly 51,38 Ll pd dgae g aSed 5 Rl @ sk cnl Sl g ool (Al (crlie (e @ ) 4SS
28 ey 4 L g e a5 93 (e 4 51 ST slallas ol oS alide Sl o (J S e ) 26
Sl gor Laone 3w (Silodend 355 o0 513 (s 90 Sanl (59,50 (98 5 9,5 095 p) sladl>
Sl 5Ty Ol @z ye e (] )0 a5 cats LS b (3lininy pies 3lodind I Jole gl g oal plnil e
e ¥V ] acsl PI Jglacte oS S 50 5l g Ligad el oaisS 7S LSy Ll o (ol oaisS' J ;08 5 059
25 s L3S Glac e S5 50 @olida phems b 4z 52 G55 (Sl @l Gl aglie col oy S
el 039y J3 (I 58 Glapics 4 Sonnd a3 g4 Ll

DFIG Sewlys silwJow Y

T JL@‘ (\) JS_.»J d.:LIaA 45 w‘ ol Lgd""’f""““‘“ )93) L» @LA.” UM»Lc ;S) 6‘313 )é d..:d.x.: 5,»,\:50 G:LQJ‘ )5..1‘).:) g_i.!
Jmaio sl 4 S i DC Sl b ety 4 ety Joe i G oyb 51 595, mmpa 9 099 s 4500 L g3l
ol oaal [¥0] 5 [¥E] logs 1o o DFIG  Seslivs s, 00isS oy o¥olao [YFXY] ol ons

o=l gl Qlasl jgsliwl JLa jlo slacal [0 d jemee cunl B jgilinl (Lo Sbcwa b gylon JiS slwesly slp
Lv ..\J).s‘).' (d,q) K97 9o Ko g )yLw‘ )L....v ‘_gl.bd.o.]}o u.ul.w‘

\
O = M

gs

{‘Dds = ch

Siblboe (1) 5 (V) @ollas jgiliwl [l gz o oliws )0 438599 Sl ;55155 955, ()b ,2—5W5 Laslg,

LY’
Vdr:RrIdr_g(’Os(Lr_ Lmjlqr M

S

Vflr =Rr|qr+gws[|—r_%jldr+g(%} (V)

S

310 e Ceglio Rr 55, Loy sysegs sboaddse lar 5 lar )95, 515 (555709 loadlge Vir 5 Viar o] ,0 &5
C.'A.C)_M: s ‘od_ﬁswﬁ.bl_&o 9 )yL._w‘ ‘)9_3') 6Lmu,..uL55..b‘ w).td.s Lm 9 Ls ch cO)r/O)s M LJJ‘)J g 5)93) LS’L"'M
| diuw )L.J5 )5)l3 o)L.\J‘ Vs 909 ,S...w

()



Obol e Lo jdesms - gwade duas [ S o335 Sl Fewly Sgups

ORF
&b
) —
ouiddurs>
T s el

L

0)¢

> " EIE BT UST
Y - i o
— W ) \ e

29 ) S Joo Aol Cooww Joo

L A=
03—
ol Al
A0 gy QW e51 55 S LSl () JSb
Figure (1): The DFIG general system
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Figure (3): The super-synchronous mode results for three-phase fault, (a) Output terminal phase-voltage and current, (b) Stator output active
power, (c) DC-link voltage, (d) Stator output reactive power
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Figure (5): The super-synchronous mode results for single-phase fault, (a) Two-axis stator output currents, (b) Two-axis rotor currents, (c)
Stator output active power, (d) Stator output reactive power
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Figure (6): The synchronous mode results, (a) DC-link voltage for three-phase to ground fault, (b) The output active power for two-phase to
ground fault, (c) Two-axis rotor currents for single-phase fault to ground, (d) Two-axis stator currents for single-phase to ground fault
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Figure (7): The sub-synchronous mode results, (a) DC-link voltage for three-phase to ground fault, (b) The output active power for two-
phase to ground fault, (c) Two-axis rotor currents for single-phase fault to ground, (d) Two-axis stator currents for single-phase to ground
fault
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Figure (8): A bar-chart comparison for DC-link voltage and generator output active power overshoots for all types of faults in sub-
synchronous, synchronous, and super-synchronous modes, (a) The DC-link voltage overshoot in super-synchronous mode (pu), (b) The DC-
link voltage overshoot in synchronous mode (pu), (c) The DC-link voltage overshoot in sub-synchronous mode (pu), (d) The active power
overshoot in super-synchronous mode (pu), (€) The active power overshoot in synchronous mode (pu), (f) The active power overshoot in
sub-synchronous mode (pu)
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Figure (9): A bar-chart comparison for generator output current overshoots for all types of faults, (a) super-synchronous, (b) synchronous, (c)
sub-synchronous modes
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