ok ok 0 Jlwl sla fgy Al

14025._»‘.31#;35)@ ¢ 1od> ‘G“WPQ'L“)-)@"I-?“L’“dL“J‘BJM

3 gflﬁ‘ 5y le-do

I @

\ (Lyaw I3

o g3¥g ol o lessLo Galyl e B g 5yt (5 sxg @alalS e 185100 S
iy Gir
Comparing the performance of SVC and STATCOM for reactive power compensation

in transmission lines

Improvement of flux and torque ripple in direct torque control (DTS) of induction

motor using improved switching tables

S sl Gable 53 Gl Shus 5l Al syglys (sla oo

UgyS 31 A0 Judod Baa b 4y 518 53l o

The spectral characterization of n-generalized skew projections

5 Bgnds (mal Spzee oige 1 4y wlisn)S S Cpam> S 2SS 1 oS

cmes.ilam.acir 4,85 cole wyo! w99l i G551 Joku poe



Computational Methods in Engineering Sciences Journal, vol. 1, no. 3, Autumn 2023 Serial no. 3

The Effect of Single and Multiple Tuned Mass Dampers on Settling Time of
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Abstract

Providing novel and effective devices in order to make structures stable under unpredicted natural loads has become a challenging issue for civil
engineers. Tuned mass damper (TMD) is one of the effective methods to make structures resistant against the natural dynamic loads such as earthquake
and wind. In this paper, the influence of single tuned mass damper (STMD) and multiple tuned mass dampers (MTMDs) on the settling time of tall
steel building under seismic loads was evaluated. For this aim, one lumped-mass structure with 20 stories was modelled. The mass ratio, damping ratio
and the stiffness of dampers were the variables considered in this study. To model the structure, SAP2000 software was employed. Then, time history
analysis scheme was carried out to assess the performance of structure. The obtained outcomes indicated that the displacement of structure strongly
depends on the earthquake record. Moreover, the displacement was substantially reduced by using an appropriate TMDs distribution. Generally, TMD
has activated after a first maximum applied load amplitude and will become able to reduce subsequent amplitudes. So, it should be stated that the
structural responses of the building could be considerably reduced by providing the effective MTMDs in different stories and regulate the characteristics
of dampers based on the structural parameters of tall buildings.

Keywords
Single Tuned Mass Damper, Multiple Tuned Mass Dampers, Settling Time, Steel Tall Building.


mailto:alirezaghasemi1994.agh@gmail.com
mailto:m.edalati@ilam.ac.ir

Vol olet

VFV 5l ¥ o e ) ol wiige pole 1o Slasloee sl g, aloxa /Y

iz o8 g0V il sbaplazsls Ghalyl loj  alfasz 5 0,000 (Gonigd pelatd g2 Sl )ST50e ]
435

Ql)}‘ ‘lay.ﬂ “a)Lg.l oKisls (oW g 6‘9 saSiisls ‘Q‘)‘“"‘: (W 05; -\

alirezaghasemi1994.agh@gmail.com ; m.edalati@ilam.ac.ir : |5 siug g5 o

oS>

-

g e e Sl i 55 Sliega g Woojlo 5l cdablona 5 (5l jslaie 4 5o 5 s ()l RtS (ol pos ciitpen yo T, slaacacs o o il
Sesbos S50 pln ) ojle wad lageul b ablie 6l s9se S50 Sla by, 5l owisd weass oy Sl w5l 6 S0yt MBkoo 03l (il
cos go¥g il plaislo Gielyl lej 2 LT 51 gusy p jskiie & Atz 5 05h0e oigd melais (o2 sl ST 5l lis ol yo el a5 ol 5l S50
0dgd mlal o2 (a5 e sla el )l sl oad (le o (0¥ 98 At Yo aldd p > &0 4 lojle Joo S el 0l osliiul (gloj (sl S 25
oile 595 2 Sloj axPu)b Julow G ilond (53luJoe SAP2000 )33l 5 50 il Vo (sojlo ;0 o5 st (S5 g (2l Sl o0y Send s
oaly (59955 4315 9,55 JSS a (5345 95 b s (S0 i o5 w030 (i3 48T O p50 slaelod b ool 4 S el ] 5 )Shes (o sl
Sre dol 3 alioe (18 (asllae o520 @ o5l (St sploslo ilidee Slinl o ol @i o7 (sl SThee eslie (Gl (25515 b oo
ol (gwaid (Gb e Djyge )3 il Lls 1) gan sladinion (uilds 98 g g oad Jld (OLLS) (689)9 )b dindon (gl 939 5| o 00 pulaid (g0
575 4 1) ol lagealy Olsicse o3lo 4 ond Gl (sla S (Sl sla el s g it (rizpen 5 planslo il Sk o enigd weli sla S50

Sl jualS sisuesls,

6\35}53.\...1.’01.4..}@ ‘u““‘)] UL") mlf».o °‘-\-‘5-’[v-J4--'f°)—'> 6&’);‘)""’  yaie °"\"9“’r""‘|a"‘|°)'>)§‘ﬁ" 6%.15&[4.1:

31 S (TMDS) odigds oudais oy sla S1he aiyls Jlad dosd g (g0
395 % 59y sk slaplensle o (T o) 57 a5 col Jlb it slo S50 el

[3.4]00 5 oo st
ol 6ylK 5 e ol Loy Comal g aily slagleisl 933 55, o)
s 390 el 4 sles ) syl A1 5 LT )l slagts, (s
sl osle slbal b ceiivw gakal, wily slaojle (5 laly La> 00 5
ookl daosle cpl o plralr S35 Glaghs, (riesere 3l
boakl; o Slllhe g logragh wiz e Sl odisgh plais o) slo S0
4 Lol el ool te'.?dl 5955 0 Cpmizme g Loyl jo e sl 31,0
Syl loy p ojle glasl yo )8l e o 1iST, (6,105 50 aliee
(Seelind Ol 25 Jlie 50 ojle wad slagaly J5uS sl sgzge ige
LTMD (5,.5,54 ;0 59,5 5 coslio (oS 0,5 Caws @y b el
S0 o5l 6550 AW Lol pals (Jlad e piween &35 0l 605,54
Gl Jgene jsb 4ol alily g ok alox Sl () oy SIS S
3 0235 S oy Syme 4 03l (5515 s Jil Lo Lol

m.edalati@ilam.ac.ir : Jgius odicus g8 oy

VO 8100 rallie o) &
\f'\‘/’/\/\b i C)Lol (le-‘b)c-')lﬂ
VEY/ A e B pdy ol

deaio =)

Iy Spolas 9 yaik sboplaizle Glolss Gle g colon Cas jo 5935 W9,
@l 5 i GpdSlhsl Gl gl boletle ool wleioe b
Gl i j0 oy 4wl slapleasle Slasl ol sl Jlo o anil xS
4255 3,50 wildzlae (S Sl gl o3V (slad vgS ISin L aS WS )5
Sl Coenl Bl @SSl 4y azgi .ol a8 3 118 Loy (63 axlie g lacdge
0395 S a5 098 oo oolainl (dlas g olse I alaisle ol jo dél oS
3 S S olols )| als sl 4 i baojle cpl 6551 Gd> i
£5 ol Sl 5 Vb i elern 55,5 e baugie o b ot
3loolatwl wxgs BB lais & glan e clo LB cosl ool s ol
WS az g ) sl ) J S sl

)f‘)i‘-"’ oKws ‘ul).o.c JENRSE P AW sslazwl gs“"l*’)‘ J)....S U"J")"fbs
TMD (8 - 81 o-p,m Oldse wlal p .cwl (TMD) ouls pulass 3
Lol )l op yosladl 5l > b o oo Gul¥l 1) bojle olpw g f5ew
12] s als 1) ol (Lol spats (uilS 3 51 56 a5 LT

A8 e a0 ojl (Sasliys gy 8 il sloglasslo (oLl 5o
)l L)T ‘_J)....S 6‘)J aS ol )‘.))5}]3 LS"YL' m‘ )‘ c)L..u @L@ru‘ Lgul.‘>44l.’>
Jd e Jd aibe bt glyl b8l 0sd o oolaiul ST s


mailto:m.edalati@ilam.ac.ir
mailto:alirezaghasemi1994.agh@gmail.com
mailto:m.edalati@ilam.ac.ir

Vol olet

VFY 5l oY o e o) ol waige pole jo Slasloee sl ig, alors /Y

5 &S Conlo 88 b ol g cted QB ISl b (S g5l sl
ool olpen a4 Jate cVlal b cdSul 5 (Sie plaisle 6,50
Ol 5 ead Jlb (53555 atedey Sl gl 5l am oz STie conel
L2l o 1) 29,5 5 (695,9 polie diciny uilisg,d

potie (sles) ol laie b ogs gallio jo (Ve o) MV giliulgo 5 Ll
Sl il )| Qilr S s ol los ;ST Byme 1) ain gL TMD
oals sl LB (oS 5 aS 00 5 o il Slexsle slaojle gly ailysls
S 050 s Bhw GEL dae sLlse L LTMD Swlys 2aSTy
Jdo 4 a8 Bl g cenliol pudais S 0,5 sgame jelate 4y il
S50 b s 00 QL Sl i 51 €L aa TMD )T 2 (35,8 (6 oy et
Olle Sisl 5l ogn ganlllas o Wil o5 oo dnogi oyl Jiine g
s osloj) Dud b agzlae jo B Woged coliiu] pivaw (5950,80 sy
e slo el )by aslows (615 (PSO) &l )3 ploosl (g5lwodings p (e (80
@bl az,0 S5 slapts Slaalbulr J5uS ly oilse prr ST
Bly sloo,eS, Bye yo &S aib wx Jlesle sl 5 (SDOF)
[14] ot ouss slpriy o) Kan 5 ol i Lawgs «i)ls 3 e &S >
auld ey 0 Made Glew s TS il YOOF L s
b lee dele 5 (G5 oy dlox SITMD slo el ples (55luange
Seolizd Jelow 5 gl (ssminr s 5l oliial L LT io S (oo
S gy &5 W) a2 (pl 4 &8> SVolas 5 S L ojle
3 @lee oy 4 TMD 5825 byl halS (izres 5 Jso)le
YN0 Jlo yo [15]cwl 555 K slajbs, 4 o glral> il
TMD i 31 oolaziwl aS™ aizisls ole slallin (o oy, San o ol Sy
TMD (sl g 4y Cd 9 310 Lol 10 (650 (S 0 Slos o Jas 5.8
[16]cwl ol o>

o )lirs diz (5l olaie b sladlie 1o Yo NF Jlo jo o)) Sen 5 045 5
b ojlu liales )| 08 Bus b oyike odigd mplas (0> slo ST
1 57 o S b o8 0,8 ol g 5 o 5 b (sloey ) o 5
ol 033k e il el ol 5T ol anlss & aingy Gl caegane
Orizmen (3L Gyt ey (x5 BB ek 4 pd 03l slag S ST )0 o5l
Sy n Jol> (oo TMD o Slos (n joglhe 5 (n e &5 03,5 (5155
Aol b il ddlaie jo b (Glid) (699, alais ;o Lol ojlu Luils 8 a5
u5l.|a.n u‘ru_v.n g ol O)L.J kSJ‘)"'A Connd ).H_u aS ol u‘y.c wl.e) ) ..L..vl.’
G5l a8 aadl yo Ll el sus (g5lwaigy 5l Jol> TMD LIS o
S ooliiwl b J S (slogads wiz (gwyp 4 o)) e g 5 YNV Jlo o
Law)‘Lu Lglo)‘).] Lgl_:b&,g)?d 6‘)—.’ (TMDs) odigd p.«-laa.' = Lgl.ajflﬁ.o
oXigd melal o> slo ST STy a5 ass e lis bl el gy
iz wlab o 5,508 5 Gll ceas s 4 (D-MTMDs) &=
5 (S-TMD) o,ate odigd malals (0y> o Sle 4 Cuns sl
el 50 0l ceal (MTMDS) saslSaiz onigd mulais oo > o510

9Li, C

10 Matta, E

1 De Stefano, A
2 Bekdas, G

3 Melih, S
“Long Lin, G
% Greco, R
BGill, D

oS old ol s b Sl ie Suied okt 5 hsly o5 Culs azrgi il
4ry g by gy (b 4 el g oo Cueal Bl ole o ST
wstlyee Lol TMD [S1s slo ol dly s dipo ol 55 (sloaiss’
il Jled 4 (b s eais JiuS olse a5 aes (S 5 py
oalS 50 oYl (90,0 il Cews 4 Wl gl aewlie polie axilis
S50 )3 otes (sole 55 ST e (6 51 3 s 2l wislgs o5l slagaly
e b olion o5 Sl (Salud lagys pln o ail gl zaly
el Aty (§999 U 1 o3l ks il sl

i oal 4 sl plonl oS ey b TS 5 N en,S 1990 Jlo 4o
4 (MTMDS) S50z osisd webiis oy> )5l yme 3,515 45 Wapes,
s il @358 o5 5 (b (S8 gaels daTMD slaws o 2 laie
w5 yo otly glools sl 45 50,5 lste Tlie K15 Lo o 4o [6]5,15
plo leslaiul 5l mile (i i 0, Slase g slojle syt YL g5
e SLala ) U558 gl |y 6,5 et S T 098 o0 o S0 gl
iie a5 obvojle 5l Ll (golpiing pian ol slpiing sloojle
P2 o3 S LSl (ig0y (6531 B 0 bl ol a5 e0g diids iz S|
&l oz ol 5l ol Sdmgsy nl gy il Sa5 S o S Lo L2
e S g 5 Voo gli )l b aily less b o3l S5 (gloj ) 8, oy
[7]555,5 oolizzal +/+ ¥

!y TMD 5l soliil (sanlllas g oy p 4 VY Jlo 5o ]S04 2 Sl
el 5 ssbas (2l o @1 L Ll azislay glo ) glas )18
Sl gl 1y oy, «oblesy] st oS 5 s b caliges (glaojls
GalS @ e S5 Gl (A oS sleiieny TMD sl el )b celie
[B] sl 0592 a3l (595 4 ool sl )0 (g JB

oyl S5 w55l 5 eolial b Y ol T 57 gols VAAA Jlo 5o
OlRegn (nl Woged ange Al ojle g9 aw sl ) (02 ST
23,5 dulia K0Sy b1 09 00d zrkae Jlu 1 a5 soleidioy (slooged
e 5 slaciyy @ S S5 sl ) S @ e @S
oz ST 3l 95 dus (5 dalllae b S Silr VA9 JLu o [9]0
SNy Wojle a3l s i) GelS cwy 4 (TMDS) ogids pudais
9 0N el ooy Sl Oloie LIy 093 sl agh bl Kawgs ol
1015505 1,1 (slos) S sl sl o wsllas slag )b

WBaiz owish @bt oz Gl oSlee Yeoo Jlo ot
ar O90 ey Sld Cod ol Slleg als 1y |, (MTMDs)
g job 45 45l Coss gl ol 4 0t plowl sla igyy b ol I
ol bl b alfaiz eaigd welais (oo 2 (slaShme St (2l o
3 el Gl ez o (al3dl b g adl 2alS e S5 g5 0l IS
el o0y S5 e (Shte S B polie (salols a5 b0 i
Gl 1 ST e ol 5 sl o Jole 95 o a8l b Al s onigds
Colheli 1al5 gl el MTMDs a5 woo 5 (5155 cales 5o ailoe
T[]0k elie ppe i oo Lnosles

loj ) Dol J5S oy & (2095 53 e ootla g ey Voo A Jlo o
95 SRR (nl 0 WSSy (2 e S5 4 B)liie (3Vgh lals

! Kareem, A
2Klein, S
®Feng, M. Q
4 Mita, A

S F, Sadek
®Hadi, MNS
7 Arfiadi, Y
8Chang, C.C



Vol olet

VEY 5l o o)lod )l o ciige pole 55 bl sla bs, aloee /F

alsl yley S eslo; ) (sl o0 o (0¥ g8 aily leislo il T yle;
2 45 e pley Do plp 4w B g0 )i ok 4 Slej Azl Julos
51 03l gl 3 Ll 1 g o5 sl 55 (LS 3920 438,5 b
aS olSon b s o 7y alil; 0,65, pladl 5l e a8 goljT alas )| >
Al oo delol g0 353 (oo B yeSw Sl 4 o5l

"43[5’.;;? 0digu p.:.la..s' e dLb)ﬂJ:.a =Y

Slatie (izmed 5 i)y (Gtn )3 d92ge Coalid pae 4w L
sl 09 solatal yiis gla S e slass 5l aS cel (T Sashe ¢ bl
o 4 Seo3 (LAl S gl a5 Wit Sk se 4 ST e
68 pl ol b |y bl 8 5l oy godgame ey b anil
OB (689)5 Suppu Jro 2l el 4 (S5 et Senlis Sl
Jlasl o z3 pleisS olge 31 g g0 TMD o, Slas Sguge jokaie 4 .2l oo
Slots, 4 551 Sl b 1 slos,) il B 5 00 o5l & ] 2
[21]5,.5 & 50 5 500

il oo STy o3l 10 Djso 90 4 Alas cdigd wudals gy slo ST,
@) aib S o wlfuiz cdisd oudal p > ST ‘QT Candts (G Awd
odigd pulas > 6L‘°J§‘)“° ).i‘u'é Gaiwd s (Gleizls pl ,0 o5
VIS o ded ce @ie ot le lab jo a5 wie glas )| o alfus
Sloiags @l (o) [22] el oaal o Gioled 4 Sy cnl 5l sligas
5o alaz onigd mdas pyo slo Sl 4 s e 2l )l e
alaiz onigh wulais > sla Flre 100 g 5l )lo 1) adl S5 515
@ Sl R Candy ewiin 2Ll Sl Akl Sy )3 ead @

Wyl Ty ojle glas )l jo oad 598 Alf iz onigd mediis o, sl S0

[22] (MTMD) &5 s osigd poaais sa,z 5T me | JSCE

¥ Multiple Tuned Mass Dampers

50 el ol a8 ansl o izmen LT il (6 e 0 Shee Lol
5 gl JyS sl D-MTMDS i > 30 o5l plSouinl Laas>
Oyt ey JiS 2l o sl el bl g lagio (S0 i
o)l Gallas (Lol gojle sBu | lawbl pas a0 Dlids
Slab oo e ,s5 10 S-TMD g a5 ol Jl> o ol iconl onls
L18] el Tyl 1) lialol o8y yiiy el uly J S

b ooy S ST QLI (camgh 0 VA Lo o ol Kes 5 Sl
)Ja'.'\)o L Lﬁbo)‘l..u L_g‘o)')l u,ul;u)l u,...:blf )9.'&.;.,@ £y |) (MTMDs) d.\lf..\..} 035l
Slauglio dalllas jslaie 4 Ll Wioged gy (Bly Sloj Azl (28,5
alie glaojl YL jo 1) (S-TMD) owigds mulais 8,800 (0,2 ST S
S o b glbals i a5 ol saslin allle (pl o 285 cual
dljl; aen 51, S-TMD L awslie )0 MTMDS (sly LSS Loyl s 428 5
o (5l St g b A Rl (liee pires el KeS (Al
J3)5 slecdl wles )0 MTMDS el (g0 ,Sy 5l eolnl b olab
[19] el oas 5,155

s ooy sla Sl o5 S camgh 50 (VoY) M e o VY e
...\3.))5 = ol GL{M)'L.: 6“’})“ LJ).MS 6‘)’.’ |) (MTMDs) mlfm 035
o) odigd pulais o> la S e oload rol3dl S wisls i )1iS Ll
Iy (zo! polie) aicin slaguly (ials (FYL b la il 3 L onls
G wls 8 b oals udas) LTMD (6,5 13 e bl g ools lis
TMD aolats il 5 b yblite goge JS5 anels 230 cow (YL onmls
3 Syge 50 TMD (65,18 Hleaus a5 axdl o Ll cuimen ol
Fly jo alS o iin (9090 UK saaly aiing b olad S (o ols
[20]ans oo Lis 1y zgl polae

Sb,l5 (Fops 5l S o Kiagh hwg oad sl sl agh W o
DS Ll ol snsh it o slaySls 53, 5 4T el
e amlr Gindy 950 5 O9te el b g aale Josllygins
5958 Slaseion ol oaid (paas blaislo (o b 51w 6,5 ) sy
&8 ol @ig 9 ST om el b 4 g ewind pula (a2 sl S e
ST 1 OO [SURPPSNC N PYS RN DU A TN CEDNICH TN S PR 00N
S e 089 mealS (50,2 (61 e Cond 4 Az g puld o0 >
399 4 Wl cwyp lp |y alie slacdls (oloaly mul ials o
syl )l oled a4 Joe o 50 oads ploml Slalllas o ygiSTh .l 00 4]
Coogas dw Cwl oals aiBls 5 o5l slagul § b F1w LS ;o 5
bl B 5T 033L 50 (o g e ez Jold ST mien (S5
o) i) wilS 3 (Gogazme uizmed § Sl (£g5 A Azl b oS oo Lyl
Slaglailo (5l3e, 0, s lojls I3, » Solite D3l Jelse ol
olas, sl ;o bojlu g5 cpl ()l ¢ Laas obj Jlews Coonl g il
i o Ll S5 5 s5lly slaghsy saies 5o Gimghy 5 axlllas il
51 oolatwl .l 0050 oS (55900 syl a4 1) 0L g A ol sla)b
Jolse oled gy 5 anlllas 4 5L o S1hee 5 (6550 slroass Slpins
b o 1 4 pe aily slaojles ;o LT o Shae 108,50

2 oiph elisS o (sl STy Lol (i) 25T i e 5o
Gloj ) S o0 ow goVed ail Ve wily leisle S S s L8,

2 1Sl Gl b e sl aelsl o el ot oy CiliSee

" Suresh, L
8 Mini, M



Vol olet

VFV 50l oY o e ) ol waige pole jo Slasloee sl ig ) alors /0

@l ez S Sl ke (1) 5 (M) (M kaly jo s 5 4 Ko 5 G5 M
Lulg, cul ;o0 X0 o I e (TMD JI e) o5l o5ww o
o)l g oalul slajlne -F
I JARA SN SO IRV [CX SR RA U
lo3 ) S 25 yzean SlialesT Semas¥lg 5T oo (5, 2 4 095 3¥ s
@l opdy plsl ol by Giulojl izmen 5 () Gialojl e 3l eolizal L
28,5 C)Lo‘ 5 Siplos ouds aSlu o5l S5 > L b gam a5 o Jol>
i e bl s S o Jliol olhee sl o ol 52
L ojle (sly odelcusay sladg s o loolis gawglio b 0gd o i
Bgei asein |y Jleisl Blus g oo Oluguse slrosgass ¢ o oo
az 0 b g oglate sla g, il Joud b8, oogamme jo oS > asslis
|y Sl Lol 4 S51.28,5 IS & olsicon |y chlin S
oo GBS 5 i Gl g ool GalS i Gal331 L i n
aolee (38,5 Jlai o b yles o |y dlie (pl.ciils ainless bolis el 5
127,28]0ls i o965 4 o3l S ES > seges

Mx+ Cx+Kx=P()+F(t) )
sl (andls ol Ximax 07 b cesliie Gl 457 2l o g5 0 alaily (] )
e IRl ansh oo &8> Sligd (w5 E W g gl e ek Ximax 45
ool amis 10 b oo cu o Glod b Xma oS b A oy b
u.....l)sl aS el UT ).ivLu (a)d.la.al) ..\...al.Asa ),H_u 9w C5‘ uL....J 5Xmax0)2
oy 4 Sl os pd g anza p ool (pleiSle (9 B Lawgs
oo 1y o5l o la o )b ial38l s ogllacl SIS oy, ol a5 oK
Sl b wglae o] lagylusl 2aSTy Sl abaii 51 a3yl 5l ol o8>
plia o LSle iolol (sl » 5958 ol plo ol ol slag i 5l 56
olesdle o8 > 5l ol B JEayo -V-¥
Sl 5 (YT ile 35 b o5l i le baojle (olas )| Jelge o 2 gone
g b hls Jeloe cnl 5l (30 DB > Ja g Je> hlug glgl g Suo3
8,08 399 3w Ll wais gl (soamte slap pilSe akine (Jglite e
S GOSN ORIV IWES PR PR i1 KV I (R PUE A L Ep Lt T
o 9 <8l o lotag i Al 5T ohs 4 Jol slixl oyl
olos b leaslo oles )l 4y Ll Zwly i)l glaggly 5 Jas sl
szl 0,955 5 0L 3l b Sl 5 sl l"L“‘?‘ Sy s ool
129,30] 0l oo ;0055 @ pleisle
stealyl Gl -0
Ot Sl 4k 699)9 6550w [Bllsdoe Lo 2y saly (53959
ol ay a5 ol (T d)35 muly 10 JuS sl (58,Slas Slasuine
Siloaed ln g Sl 1) abgrye hos @b g 6099l Ol
3,5 et aly gly daziliz dgas eolatwl o 155 a0l slas 38!
[32]5,8 anmlons |, K05 53935 55 & o3l ol (55 (52L, 5 5
00 (Sm gl bl pd 4 axly g4l (639,94 preew 61,35 Eb
Sl sl (53959 4 S pleen So )35 Gl Slasiie G

ol el laolos (slos ) 1) )l sl mten St (Sis Su Gl Ole
@ Ogdoo s ojle A1 B9 B A g9yh (ley Djge @ (S
Sl cod ol lug ploy Sue U5 el Cesls cnl Koo ©jle
[23] sl 5T 5 (5L
ot Obl oy Sl iS4 (T s & Glaghy cnl o
il ol GSepms 2elS o Wil @lojle oL & iy 005 o
@ ek jsb a4 ojle Sl gloy ol 1alS S |z 05 s 4z
ooy 5o ojle Sk (il e sl 4z o Canl dily (Sl (e s
Sow 4 @lule ke g aims (i 093 I, (6 i (2l s %eS
Syl ol (Sl 5 ot 2aS o3l eyl ey enled Jee io
Sl gloj s sl &y anleion O 5l G 5 4315 £985 (> 5o s
oud qjy Al owigd wela oy sla STre 4 ez sloosle )3 S
S5 Slids eles j0 Sl ol il )] L o5l (Wlads) glis)l jo
b Sy 50 0ad @i Dyge b STiee (al (650 DBl 5ol
oo 5l 25w o 1y oSl Gl slaylne L (Lol gl 055 @)
ol 5l esliiul 4 ages JLE pas s 5 wliioe ool adye il
S glgre a1y GtelyT ley Gl eaisT ol sl 05,5 o lagylessl
sl o Sl bl ol b o0 5 Ol LS 40 JaSo jlas
e Ll baojls >k
25 ol MTMD s 00 5550 40 litwd lp Jgoro job @
10,8 50 yeetS

LTMD aig olass @

LTMD  wilS )8 00500 au 508 .

LTMD ol calps .
Sy 02 Sl Sl osle slagul 2ol o alfair ooy lo Sl
GorS e Az sorz slo Sl sl oolital b ) ot 55550
Slasin gez Ol 2 g3l ol by | (58 ojem I S Saes
Jé ooy e QLS nlpls S (oo ot A5 Cod 05l (Sialins
i )0 b (R A 2liee g S S 50 i L 0jhie
@b @bl abar oz sloShe 4 Cowd i b
[24] @ )l
Sk ojle 3o (alme (IRl Sl n osee b Jlad J55S slaptnns
Sl K aril ails ojlu S5e S5 ;0 Slodes 3L a0l ey cilonls
21 ) Ol s b als 13 ojle cilises slacasbgs )3 plgi s |, il
docepm (Jm) 0ol @39 xSl plaem Gl Sloyite o
251055 (6 S0l (S (slog e 5 sl s slnls
MTMDs , oSl> c¥olas -V
A e baibn plasle o 6lp VIS gojle &5 > (Salias (salsle
Ol i Glids )5 4 odigd palais o> Sy Ny oloss 28 5
26] 055 Gl 2j Sige @ Olgise |y Wk @5

Mi+Cx+Kx=F o)
X glaylo ol Dlads 515 5 o)l oy lop Kl Fjlay alall,y cpl yo
Sl 50 DLl 5 Sy (et slajloy LS S @ 5 K g X
i 4K gC M o sle (V) adasl) o oo il o 0l alisee
ol iten TMD 86 L ol JS (i 5 2lime o2 slomsile

Dgad iyl 5 (AT S0 4 Gl | o il

M =M+ M, )
C=Ci+Cy 9]
K=K,+K, 4p)



v s‘L'-‘ °)L°*5‘

YFV 50l oV o lads ) ol o cwaige pole j0 Slowlrs sla g, ddoxs /8

Wl )le TMD  >l,b Lol sl sl )y SAP2000 ,0 TMD (g5le Joe sl p
5

Slespz o

Slee 53 o

Slree 2lee (o) copo o
Slasin cplple Wb Jol de Cdel e ae clojle sl Jow o
K sled 205 o0 wela de b ln eind @S ooy sla ST
Ol VS o il o ()T (5T 5 0nind melass so > S0 (s3lo e
[33] el o0l ools
Link ledl Slasin lazyl [34] SAP2000 |l33le 5 30 51,00 (o5l Jaw sy
Dgdse dxxlre ) Soke & 5 a1 Cnl gl st oe i JliBle 5 5
Define > Section Properties > Link/Support Properties
az 0y L Link oledl Slasie 9 00,5 Gl 1) add new properties .
Sislei e 0,ls U2 (50131
3,lg Modify/Show for all «, ;5 sl | Directional Properties Ceaud ;o
sl yo 9 (5w ¢ 0ol Linear Link/Support Directional Propertiese ;o
pldl 225 sgre 5l SSTie py2r ol (arads jslate 4 098 00 3)lg 1) ST e
20,5
Assign > Joint > Masses > Translationl
o S s oile ez 3l psl ez ol wlrys plet Grizes
sl ay gl Translationl

T™D 1
Floor N

T™MD 2

T™MD 3

TMD N,y Floor f

Floor 2

Floor1

XN NNANNNAAN
[33loigds mubisis oy STy (2iSTy (IS slod ¥ S0

b oS oo Jsb a5 cnl Sy «(Time delay) t; 56 by i
e GBlal i hai a4 Jsl L sl by

Gl b 0sS o Jsb a5 ol Sloj :(Rise ime) ¢, sgno ooy i

B P KE-PA R PR | VA VAR OAA I A PRVA RIPVIVA RO

b & (Sl 23) Lees)d pss ai e St lp oy

3 S se 8 Jas S VY-

Voodgro ploy Jseme yob 4 (Sow 358) sl B Slapinns

PP LI IR R

ol odsl 4 o,y sl p3Y oo ((Peak time) t, zol o il
LW W

Gaion «(Maximum Overshoot) M, gl (saicin v
50) Lo s 4 s ol gzl gl e il 3
22 5 e bco (slojlo slopptuns )0 395 o0 § S o3I (S L
Sie &S (635lge (o e G oue Lo G slopiacen
o ] oy Jyans s5b & s S iy S ilo o
1290 iy Dy 4 e (nl 3gd o0 00 )

_ C(tp) = C() <

;
) 100 *)

S o A
(o b ey by S sy asile) SLai 5550 CunS o gl (1) o jo o
airlaiigo S (K58 e s Jpane 5 41, €(00)
Jeb a5 el Slej «(Settling time) &5 (cuwid) ial,] lo; .V
Aol e Joo (ghere s0S 4 gy imie b 0dS o
G gt Jgene 5k & 028 (ul by 0 Gl o 5 ey
Bgden Gl (LB BLY ) o] oles lade 5l allae s o
Slaptass (slosls S St oig 4 J5S slapitars 551
sl ansls Joud BB obey uly Wb K0 pew 4 aiies by (055>
Aol oF 638 sl a5 0,8 oelans JakT b 1) S5 el (S
D¢
dojlos 51 S0yl 0ezg Al s jlae il sbagwly om0
Jsexe jsb 4 aslil o Job 4 o3l il )l a5 el Sloj o gy p
B (sl (2Ll £9,90) 435 £989 €978 (Sloy soib b el 21y s 00!
S Egezme Jold o)y oml K0 O)le 4 [314]05le il )l GBg5 e
E839 (b 50 Jsore j5b el Sl g (6 Lt ilas )| o o3l lugs e
WS o oy delol Al e g0 50 lug pl 0ed so Hlug Hlo ojle Al
ol & a5 adlos g5y Sl 5o A3l a5 col Sloy 4 bgape Sl al> e
Oy Ay sl Bgyme ol ilas )l 4y als ol aiS e Glugs lizres o)l
5l am ol b aiS o Job a5 canl Gloy o Sk il lej 500
s 5 g el a5 Jole pa a6 g il 4 A5 e48s e
Pl plFier 398 Dlonedgs 4 4z L [B]gh A3l 989 plim o5l 3,
a3l oy 50 s s w55l g olT alas | gl e g0 o ) 05l
5o T bl gzl bl lsie 4 1)l Bdo alasd ) (6550 Ll o]
pledt B )L B 5l am | s (Slagiasly cpgm po slahg; S0 b Jalogs
isled oo dnwloee slojle Slilugs LelS
SAP2000 ;3 S0 siluoe Jolpe -7



Vol olet

VFY 5l oY o leds o) ol waige pole jo Slasloee sl ig ) alons Y

B} Assign Joint Masses %

Specify Joint Mass
@ As Mass
As Weight

As Volume and Material Property

Material ADOOPsi
Mass Coordinate System
Direction GLOBAL =
Mass
Translation Global X 382419 ton
Translation Global Y o ton
Translation Glabal Z o ton
Mass Moment of Inertia
Rotation about Global X Q ton-m*
Retation about Global ¥ 0 ton-m*®
Rotation about Global Z Q ton-m*

Options
) Add to Existing Masses
@ Replace Existing Masses

| Delete Existing Masses

[ Reset Form to Default Values

[ ok | [ cese |

SAP2000 J53ls 5 1o TMD > iy 5 O S
oud DL Ve ¥ Jlo o o il 5l CBSOLS 25 4 psbaie (ol sl
Sy plaisle b abipe] )l solizul b aeilKioks [35]
o Sl sledal o (ubide 4 [36]plex (alng VAL s bl Wy
Sl ples  (@laiz 5 9,800) onigd oulas o7 gla e (25T il
o ol ey e sl ) slacs 25 Sl 55 goVsh il slaplezs L
P &Sl 0 i35 15 )3 il e (lej el g0 (Sl Azl
Sgwly g atils dalol lizen of51 il )| Judow 35 plesl 5lam S0

20,5 o o3l

Jeoz ol jo el ool 70 V Jgaz j0 aab canss ojle Slasie
P con> p) diib ja (B 5 (p,5 LS @) plettle Gl Sl e
Sde oy Sly el oals i) Joaz ¥ 5 ¥ slo gt 10 i 4 (e
el o gl callio 4 aslllas o g0 s Yo olazslo Liel)] ol
yiosn 55,5 i 53 a5 o8 45 olaj ot sy ¥ b sy e
4l YAyl Sby wuwe a5 Golbaf oKl 3y slp Jlo olge 4
Y a5 a0t 4285 L5 10 i VYV.AA ply Ll o) oo e
35 lelllols Gae 4 azgs b Sy assn U Judow oyloy polis
Jobee Gloj azs b Jolows (sl (o eolie e sz (nl 53 ol 00 00
il 0 oy A3l CBELLD ey e il g0

(ol Gl ) D) W3l 89,5 G (Sloj abold & j50 4y el T o e
(@315 S8 25 ol 5 my ojlo ol saails) o3l ST alai ) (L b
aib Ve gojle ialyT loj S (saunlin 5 oy gl 00,5 o diule
iz S, lakie o poslae 5 eslitul b dilise sloalil; cow
Omizad g Cawgm Jsaz duiew) (MTMD-C5) L oy o) 51,
3929 (9 9 (STMD) 9yaie odigh oot o2 Slyne > o([26] 2 o
G sl 00 03,51 ¥ Jsaz ;0 (NON TMD) edigds oudais p,> 5,00
BB (30,3 ) Slie gl S 9 (22,3 O) 03les o2 4 STre o0y
W U7l Ss g j55 0 Joazr ,0 dil Yo (gojle & bgs o gl ilons
Oy olyee a5 sl ST Y Jgaz ;0 ool il b 5l .l sads 00 y4]
30 B YD ply 810 e clo o (o2) SLIS a3y j0 o5l SO o0
MY+ il S5 oo cojler SlBgh diiabs 10 FTree o5y 5l ool il

:K: Link/Support Property Data =

Link/Support Type Linear v]

Property Name TMD

Set Defaul Name
Modify/Show...

Property Notes
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Abstract

The stability of power systems is an important and vital challenge. The instabilities created in power networks are due to
the existence of factors such as short circuit, switching, or error, which causes loss of generator synchronism and thus
leads to interruption in the process of power gen-eration. Today, by using FACTS tools and reactive power compensation,
it helps to stabilize sys-tems against such problems. In this paper, SVC and STATCOM are investigated and analyzed in
order to maintain network synchronism and increase the dynamic stability and transient stability of the system against the
mentioned factors, in reactive power compensation. The presented sim-ulations were performed in the
MATLAB/Simulink environment and the results were fully checked.

Keywords
Flexible Alternating Current Transmission Systems (FACTS), SVC, STATCOM, Reactive Power Compensation, Voltage
Stability

1. Introduction supply the required reactive power. For this reason,
The electrical system is among the most important reactive power compensation in power networks in order
and basic parts of daily life. Therefore, the generation and to prevent voltage collapse and reduce losses is an
transmission of electrical energy is one of the main tasks important issue that can be investigated. As a result, to
of electrical networks, and maintaining the reliability of solve these challenges, the design of compensators is one
energy distribution is one of the quality indicators of the of the important topics in the design of transmission lines.
supplier's resources. In recent years, due to the growth of On the other hand, due to the existence of some
power demandand the high cost of constructing power limitations in AC transmission lines, the use of
plants and transmission lines, power grids are sometimes compensators can solve these limitations. The use of
operated close to the margin of their voltage stability, and controllable compensators has a great impact on the
therefore this form of stability has received much quality of power distribution. One of the solutions to
attention in recent years. Today, the largest share of eliminate voltage instability in power grids is to provide
power consumption in distribution networks goes to reactive power in the suitable position. The use of power
industrial loads such as fans, pumps, metal melting electronic devices can be a suitable answer to solve this
furnaces and such loads. Due to the relatively low power challenge. By compensating for reactive power in the
factor, these loads cause more reactive power to flow in transmission network, power electronic tools eliminate
the transmission and distribution lines. Lack of suitable system instability, voltage drops and fluctuations.
control over reactive power leads to increased losses in Meanwhile, flexible alternating current transmission
feeders and also reduces the ability of lines to transmit systems (FACTS) are a suitable solution for reactive
active power. Due to the ever-increasing demand for power compensation in order to establish voltage
energy and limitations in the structure of traditional stability [6-9].
networks, these networks are under increasing load In [1] with the aim of planning and controlling the
pressure, and This issue causes voltage instability as well reactive power of FACTS devices, investigations have
as errors and losses in system performance [1-5]. been done by implementing a new algorithm in SVC
Voltage instability is one of the main challenges in (shunt) and thyristor controlled series compensator
the transmission network. In recent years, the issue of (TCSC). In the proposed method, the Whale
"grid stability" has become one of the most important Optimization Algorithm (WOA) shows its superiority in

challenge in power generation and transmission lines.
Any imbalance in energy distribution due to disturbances
can make the system unstable. The main reason for
voltage instability is the inability of the power system to
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this method by minimizing the reactive power loss and
the total operating cost of the system including the cost
of the real devices by maintaining the voltage profile
within the permissible limit. The proposed algorithm is
an accurate and reliable method for the optimal
coordination of facts devices compared to other sources
of reactive power supply in the network. In [2], a new
method of the SVC model developed with the thyristor
firing angle law to improve the transient performance of
frequency and voltage has been introduced and compared
with the controlled thyristor static VAR compensators
(CSVC) model. In reviewing the obtained results, the
ESVC model performs better than the CSVC model
because, in addition to only requiring local measurements
without prior knowledge of the power system parameters,
it directly calculates the law of the thyristor firing angle
and applies the desired susceptance. and is also resistant
in different operating conditions. Non-linear loads with
the consumption of reactive power make the need to
apply SVC in the transmission network inevitable. On the
other hand, using SVC itself causes destructive
harmonics in the lines. In order to solve this challenge, a
method has been designed in [3] that limits these
harmonics with the help of APF (active power filter).
They are solved during reactive power compensation in
SVC. Considering that the presence of APF in the SVC
structure for medium voltages brings a lot of costs, in the
next study, a new model called hybrid active power filter
(HAPF) is designed for SVC, which provides a cost-
effective method for compensation. heavy loads in
medium voltage applications; Thus, when the HAPF is
used to provide harmonic power as well as partial
reactive power compensation, the SVC section provides
and compensates the reactive power dynamically [4].In
[6], a new model has been presented to investigate the
uncertainty in reactive power forecasting that can be
compensated by SVC. The presented method tries to
compare the traditional forecasting models of uncertainty
analysis and the new probabilistic forecasting model.
replace point-to-point prediction with optimal prediction
intervals (PI). In this method, lower upper bound
estimation (LUBE) is used to train Artificial Neural
Network (ANN) to make high quality PI. A reactive
power compensation technique with SVC compensator
for a four-wire system is presented in [7], which, in
addition to reactive power compensation, balances the
load and also compensates the neutral current. In this
technique, A-TCR structures with TSC-Y and A-TSC are
combined. In this method, thyristor controlled reactor
(TCR) is a thyristor-controlled reactor connected to A-
shaped structure and a number of thyristor switch
capacitors are connected to A and Y. In [8], to improve
the quality of power in transmission lines, by combining
an instantaneous compensator and SVC, a suitable and
optimal design has been analyzed. Considering that the
instantaneous compensator needs an independent power
source, which itself imposes a lot of cost on the network,
but in the new method, by combining it with SVC, it
solves the decrease in the independent power capacity of
the instantaneous compensator. In the final results, it was
found that this combined method reduces the cost of
creating a separate power supply to supply the
compensation current and maintains the power factor. In
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[9], a method has been investigated that investigates the
reactive power consumption in wind turbines (WT). The
induction generator consumes a lot of reactive power, so
as a result, it causes fluctuation and imbalance in the
output voltage for consumers. Therefore, SVC-WT can
be used for power balancing. In this study, the power that
is compensated by SVC static compensator is done with
the help of neural network (NN) based model and using
lower upper bound estimation (LUBE) method. In [10],
with the aim of reducing light flicker (LF) in projects that
use electric arc furnaces, a method for reactive power
compensation based on optimized statcom has been
proposed. Instability, harmonics, and voltage imbalance
are among the main disadvantages of LF. In the
proposedmethod, by modifying the classical algorithm
that is based on the park transformation for statcom
control by introducing a selective inter-harmonic filter, it
enables the reactive power that is only between
harmonics in a suitable band around the fundamental
frequency that It mainly affects the LF to be compensated.
In the next research, using the low voltage ride through
(LVRT) strategy for cascaded h-bridge (CHB)-Statcom
operation, the operator can control the reactive power of
positive and negative sequences in the condition that the
network is unbalanced, and other degrees of CHB
Statcom for Apply capacitor voltage balancing. In this
method, balancing is achieved by a combination of zero
sequence voltage injection and negative sequence active
current control [11]. In [12], an operational strategy is
proposed under the title of analyzing the use of PWM in
emergency situations to prevent overcurrent and the
occurrence of fluctuations and power outages, in which
during the recovery of faults such as line-to-ground (LG),
line-to-line (LL) and three-phase fault, this scenario is
exploited. This strategy provides system reactive power
to prevent SVC overcurrent, which brings high efficiency
when power system faults and disturbances occur. In [13],
a comparison has been made between svc and statcom in
order to compensate the reactive power of a wind farm
connected to the grid. According to the results, it can be
seen that statcom produces more reactive power in
addition to having the same compensation capacity. From
an economic point of view, due to the fact that the
compensation capacity is reduced in statcom, it is more
economical for investment than svc.In [14], a comparison
is made between Double-Star Chopper Cell (DSCC) and
Single-Delta Bridge Cell (SDBC) topology multi-level
converters for statcom. According to the tests, we see that
SDBC topology requires less energy storage than to
DSCC. Less power loss was observed during positive
sequence compensation and sdbc losses increased during
negative sequence execution, as a result of which dscc
has shown better performance. In [16], the performance
and characteristics of power switches in the transmission
network have been investigated. In the investigation, it is
clear that the series compensation and hvdc loading level
do not have much effect on the oscillation frequency as
well as the magnitude of the oscillation, so that the effect
of the number of standby statcoms is greater than other
available factors. Also, in an AC network that is
weakened by instabilities The use of several statcoms in
the connected state causes instability and has a high
effect on increasing the effective short circuit ratio
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(ESCR), reducing the oscillation frequency, and
improving the damping. In statcom, in addition to the
power operating modes, there is an adaptive
compensation operation mode that has the ability to
compensate for the voltage imbalance, which is
mentioned in the research [17]. ) is done sporadically in
network connected mode and the used synchronous
machine model is described as s-statcom with the concept
of derived vectors that leads to a model in the (alpha and
beta) framework.

2. FACTS DEVICES

In an ideal power system network, the voltage should
be in its balanced state and the amplitude and phase of
the voltage should be 120 degrees different. The network
current may be unbalanced and disturbed and make the
network unstable. One of the most important reasons for
imbalance in a transmission system is the non-uniformity
of single-phase loads such as frictional single-phase
networks, rural networks and loads that cause partial
imbalance and mild instability is transmitted in the
network. On the other hand, the occurrence of imbalance
and large short-term instabilities can occur due to power
system errors such as single-phase to ground error, three-
phase connection, etc. The occurrence of unbalanced
voltage in the network can cause an in-crease in losses in
the power transmission network and inappropriate
performance of power electronics converters and
induction drivers. Accordingly, the issue of reactive
power control is raised, because reactive power control is
one of the basic factors in in-creasing stability and
improving power quality in power systems; In such a way
that the lack of supply of sufficient amount and the lack
of a suitable control method of re-active power causes an
increase in transmission losses, a decrease in power
transfer capability, and a decrease in voltage regulation
at the end of the lines and at the load location [18-22].

Currently, various types of FACTS devices are used
in power transmission networks, the most important of
which are:

- SVC: Static Var compensator

- TCSC: thyristor control series capacitor

- STATCOM: static compensator

In the past, most of the reactor controlled with TCR
thyristor and switched capacitor with TCSC thyristor
were used for reactive power compensation. But
nowadays, SVC and STATCOM are used as one of the
newest generations of the second generation of FACTS
devices with suitable dynamic performance, and in this
research, the investigation and comparison of these two
compensators in power transmission lines has been done.

2.1. Static Var Compensator (SVC)

SVC is one of the most important elements of FACTS,
which has been used for many years due to its technical
and economic advantage in solving the problem of
voltage dynamics. The accuracy, accessibility and fast
response of SVC compared to classical parallel
compensators make it a very efficient device in
controlling the transient and mode voltages. The figure
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below shows the structure of SVC and its I-V
characteristic.

SVC is connected in parallel to the network and as
shown in the figure, it can appear in two modes of
reactive power compensation in the form of inductance
or capacitance. In the capacitive current greater than
I¢, .., the SVC becomes a capacitor and its reactive
power changes as a function of the grid voltage. The
slope of the V_I graph between I, and L. _ is usually
considered to be 2% to 5%.

One of the most important applications and
advantages of using SVC in the transmission network can
be mentioned: stabilizing voltage in weak networks,
reducing transmission  losses, increasing power
transmission capacity, increasing damping of small
disturbances, improving voltage stability and eliminating
power fluctuations. SVCs are divided into different types
according to the elements used in their construction, the
most common of which are: TCR thyristor control reactor,
TSC thyristor switch capacitor, TSR thyristor switch
reactor and MSC mechanical switch capacitor, which are
usually used for their installation Points in the vicinity of
major and large loads (wide urban areas), near voltage-
sensitive loads or in the vicinity of industrial loads are
suggested. In fact, the installation of SVC in these three
places has the greatest impact on power network loads.
As mentioned earlier, if the SVC approaches its reactive
power limit, it becomes a fixed capacitor and its reactive
power generation becomes a function of the network
voltage. This phenomenon is considered one of the
disadvantages of SVC.
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Fig. 1 SVC structure and its V_I characteristic.
2.2. Static Var Compensator (SVC)

Static compensators or statcom are connected in
parallel to the network and have the ability to inject and
absorb reactive load. statcom (static synchronous
reactive power compensator) is one of the important
FACTS tools that plays an effective role in voltage
stability. The main role of STATCOM is actually voltage
support at critical points.
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Fig. 2 STATCOM and its V_I characteristic.

The basis of operation of STATCOM is similar to
synchronous condenser. Since power electronics are used
in the construction of this device, it is called a static
compensator. The converters used in this compensator
provide the required reactive power locally at th
connection point of the STATCOM to the network and
its output can be continuously adjusted, for this reason in
cases where the power network voltage has wide changes
(in the event of a disturbance or after fixing error) this
compensator is used. Figure (2-3) shows a diagram of
STATCOM and its V_I characteristic. Generation or
absorption of reactive power is done by the voltage
source converter (VSC) by adjusting the V,..; voltage.

Table 1. Comparison of V_I characteristic of SVC
and STATCOM [3] and [2].

feature STATCOM SvC
Current source | Impedance with
Characteristic with good . proper .
VI performance in | performance in
- low voltage
conditions
Control range symmetrical High_v_oltage
conditions
1to 2 cycles Adjustable in
response time any range of
CRI/TSR/TSC
branches
40-50% 1to 3 cycles
required space | compared to
SvC
Accessibility 98-96% 100%
Investment cost | 120-150% more than 99%

According to the structure of STATCOM, one of its
most important applications can be mentioned: dynamic
voltage control, improvement of transient stability,
elimination of power fluctuations in the transmission
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network and control of real and reactive power. There are
various methods for extracting the reference current in
STATCOM, one of these methods is the reactive power
theory is instantaneous. This theory can be used in other
compensators, such as active filters. This theory was
proposed for the first time by Akagi and is also known as
instantaneous reactive power theory, instantaneous
power theory or p-q theory. The basis of this theory is
based on the conversion of the three-phase to two-phase
quantity in the @ — 8 device and the calculation of
instantaneous active and reactive powers.

3. COMPARISON OF STATCOM AND SVC:

STATCOM and SVC are very similar in terms of
compensation functionality, but their working principles
are fundamentally different. The STATCOM acts as a
synchronous voltage source, while the SVC acts as a
controlled reactive admittance. This difference makes the
STATCOM have better performance characteristics and
more flexibility than the SVC. Figure 4-2 compares
STATCOM and SVC voltage-current specifications. As
can be seen from the figure, in the linear performance
range of V-l characteristic, the compensation
performance of STATCOM and SVC is similar. By

considering the non-linear performance range, the
STATCOM is able to control its output current within the
maximum capacitive and self-compensation range
independently of the system's AC voltage. While the
maximum compensation current that can be obtained
using SVC decreases linearly with the system voltage.
Therefore, in supplying voltage under large system
disturbances during which the system voltage is out of
the linear range, STATCOM works much more
effectively than SVC. STATCOM's ability to maintain
full capacitor output current in low system voltage
conditions makes STATCOM more effective than SVC
in maintaining system transient stability. When active
power compensation is needed, STATCOM is able to
take power from an energy storage source (battery,
capacitor bank, etc.) using its DC terminal and inject it
into the network from its AC terminal. While SVC does
not have this capability.

(a) STATCOM

-—
Ic Iem

Capacitive Inductive Capacitive Inductive

Fig. 3. Comparison of V_1I characteristic of SVC
and STATCOM

In dealing with a lot of uncertainties, the performance
and efficiency of type-1 fuzzy systems is not suitable.
The membership degree of type-1 fuzzy sets is a crisp
number while the membership degree of type-2 fuzzy
sets is a type-1 fuzzy number.
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4. COMPARISON OF STATCOM AND SVC:

4. 1. SVC simulation

SVC is a parallel reactive power compensator that
includes TSC and TCR as shown in the figure below. The
stability and control equations of the system are
performed by the linearized models of the power network.

transmission
line

potential \L

coupling  Lsja)
transformer ¥y v transformer /‘T“
| — |
thyristors % 4

switchir\gT % iy Y K v 5 * I controller |

I -
parameter

c T [+ T L L selling

Capacilor
banks

Fig. 4. SVC structure [4]

Figure 4 shows a single machine model with an
infinite bus. This system can be described by nonlinear
differential equations from the Hefron-Phillips linear
model which is given below.

Transformer

Fig. 5. single machine to infinite bus model with
SVC.

In the following section, the network equations
without the presence of SVC are placed:

6 = wyAw 1)
. Py,—P.—DAw
A = Em=Pe=Diw) @)
2H
5 _ (“Eq—Ege)
Eq =—01, ®
s (Veo—Ve)
qu - KA 1+sTy (4)
EgVpsind V2 (Xg—Xg)sin26
_ EqVp b Xq—Xq
P =—F—— - 5)
Xay 2XayXqy
XavE, X4—X4)VpcosS
E, = dgq_(d d),b ©)
Xdz Xdz
XqVpsiné
_ “q¥b
Via = BT (7
ay,
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Vig = o2 + 222 8
ta = Zay Xay (8)
Xay = Xa + X, ©)
Xdz = Xq + X, (10)
Xdz = Xd + XL (11)

When an SVC is installed in the system, the above
equations should be changed and the effect of the
installed SVC with “XSVC” reactance on the
performance of the whole system should be seen. The
equations with SVC are expressed as follows:

X
C=1--=% (12)
Xsve
XL Xp
Xrp = < —_XL (13)
Xsvec
P _ Equ siné _ Vbz(Xd—Xd) sin 26 (14)
€ CXgy 2C2X gy Xy
XayE, Xq—Xq)VpcosS
E, = ;q_(d d)'b 15)
Xdz CXdZ
XqVpsinéd
_ “2q"b
Vea = "og o
dy,
XLEq VpX4cosd
Vig == - an
Xdz CXdZ

By linearizing the above equations in operating
conditions, the linearized Hefron-Phillips model of the
system with SVC can be obtained from the following
figure.

Fig. 6. block diagram of single machine control to
infinite bus without SVC [3].

When the SVC is connected to the infinite bus, its
control system is initially determined. Although there are
many effective control patterns for the operation of this
compensator, only one PI controller is selected for it. The
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structure of the P1 controller is shown in the figure below,
which has two parameters, Kp and KI, which must be
adjusted so that the voltage fluctuations of the range are
minimized both in the case of the range and the frequency.

Limiter

Fig. 7. Pl controller structure [4]membership
functions.

By combining the PI controller to control the
operation of the SVC, the block diagram of the infinite
bus control system is shown in Figure 7. SVC is an
adjustable parallel susceptor that has no moving parts and
its application is to stabilize transient and permanent
voltage, improve transient and dynamic stability, reduce
flicker, improve power factor and load balancing. The
simulation circuit and its results are shown in the
following figures, where it shows the performance of the
steady state and dynamic mode of an SVC that regulates
the voltage in a 500kv system with a frequency of 60hz
and a load of 100MVA.

SVC Power System

Equiv. 500 KV B4
3000 MVA

Fig. 9. network waveform under load before placing
SVC

As can be seen in the figure above, our main network
normally faces the problem of voltage drop or lack of
reactive power when under load, for this reason, to solve
this problem and compensate the reactive power from a
We use SVC which is connected in parallel with the
network and the results are seen below.
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(b)

Fig. 10. VQ diagram resulting from SVC simulation

By placing the SVC in parallel with the network, the
compensation operation is performed during the load
application and Figure 12-3 is the graph resulting from
the compensation, in which the VQ diagram with the
placement of the SVC has an optimal and more regular
operation, and in the linear region of the operation
compensation is done and the problem of reactive power
loss is solved.

4.2. STATCOM simulation

The STATCOM model presented in this review is
based on the power balance equation, which basically
represents the balance between the AC power of the P
controller and the DC power under balanced conditions
at the main frequency.

P =Py + Pposs

For models designed with high accuracy, it is very
important to consider controller losses. PWM controller
is a practical factor for VSC-based controllers because by
using GTO, there are no more high switching losses in
them. For the transient model, the voltages are balanced,
the controller is precisely designed for transient stability
studies by Figure 11 is modeled.

(18)

VvZLS ‘
| 1£eo
,‘T,‘\ 12O a:1
V- g R
G a * l RV
K(PWM) Q) } C LR,
PWM i e = R
Verer o
+ - '

Fig. 2. STATCOM transient stability model with
PWM voltage control.

The differential equations related to this model can be
written as follows:

Xc
(:Z = fC (xC' a.m.V. VdC' Vref- Vdcref) (19)
m
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vV, = Lcos(6 —-0)— V _RE (20)
dc CVac dc CVge
P—VI cos(6 —6)
Q—VIsin(6 —0)
O=|p_v2G 4+kVyVG cos(d—a)+kVaV B sin(d —a) @1
Q + V2B — kV4VBcos(6 —a)+kVy VG sin(é — )
When admittance:
(R+JX) =G + JB 22)

As an indicator of the impedance of the transformer
and each filter series Ac. Gc is used to model the
switching inertia of the converter, which is caused by the
electronic switches and its circuits, which has a direct

effect on the dynamics of the capacitor voltage .

_2 3
=

(23)

K Is directly proportional to the modulation index (m).

The variables xc and (0) Fc in the above equation are the
variables of the internal control system and the equations,
respectively, and hence have a great dependence on the

PWM or phase control method used in the control system.

In the simple voltage controller shown in the figure
below, variables and differential equations are directly
related to different control blocks. It can be seen that in
this PWM controller, the AC bus voltage range is
controlled through the modulation index m and this has a
direct effect on the VSC voltage range. Although the
phase angle a which basically determines the active
power flow p in the controller and the charge and
discharge of the capacitor are used to directly control the
DC voltage range.

vZLS
| 1£e©
B g a:l
— an 77w s€
[ R+jX
J
V. L
< +4 §l - l Kk V./0Q
* kewy " } C =R
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Fig. 32. PWM voltage control of a STATCOM.

The steady state model can be easily obtained from
the previous equation by substituting the corresponding
differential equations with the DC voltage steady state
equations and the STATCOM voltage control
characteristics.
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Fig. 43. STATCOM performance diagram in
permanent mode.

In the circuit designed for simulation, the number of
6 thyristors is included. PWM applies two sine and
triangular waves to the circuit. Triangular wave is a
carrier wave whose frequency is much higher than sine
wave. In order to be able to apply PWM, we act in such
a way that a scenario is made for a comparison between
two types of applied waves. If the size of the sine wave
is greater than the triangular wave, the ON command is
issued, and if the triangular wave is greater than the sine
wave, the cut command is issued. For this purpose, we
use angles. On the other hand, for the angle of fire,
calculations have been done through a control circuit
along with a lead-lag filter and a PI controller. In this
study, the output of the PI controller is the angle in
radians, which can be converted to degrees. Now, by
subtracting 2 obtained sets, 6 angles can be obtained. To
check the on/off mode, a triangular wave is made exactly
with the PLL block and the 6 fire angles obtained. First,
we multiply these angles by the carrier frequency by 33
and create a model of it along 360 degrees. The
simulation circuit and the results of the simulation are
shown in the figure below. The simulated scheme shows
the steady state and dynamic performance of a
STATCOM that regulates the voltage in a 500KV system
with a frequency of 60HZ and 100MVA.

_D—.*'

7 ] J@

Memary

Fig. 54. STATCOM simulation circuit

In the control system designed for statcom in the
simulations, a phase locking loop (PLL) that coincides
with the positive sequence component of the three-phase
primary voltage v1. The PLL output (phi angle) is used
to calculate the vertical and direct axis components of
three-phase  AC voltages and currents (labeled
Vd,Vq,Id,Iq in the simulation file). The measuring
system that measures the d, g components of AC positive
sequence voltages and currents, which must be controlled
along with DC voltage (Vdc). An external regulation
loop that includes an AC voltage regulator and a DC
voltage regulator is considered. The output of the AC
voltage regulator is the reference current Iqref for the
current regulator (Ig = current perpendicular to the
voltage that controls the passing reactive power). The
output of the DC voltage regulator is the reference
current Idref for the current regulator (Id = current in
phase with the voltage that controls the active power). In
an internal current regulation loop that includes a current
regulator, the current regulator adjusts the amplitude and
phase of the voltage generated by the PWM converter
(V2d, V2q in the simulation circuit) from the reference
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currents Idref and Igref , respectively, by the AC
voltage regulators. Controls the DC generated.

Fig. 65. network voltage before compensation

Figure 15 shows the network voltage. As shown, as a
result of load change in time 0.1 to 0.3, the network
voltage has decreased and the network has moved away
from its stable state.
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Fig. 76. network voltage after compensation

In figure 16 the network voltage after compensation
is shown, it can be seen that after the compensation
operation, the network voltage remained at its constant
value when under load, and the effect of the presence of
STATCOM is fully shown and full compensation There
have been.
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Fig. 87. injected current by STATCOM

The above figure shows the reference voltage and the
measured voltage of the network, which is under load in
time 0.1 to time 0.3 and the network voltage decreases
significantly.

The above figure shows the reference voltage and the
measured voltage of the network, which is under load in
time 0.1 to time 0.3 and the network voltage decreases

significantly.
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Fig. 98. diagram of active power and reactive power
of the network

Figure 18 shows the active and reactive powers of the
network, which is under load in time 0.1 to 0.3, and we
see a decrease in the reactive power of the network, and

compensation must be done to solve this problem .

Fig. 109. Reactive power injected by the
compensator

In this diagram, the reactive power that STATCOM
injects into the network can be seen. In figure 18, it was
observed that the lack of reactive power is determined at
the time 0.1 to 0.3 when the network is under load. But
in figure 19 we can see that in time 0.1 to 0.3 the
compensator performs the compensation action which is
the injection of reactive power into the network and
solves the problem of lack of reactive power well.

5. Conclusion

STATCOM and SVC are very similar in terms of
compensation  functionality, but their operating
principles are fundamentally different. The STATCOM
acts as a synchronous voltage source, while the SVC acts
as a controlled reactive admittance. This difference

makes STATCOM  have better performance
characteristics and more flexibility than SVC. As you
know, in the linear performance range of V-I

characteristic, the compensation performance of
STATCOM and SVC is similar. Considering the non-
linear performance range, STATCOM is able to control
its output current in the range of maximum capacitive and
inductive compensation independent of the AC system
voltage. While the maximum compensation current that
can be obtained using SVC decreases linearly with the
system voltage. Therefore, in providing voltage under
large system disturbances during which the system
voltage is out of the linear range, STATCOM works
much more effectively than SVC. The ability of
STATCOM to fully maintain the capacitor output current
in low system voltage conditions makes STATCOM
more effective than SVC in maintaining the transient
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stability of the system. When active power compensation
is needed, STATCOM s able to take power from an
energy storage source (battery, capacitor bank, etc.) using
its DC terminal and inject it into the network from its AC
terminal. While SVC does not have this capability.
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Abstract

Direct Torque Control (DTC) is one of the novel methods of the induction motor control in which the torque generated
by the induction motor is controlled directly by the inverter switching modes. The direct torque control method has
advantages than other induction motor control methods, which include: 1- Non-use of current controllers 2- Remove rotor
positioning sensors 3- Quick torque response 4- Lack of dependence on some parameters of the induction motor and 5-
lack of need to control any axis of the motor. Due to these features, this method has become one of the popular methods
of the induction motor control in industry. But it still has some disadvantages, such as a high ripple in the curves of
electromagnetic torque and stator flux, as well as the inappropriate performance at low engine speeds. In this paper,
various strategies for direct torque control of the induction motor have been investigated and an improved switching table
has been proposed as well as a switching table with 12 regions that are compared with other methods and results indicate
that the direct torque control strategy using 12 regions, improves the flux and torque ripple to a satisfactory level. The
simulation was performed in Simulink/ Matlab and the results are presented in the simulation section.

Keywords
Direct Torque Control (DTC), Squirrel cage induction motor control, flux and torque ripp, Induction Motor, Switching
Table.

1. Introduction in the bandwidth defined in the hysteresis controllers of

At first, the speed control of electrical machines was flux and torque[7, 8]. A lot of research has been done to
driven by direct current machines traditionally, since the improve the DTC in recent years. In[9, 10], a direct
magnetic flux and electromagnetic torque are in direct torque control method is proposed based on which the
relationship with the stator current and the rotor stator flux curve is directed at a specified path and by
respectively. In the past 20 years, direct current machines inverter switching frequency reduction by the specified
(DC) have given way to induction machines and their reference value for it. In[11, 12], a control scheme based
abundant application is undeniable in the industry. on direct torque control has proposed in which the rotor
However, due to their coupled nonlinear structure, the reference flux has used instead of the stator reference flux.
coupling between stator and rotor windings varies over In this method, the use of rotor and stator flux control
time, which makes it is difficult to to control this type of have combined without knowing the position of the rotor
motor. The vector control method (FOC) has been used flux. This idea requires the use of induction motor
in the industry for many years and instead of direct parameters that has usually encountered with saturation
current motors, AC machines with this type of control problems. In the common DTC method, two hysteresis
was used. The vector control method (FOC) is similar to controllers for flux and torque are used in which flux
the DC motor control which has a fast torque response hysteresis controller is two-levels and torque hysteresis
but for optimal performance, it needs to specify motor controller is three-levels. The bandwidth of the hysteresis
parameters accurately and the dependence of this method controllers has a great influence on the stator current
on the induction motor parameters is one of its curve. So that, by decreasing the bandwidth of the
disadvantages [1-6]. hysteresis controllers, the stator current curve approaches

In the last two decades, in order to improve the a sinusoidal wave [13]. In [14]different methods of
performance of the induction motor, a new direct torque artificial intelligence have been investigated on direct
control (DTC) of induction motor method was proposed torque control, In the case of using fuzzy logic, neural
by Japanese and German researchers. This method acts networks as and hybrid fuzzy logic, the flux, and torque
on the basis of selecting the most suitable voltage vector ripple decrease significantly.

to maintain the curve of electromagnetic flux and torque
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In this paper, first introduces the common direct
torque control (DTC) scheme and then compares it with
other methods based on direct torque control. Various
articles have been done in this field [15-17], but the
methods presented in this article have good performance
in terms of torque ripple and flux ripple. Due to the
adjustment of the parameters controlling the hysteresis
flux and torque in all three conventional methods, it has
improved and the 12 ripple flux regions, especially the
torque ripple, have had an acceptable reduction compared
to the normal state. Also in some similar papers, a
synchronous motor as well as a dual feed induction
generator have been used to test the work, but in this
paper the squirrel cage induction motor has been used.
The results show that by applying this type of proposed
switching table, the stator flux ripple and electromagnetic
torque will be reduced to an acceptable level and the
problems that were in the common DTC, somewhat
resolved.

2. General DTC Structure
The DTC method includes different parts such as
switching tables, flux and torque hysteresis controllers,
speed estimator, voltage source inverter, PID controller
and several other components. In this method, the voltage
and current of a motor are sampled and, based on the
voltage and current values sampled, the amount of stator
flux is calculated. Then, using the current and flux values,
the electromagnetic torque is calculated. The values of
flux and torque are compared with their reference values
and are given to hysteresis controllers, the outputs of
these controllers are used for inverter switching. An
overview of the DTC method is given in figure 1.

The state space voltage of the three-phase inverter,
which is the induction motor stator windings input, is
given in equation 1:
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Fig. 1. An overview of the DTC method.

In which the variable n specifies different areas for
inverter operation. Voltage vectors for the six regions are
shown in Figure2. Indirect torque control, spatial vectors
are used, for this reason, the real and imaginary parts of
the stator voltage converted from the three-axis device
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into a two-axis device using the following transformation
[18].

cosd cos(H—%”) cos(9+%”)

v

V a

|2 sind sin(9—2—ﬁ) sin(¢9+2—”) v,

v, | 3 3 3
1o I
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2.1. Calculation of Stator Flux
The stator flux vector is calculated using the stator
voltage vector and the stator winding resistance:

1 et
¢s :ﬂjo (Vs _Rsls)dt+¢50

©)

In equation (3), 2 is the value of the flux linkage at
t=0.

the instant

Fig. 2. Output voltage vectors of inverter and stator
flux vector with six regions.

If the stator resistance is ignored, the stator flux
variations are obtained by the following equation:

Ag, =V At @)

In which Ag; represents the variations rate of the
stator flux which has been created by a new voltage
vector. This equation shows that the variations in the
stator flux depend on the input voltage vector applied
during the time interval At. Fig. 2 shows the stator flux
vector, which contains the radial component A¢,.and the
tangential component of 4¢,.[19, 20], and shows that if
the stator flux increases, we must select a voltage vector
that generates a greater radial component of the stator
flux.

2.2. Calculation of Electromagnetic Torque

The electromagnetic torque is obtained in induction
motors using Equation (5) [13, 21]:

L i
. *|@.|*sin @
SO Mgl sine, o
In the high equation, P the number of machine poles,
L the stator and rotor mutual-inductance, Ls the stator
self-inductance and the L, are the self-inductance of the
rotor windings. In steady state, the stator and rotor flux
sizes are almost constant and so, the electromagnetic
torque depends on the angle between the stator and rotor
flux vector (0s), So that by increasing the angular value
between the stator and rotor flux vector, The
electromagnetic torque increases and vice versa.

T, =P

2.3. Hysteresis Controllers of Torque and Flux
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Hysteresis controllers’ performance are shown in
figure 3 and 4. The torque and stator flux are estimated
using equations 6 and 7:

3
Te :EP[¢salsﬂ _¢sﬁ|sa]
(6)
2+ 2
- (¢sa ¢sﬁ ) . . (7)
Estimated values are compared with their reference
values, and the resulting error value is given to hysteresis
controllers of flux and torque. The output of the
hysteresis controllers produces an integer that indicates

the increase or decrease in each of the flux and torque
values.
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Fig.3. Hysteresis controller of torque [1]

Tablel. General DTC switching table
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Fig.4. Hysteresis controller of flux [1]

Then the position of the stator flux vector is calculated
by Eq. (8):
¢

0, = tan*(=2)
sa (8)
Using the switching table 1, suitable voltage vectors
are selected for switching the voltage source inverter
(VSI). The applied voltage vectors will affect each of the
electromagnetic flux and torque. So that if the flux vector
is in region i, the voltage vectors of Vi + 1 or V;- 1 will
increase the flux amplitude and the V; + 2 or V- 2 vectors
will decrease the amplitude. Similarly, the voltage
vectors of the Vi + 1 and V; + 2 will increase the torque,
and the Vi- 1 and V;- 2 vectors will reduce the amount
of torque produced by the motor.

Outputs  of  hysteresis

controllers sector

qus C., 1 2 3 4 5 6

1 1 VZ V3 V4 V5 VG Vl
v V7 VO V7 VO V7 VO
-1 Vi \ vV, Vv, Vv, V,

; 1 V, Vv, V, V, V, Vv,
0 vV, V, Vv, Vv, Vv, V,
4 VS V6 Vl V2 V3 V4

Table2. Switching table of improved scheme

Outputs  of  hysteresis

controllers sector

(;(pS C. 1 2 3 4 5 6

L 1 Vv, V, Vv, V, V V,
0 V; Vo V; Vo V; Vo
-1 Vl V2 V3 V4 V5 V6

. 1 v, V, V, V, v, v,
0 V7 VO V7 VO V7 VO
-1 \A \'A V, Vv, Vv, Vv,

3. Direct torque control using improved switching
tables and 6 regions
A We found that in the general DTC, the first region
of the six regions was bound from the angle of -30
degrees to +30 degrees, but in the improved switching
table (table 2), the first region is bounded from zero to
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+60 degrees; in other words, the six regions have 30
degrees of angle variation (figure.5)[1]. The improved
switching table is obtained by changing the 30 degrees of
region. The improved switching table is presented in
table 2.
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Table3: Flux and torque variations due to theuse of different voltage vectors

Applied voltage General DTC (-30 and +30) Improved DTC (0 and 60)
vector
V1 Ambiguity in torque Flux increases and torque increase
V2 Torqgue increase and flux increase Torque increase and flux decrease
V3 Torque increase and flux decrease Ambiguity in flux
V4 Ambiguity in torque Torque increase and flux decrease
V5 | Torque decreases and flux decrease Torque decreases and flux decrease
V6 | Torque decreases and flux increase Ambiguity in flux
Table4. DTC switching Table in 12-Region Method
Outputs of
hysteresis sector
controllers
Cqu C,, 1 2 3 4 5 6 7 8 9 10 11 12
2 Vo [V, [V, (Y Y, Y Y Y Y Y Y, Y,
1 1 vV, 'V, V, Vv, Vv, Vv, V, \A Ve \'A V, V,
-1 \'A V, Vv, Vv, V, Vv, Vv, Vv, V, V, V, V,
-2 V, VvV, Y, Y Y Y, Y, Y
2 V, [V, Y, Ve Ve Y Y Y Y Y, Y, Y,
0 1 vV, |V, V, \A \'A Vi V, V, Vv, Vv, Vv, Vv,
-1 Voo Vo [V [V Y Y Y, Y, Y, Y Y Y,
-2 V. Vo V.V, VY, Y, Y, Y Y, Y,
vectors were not used. Now if the geometric location of
B ; ¥, the stator flux is divided into 12 regions, all applied
Vs. v. /' voltage vectors in each region were usable and there was
S \/: Ve ¥ an ambiguity problem described in the methods, will be
\ 2 2 X ._./ resolved. The geometric location of the stator flux with
i3 0\ I\ 1S 12 regions is shown in figure 6. [1, 18]
Ve l \\ /,{/ .
< 1 ‘/,.. ] cv' """""
R 3 : hio -
.K\{/ & \"_\/ 7
,'/ o e \ @ -.___.—-"\'Gfl-ntl'l W3 (AT
?5 \76 d:;:i:':f:_dj Wi FLTED}

Fig.5. The six regions of the improved scheme.

According to Table 3 in the general DTC, two voltage
vectors V1 and V4 have not been used because this
voltage vector, depending on the location of the stator
flux vector, can increase the torque and can also reduce
it. In the improved DTC, two vectors V3 and V6 are not
used, and here there is an ambiguity in the flux vector
[22]. In the improved DTC, the flux ripple value is less
than the ripple value in the general DTC.
4. Direct torque control with 12 regions switching

table method

In the general direct torque control (DTC), the two
applied voltage vectors of V; and V; + 1 in the i-region
created an ambiguity in torque and were practically
useless.Thus, in the improved DTC with six regions, two
applied voltage vectors of Vi + 2 and Vi + 5 created an
ambiguity in increase or decrease of flux, and these two

25

W FOTD VE(R.TD) V1

Fig.6. Voltage vectors and geometric location of
stator flux with 12 regions[23].

In figure 6:

FI = Flux Increase

FD = Flux Decrease

TD = Torque Decrease

Tl = Torque Increase

TSD = Torque Slight Decrease
TSI = Torque Slight Increase
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It should be noted that all voltage vectors are used in
this method.

The 12 regions DTC switching tableis listed in Table
4. It is clear that the voltage vector of V1 will generate a
relatively large increase in flux, as well as a slight
decrease in torque in the 12th region. According to the
switching table of 12-region method that given in table 4,
hysteresis controller of torque has 4-levels and hysteresis
controller of flux is 2-levels.

5. Simulation

To check the general direct torque control (DTC)
performance and proposed methods for improved
switching table and also, the 12-region switching table
mentioned above, in the Matlab/Simulink, simulation of
these methods are performed and simulation results are
given below. In simulations, the hysteresis controller
bandwidth of the torque is set to 0.5 and hysteresis
controller bandwidth of the flux is set to 0.01.

In simulations, the dynamic model of Squirrel cage
induction motor is used and the motor parameters used
are as follows:

Rr=1.34 ohm

Rs=1.77 ohm

LIr=12.12 mh

LIs=13.93 mh

Lm=369 mh

P=3kw

Vn=380 v

Pole=4

j=0.005 kg.m2

Bm=0.00001

5.1. Electromagnetic Torque Curves

Electromagnetic torque curves for different switching
tables are shown in figures 7-9. These curves are
magnified and can be seen in figures 10-12. As you can
see in the figures, the torque ripple in the general DTC
switching table is better than the torque ripple in the
improved switching table and also, the torque ripple in
the 12-region switching table has a noticeable
improvement over other switching table.
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Fig.7. General DTC electromagnetic torque curve
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5.2. Geometric Location Curves for Stator Flux

In figures 13-15, the stator flux curve is given in the
general DTC, DTC with improved switching table and
DTC with 12-regions switching table. According to the
figures, it can be seen that the stator flux curve in the 12-
regions method has improved relative to the general DTC
method and this will reduce the harmonics of the stator
current and improve its quality.
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5.3. Rotor Speed Curves

Rotor speed curves are presented in figures 16-18 in
triple methods of switching tables and its magnified
curve in figures 19-21. Also, it should be noted that the
load is applied to the system at the instant of 0.1 seconds
and the speed decrease in the curves is also due to this
issue.
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continues at about the same speed. It was found that the
DTC method with 12-regions switching table has better
performance than other tables and multi-levels inverters
can be used to improve the performance of this strategy.
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Abstract

Nowadays, with the increase in the cost of electric energy and on the other hand, the shortage of reserves and sources of energy supply, it is tried to
design energy consuming systems in a way that their cost is optimized as much as possible. One of the methods that can lead to energy saving and
optimization is the proper selection of high-efficiency consumer equipment and devices. In most countries, industries consume most of the electricity
produced, and their electricity consumption is mainly done by electric motors. In recent years, new regulations on the efficiency of electric motors have
been introduced around the world. One of the ways to reduce the energy consumption of motors is to lead the industry to use more efficient motors with
higher efficiency. The correct determination of the total losses in the induction motor has an important contribution to the more accurate estimation of
the efficiency of the induction motor, and by removing low-efficiency motors from the workplace cycle, costs and energy waste are greatly reduced.
Stray load losses are the most unknown element in the power balance of induction machines, and since these losses are of great importance in
determining the efficiency of the induction motor, in this report, all available methods for determining stray load losses are briefly introduced and
discussed.

Keywords
Motor load losses:Induction motor<Harmonic.
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Fuzzy modeling of the lung with the aim of analyzing the effects caused by corona
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Abstract

Fuzzy logic and systems have a high ability to model and approximate functions. With the outbreak of the corona pandemic, the mathematical modeling
of the respiratory flow in the human lung and the dynamics of respiratory aerosol particles that contain the SARS-CoV-2 virus have become more
important. The present research is a meta-analysis of the research done by the author and others to examine and present the challenges and complexities
of developing mathematical modeling of breathing and aerosols floating in breathing air. The intricacies of the problem are divided into two categories:
physical and mathematical. In the physics section, the limitation in reconstructing the entire geometry of the solution due to the presence of a large
number of bronchi and air bubbles and the lack of accuracy in imaging devices, individual differences in anatomy, physiological characteristics and
mechanisms of the respiratory system, and the difference in the dynamic behavior of aerosols in different diameters have been stated. In the mathematical
section, simple methods to solve partial differential equations and computational fluid dynamics approach are expressed as the most accurate common
methods. Finally, considering the development of personalized medicine and the use of 3D models of people's bodies to help doctors make decisions,
as well as the need for a quick solver for decision-making in the face of the Covid-19 pandemic, a new data-based but physics-informed method has
been proposed.

Keywords
Fuzzy system, computational intelligence, corona virus, system modeling and identification.
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Abstract

The discussion of n-generalized is a fundamental challenge in mathematical discussions. Considering that a lot of attention
has been paid to this discussion in recent years and studies, it is clear that there are still many and various challenges in
this field. In this paper we investigate and presented n-generalized skew projection for n=2,3 in Banach algebras. All the
equations are given completely from the beginning and the basis, and the full explanation of each of the formulas along
with their proof is presented in the paper. Also, all relevant issues have been fully discussed and discussed in the paper.
Necessary and sufficient conditions for a linear combination of two n-generalized skew projection for n=2,3 to be a n-
generalized skew projection for n= 2,3 are developed. Our results generalize results obtained for bounded linear operators
on Hibert spaces. Also, all relevant issues have been fully discussed and discussed in the article.

Keywords
n-Generalized, skew projection, Mathematics

1. Introduction and preliminaries

Define the norm ”” on B b
A Throughout this paper, B will denote a complex y

X _ .
unital Banach algebra with unit 1. If X € B then we ” ” =sup{p(y X ):
denote the spectrum and the spectral radius of X by yeB.p(y) =1}
o(x) and (o) respectively. H(B) denotes the set of Then (B’””) is a complex commutative Banach
hermitian elements of B An element is saidto be algebra W'g unit 1?_('1’1’1’_)' 0

lexp(iah)| 0 since HB) NIHB) ={0}, 1ence each element of
hermitian if =1forall ® €L See[1, page M(B) ) ] o

h e H(B) ah’ has a unique representation of the form h+ik with

46]. For given © €L ang N € symbols &

cH(p) ine alineatr involuti
will mean the conjugate of & and the adjoint of h.It is h.k - Therefore we may define a linear involution

well- known that a bounded linear operator T on a *onH (B) by(h+ik)*=h-ik.
Hilbert space is hermitian if and only if T=T*.1f N €U We say that ¢ € M) is normat if aa*= a*a. It is
and n>1, a n-generalized skew projection is an element e M(B)
aecM(B) easy to see that a element a=h+ik for some h,k
such that an=-a*, where c H(B) . ] .
(1.1) is normal if and only if hk=kh. We collect the
M@B)={h+ik: h,keH(B)} basic propositions of H(B) (for proofs see [2,pages
For properties and characterizations of generalized 47 ,53,and54].
skew projection operators see [2,3].The purpose of the Proposition 1.1.
present paper is to consider the similar problem. H (B) is closed real subspace of B and 1 ( B )
oo CHE)=0Or
For n-generalized skew prOJectlons[.3 it[o ) I hk e H(B)  then i(hk-kh) eH(B),c(h) =R
with pointwise multiplication and let p: ! be r(h) = ||h||
defined by nd
P(o,B,y) = Proposition 1.2.Suppose that

sup _ . .
{17Cloc+B+M/‘ el |7‘| _p (@B ep a=h+ik e M(B)(h,k e H(B)is

normal. Then;

o(x) =) 1w €A} ¢ an X €B(@);
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. 3 3
1(h) 7(K) €R o gy X € Aa b=h"—k"—heH(A). gince by (1).r(b)=0we
X(a*) =y(a)forally e A,, - conclude that b=0, hence a3=-a*. 1
« - ) Theorem 15. Let ab € M(B)(@+b=0) be 3-
o@)={r:reo(@)}; generalized skew. Then a+b is a 3- generalized skew
if X,y €B(a), theno(X +y) < o(X) + o(y), o(Xy) crs¢iepey)f and only if ab= ba =0.
e M(B)isa3— Proof. We have (a+b)3=a3+3a2b+3ab2+b3=-
Theoreml1.3. Let that a=h+ik a*+3a2b+3ab2-b*.If ab=ba=0 then
generalized skew projection Then; a2b=a(ab)=0,ab2=(ab)b=0then (a+b)3=-a*-b*=-
(1) ais normal. (a*+b*)=-(a+b)*hence a+b is a 3-generalized skew
) c@c{Lel: A= ~1} {0} projection. Assume that (a+h)3=-(a+b)*Then
) a3+3a2b+3a2b+3ab2+b3=-a*-b*hence
(3) Moreover if hk € H(B), then a2b+ab2=0,ab(a+b)=0therefore ab =0 then ab=ba=0.
(@) =-aand a’=a. Theorem 1.6. Leta,b € M(B )be 3-generalized skew
Proof. . . . projection and a= h+ik(h,k,hk € H(B )). Then b-ais a 3-
Since a3=-a* hence aa*= a(-a3)=(-a3)a=a*a. generalized skew projection if and only if a2b=ab2.
n-GENERALIZED SKEW PROJECTIONS Proof. Fist assume that ab=ba, a2b=ab2then (b-
Lot A eo(a), theni =y(a)forsomey €A, , 2)3=b3-3a2b+3ab2-a3=
hence by proposition 1.3; _ b33-a3:-b*|4_ra*d: -k(b-a)*? t(_b-a)l’o:l:-(b-a)*.He?rc]:et k()[')a
= ey 3 3 a3 _, isa3-generalized skew projection. Now assume that (b-
L=y@)=x(-a")=—x(@)’ =1 L # then[h[=1 o et follows  that  b3-3a2b+3ab2-a3-
an A =ad = K(—X =k =-1. 3a2b+3ab2-a3=-b*+a*then 3a2b:3ab2henceEZb:ab2.
From a3=-a*then we have; h3+h-3hk2=i(k3+k- Theorem 1.7. Let that a= htik € M(™) is a 2-

generalized skew projection. Then

3h2k)h3+h-3hk2=0 = h=3hk2-h3,k3+k-3h2k=0 = N
(i) ais normal.

k=-k3+3h2k. Proposition 1.3 (4) and proposition 1.1.(2) 3
show that O (h3-3hk2+h), O (k3+k-3h2K)S R.Hence iy 0@ c{hell 1A"=-1u{0}.

o(k® +k —3h’k) = RNiR ={0}.Thus r(k® + k - 3n°K) i SineaPs fieA). K+ k —3h’k & H(A).
Now use proposition 1.1 (2) to get k=3h2k-k3.Hence —

h3+3hk2=h therefore (a*)3=(h-ik)3=h3-3h2ik+3h(ik)2- (@*)2-a and ad=-a.
i3k3=  h3-3hk2k-3hk2+ik3=h3-3hk2+i(-3h2k+k3)=-h- Proof. (1) since a2=-a* hence aa*=a(-a2)=(-a2)=(-
ik=-a and a9=(a3)3=(-a*)3=-(-a)=a. -
ik=-a and a9=(a3)3=(-a*)3=-(-a)=a 5 a2)aza*a. (2) Let A eao(a), theni =y(a) for some
Theorem 1.4 Suppose a=h+ik € M(" ), and Suppose Y *\ _
that XL €A hence b proposition 1.3 A= X(a ) a
2y _ 2_ 42 A
w(-a?)=—9a)? =A2Mfn = . [A _
o(a) c{r el 114 =-BU{0} 14220 T = 1 then ©  =tand
Then we have ~ =AA=-Ar-1. _
(i) If ais normal, then r (a3+a*)=0. (3) From a2=-a*then we have;h2+h-k2=i(k-
§ (B) ) ) 2hk).Proposition 1.3 (4) and proposituin 1.1 (2) show that
(ii) If hk, h2,k2 € H /' Then a is 3-generalized (hz +h—k2) (k—2hk) c R
skew projection. G 0 < hence
Proof.Let b= a3+a*(1)Since a is normal, hk=kh,thus G(k — 2hk) cRNIR :{0},Thu5r(k — 2hk) =0.
b € BaTake *EO0: qren A = hkeH(A)k-2hkeH(A).  \ow  use
v(b) =x(@*) +x(") for some X € A,. proposition 1.1(2) to get k= 2hk, hence h2-k2=-
@) =0 h.Therefore (a*)2=(h-ik)2=h2-2ihk-k2=-h-2ihk= -h-ik=-
casel: X&) =Y 1hen we have A =0. a and a4=(a2)2=(-a*)2=-a.
Case 2: e M(B)
Theorem 1.8. Suppose a=h+ik and suppose
x(@) = 0.Sinex(a) € (@), x(a)* = —Lpy
it follows that
M(@) =x(@)" +yx(@)x(a) =-1+1=0 and so M o(@) c{r el :A° =—13u{0}
— We have
=0.Hence ©(2) =10} (2) Since h, k,h2,hk and k2 are (i) Ifais normal, then r(a2+a*)=0.
all hermitian, it follow from [1,theorem 2.14] that hk=kh. . B ] )
Thus a is normal . From b= a3+a*=h3+3k2hi+3kh2i+k3- (if) If hk, h2,k2 € H("") then a is a 2-generalized

(h-ik) we get i (3k2h+3kh2-k)=b-(h3-k3-h).By skew projection.
proposition 11 and proposition 13

5(3k?h +3hk? —K) R NiR ={0}.Sin ce3k?h + 3hk? —k € H(A), 3k?h +3hk? —k = 0,
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Proof. Let b=a2+a* (1)Since a is normal, hk=kh, thus
b € B(a).Take A € o(b). Then A =
x(b) =x(a)" + (") for some X840 Casel:
2@) =0 then we have A=0. case 2: %(3) #0.
Sine 1(@) € o(a), x(a)’ =-1 it follows
(@) =y (@)’ +x@x@) =-1+1=0

(2) Since hk,h2, hk and k2are all hermitian, it
followfrom [1,theorem 2.14] that hk=kh. Thus a is
normal. From b= a2+a*=h2+2ihk-k2+ (h-ik)

We get i (2hk-k) =b-(h2+h-k2). By proposition 1.1
and proposition 1.3 o(2hk—k) c RNIR =0.
ok € H(A), 2hk—k =0,b=h? +h—k* e
Since by (1), r(b)=0, we conclude that b=0,hence —a2=a*.

Corollary 1.9 For a = h+ik MB) witn h,k,hk,h2,k2

that

and so

Since

cH(B) the following assertions are equivalent;
(1) aisanormal partial isometry and a4=-a.
(2) ais normal and a4= -a.

@) o(@) cr el :A° =-13U{0}.
(4) a2=-a*.

Proof. o(l):> () : Clear.

e (2) = (3):Use the spectral mapping theorem
[7,theorem 10.28]

e (3) = (4): theorem 2.2. (2).
e (4)= (1): By theorem 2.1 (1), a is normal,
and part (3) of theorem 2.1 give aa*aa(-a2)a=-ad4=a.

Theorem 1.10. Let a,b € M(B)’(a+b¢0) be 2-

generalized skew projection then a+b is a 2- generalizded
skew projection if and only if ab=ba0.

Proof. We have (a+b)2=a2+ ab+ ba+b2=-a*+ab+ba-
b*.If ab= ba=0

then (at+b)2=-a*-b*=-(a*+b*)=-(a+b)*. Therefore
atb is a 2-generalized skew projection. Conversely,
Assume that (a+b)2=-(a+b)*.

Then a2+ab+ba+b2=-a*-b*=a2+b2.Then
ab+ba=0.Applying a on the left and on the right gives
a2b+aba=0=aba+ba2. Then -a*b+aba= 0= aba-ba*
hence —a*b=-ba*. Since a is normal, a* is normal.
Proposition 2.1 in [8] implies now that ab=ba,thus ab=
ba=0.

Theorem 1.11.
generalized skew

Let ab € M(w)
projection

and be 2-

a=  h+ik(hk

H(A).

Serial no. 3

By Putnam Fugledes theorem [4] ab= ba and a2= ab
then a2=ab=ba.

Suppose b€ M(W) is 2-generalized projection. Then
b*b=b2b=bb2=

bb*. So b is normal. Also
(b*b)2=(b*)2b2=b4b2=bb*=b*b.Hence b is a partial
isometry and b*b is an orthogonal projection onto
R(b)=R(b*), where R(b) denotes the rang of an operator
b.

Theorem 1.13 Let a,b € M(w) be two generalized
projection.Then b-a is a generalixed projection if and
only if aa*=a*h.aa*=ba*.

Proof. Suppose b-a is a generalized projection.. Then
(b-a)2= (b-a)*.

Hence b2- ab-bata2=b*-a*.So 2a*=ab+ba. Hence
2a2=ab+ba.Thus 2a3= aba+ba2=a2b+aba.So
ba2=a2bh.Since a is generalized projection, ba*=a*b.By
Fugledes theorem, [7], ab= ba. Hence a2=ab=ba. Hence
by theorem 2.1 a*a=a*bh,aa*=ba*.Suppose
a*a=a*b,aa*=ba*.Then by theorem 2.1 a*=a2=ab=ba.
Hence 2a*=ab+ba.Then by premultiply and postmultiply
the last equation by a*we get aba*+ baa*=a*ab+a*ba.

While by premultiply and postmultiply the last
equation by a* we get ab=

a*ba*+abaa*-aa*ba,ba=a*abat+a*ba*-aba*a
respectively. Since aa*=a*

a,ab+ba=2a*ba*=2a*.Hence b-a is a generalized
projection.
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e H(W),hk € Hthen(b—a)*=—(b—a)* <> ab=ba=-a*.

Proof. Fist assume that ab=ba=-a*then (b-a)2=b2-ba-
ab+a2=b2+a*+a*+

a2=b2+2a*-a*=h2+a*=-b*+a*=-(b*-a*)then (b-
a)2=-(b*-a*). It follows that b2-ba+a2=-b*+a*hence
2a2=2ba hence a2= ba then-a*=ba= ab.

Theorem 1.12 Leta.b € M(W), where a is normal.
Then a*a=a*b,aa*=ba* if and only if a2=ab=ba.

Proof. Suppose a*a=a*b,aa*= ba* and a is normal.
Hence a*a=a*b=ba*.
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