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ABSTRACT

This thesis presents an indirect vector control of an asymmetric two-phase induction
generator with appropriate voltage compensation connected to a single-phase grid with
independent control of real and reactive power using grid current vector control. The purpose
of the thesis is to observe the effect of voltage compensation with various levels on the
system efficiency due to the asymmetry of the two-phase induction generator windings. The
proposed system consists of a machine-side converter (MSC) and a grid-side converter (GSC)
with bidirectional power flow between the generator and the single-phase grid. The DC link
voltage is controlled to maintain at the reference value by vector control of GSC, resulting in
rectifier and inverter operation modes with near unity power factor. In addition, the system is
able to control the grid reactive power to obtain leading and lagging grid currents. The MSC is
a three-branch voltage source type that controls the operation of a two-phase unsymmetrical
squirrel-cage induction generator driven by carrier-based space vector PWM signals to provide
unbalanced output voltages at various values for evaluating the system efficiency. The
simulation and experimental results indicate that the control of asymmetric two-phase
induction generator with appropriate voltage compensation has a significant effect on the
single-phase grid power transmission system, in terms of both reduced electromagnetic torque

ripple of the generator and the ability of power transfer to single-phase grid.
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Toundindlasunndswienadsuwlas adunuiniddunisiansanlunistihluldauass

1.4 ngufviseuuinnufanldlun1side

nsuanfddlnihuazdsdneadlwihveaniesiudalifiuvioniaesavialiauung UB-
TPIG gnenuaNsemaiiannwmosreulnariu aeunesinesmundasiuialiliin MSC wagnisads
ussfulifuraaiavdnuazvaainiasuliegraumnganiuadufinaudilianung 29asmds MSC
Judunesimesviaunasieussuauisadsdyaraduismeieadannnesadaldaduniuuy
Tiusaiunalaiauna (Unbalanced carrier based Space Vector Modulation, UB-SVPWM) Failnns
YALELAADUIE & ANSASIAINTDIUNAINLASUABYAMIANEN NANITNAABUNTNUYDILAT DY
Al enhassnavinliaunngs (UB-TPIG) A1 133la57a 1500 rpm wuiinseud
mmwé’ﬂuavwmﬂLa'§uﬁf-ﬁﬂﬂé’Lﬁmﬁ’uﬁamavlﬁﬁSuwmmaﬂa%ﬂLﬂuwamﬂmL%&L?{auma )
wnnity WerimunindBunamisnanififavonaiesaidalwity -5 N-om WUTINIELAYAAIAYEN
LLauﬁummmLaimmwmﬂuu'msuul,uamauﬂuamau"l,uuauwmmﬂﬂa nanfe NsTuAumEINANL LT
nIzLATIRAIRLASLAREY It NTYAENIA uladasdingsy SUL G sl eTis e ol
nszuanduillndlfssiumsBunmmanaiiuasundas sunisasmadlaitidgnia aouesinessu
Fouseniausuuriguindifimsauauuuunamesiutihfinsrusesuliinsadenles msauau
nsdsidalnihuaznisasupuivsgneumaliilididniala dariuan Phase lock loop, PLL fias
frnueaeLnAsutestWaeyTian wnsyuuaERe snwbisusadlasludiussuunialdedig
seLiles msmeuaussuuulmnindvosnismuniaisstuda e nhaeanaviinliaunas
\Fousion3a WewdsunlashdBunamisnanuinszuinaulsiduiivnels

1.5 msSauigununanni1snilessnal

U

L'%umﬂmu'iai’aﬁﬁaqLﬁuLﬁumsﬁwLauai'ﬁmﬁmu@mmiﬁwmwaam%aqﬁ%ﬁmmﬁmﬁﬂlw%
dounavlianiines avuinsmeailsinmesiadinuegiadusdaldad unvinliuseiualy
auna Wousdenulassgluiwmilana lagsyuulsznaumigaes d1unan na1ime Auntiuageu
3ININa b dmsvdumuntldadntlrunnouiesieaineuindnidn1snIuAuksIullngs
= v P val o o w 9] A ~ Aa o a =
Wanleslvimsnvilisinsdsanemasliinldansiienis nsavaunseuaniusuveuwndamos g
LALADULIDSLADIAIUTAY 1BUIBSUTLALNAITELTIAUAIUNIAS1LTInUABLNE PagmATaaUDLIN
wesvialdaauninuuliussiuallauna amuauanusienismunuaduuazisensidiu
LIIPUADAIUDAIN NITNAFDUILTANIILAIAILALZNITNAFDUANIILANTNBUAUDILAUNTNFY219970

c{' o I 1 d' o a o d'
Wagunsihawduteweslugniasiuialniii lneivuavueainud wazdeulnaaninanaaey
WINTIU

seUUNULaUeeaNLUUaNAaaUNSNAnMa A wazdsanenadlnidnvesasaenialudn
willgathasaasialiauuing (TPIG) seuuUsenaunignauIesinesiiouronia (GSC) gnAIUAY
mewmeliannnaiaaulnaedsidalnindidnsa uazrounedinesmuauaIaiwialuil (MSC)



gneuausemadiannimesnsulvaiisusnmsmuauusidanazduusimanvouaieafidaluih
wienhasshasana nsadduidmuanadiasssioueimedinisiharumagnaiugueie
Sunofines ABB ACS580 gnltBunanienadimiussuuiinausfaguil 1
nsnaaevuszuultueimesindeniammasireiidmiana (Pm WWiuiag sadudalvin
wilgathaouwa (U-TPIG) vimiiuusfundsnunaidundslsliih (Pe) aounesinediuinies
Audalaiin (MSQ) viurifimauauansduiadeu TPIG tiedsiumaslninlugsansaiulingg
Woulsa (Peo) Mrodunedinesunasinsussiuamisadisussiuasana lngldimadanisaiis
dyanaduainduuvasnmessialdadunwinliussfumaliauna (UB-SVPWM) nsiimua
amnssweaatesfudalniiuieniaouna (U-TPIG) muausevdnnisininesaoulva aeules
wmasidousio n3n (GSC) wuuylaudndvhvihiideimidsliihaosiianis nsdl iesdnslwihasuna
vaululudaueines, AsunesmasinulnuasssnseladmauAasiwinannia (Pgrid) undada
ussiuliinsadenles (Pe) uagnsalaiesdnslnihassmaviaululuuainiosiudalii, reuos
woshaululnundunedinesdshuidslihandalnnsadeslondgnia (Pgria) nsnuauasy
nefned (GSO) THAsMImuaunssialuunmefiilesnmssiunssiulwasataalesasil 600 V

1.6 VBULUAVBINISIAY

NTRQUITTAIA IALMINBUAZRUIAALUNITYINETY @11130MIMUAYO ULIAVBINITITEUY
waaiadeluid

1. faulasuewmos i s alauuy Capacitor-start capacitor-run motor YUIANAA
750W, 220V/5.2A, 50Hz, 4 pole Wuaiosindamierilihas wldedianisfinesllauunns

2. a$edumdannenadaeduniesines ABBACS580 viutihiimuauusidafitnanveuoines
wilgrthaumaliimuad ouduidmunadiiedoumdsnunalviiuiniesiudalufmdeni
Infhaosnardnnisfineosliauuns

3. ponuuLYARsueine fnunddaslidunesinesvlauwdiinoussduaauicuazas 1sains
Ty ruduaingnielulaspoulnsaass C2000 sauAulUsLATI MATLAB/Simulink Aaetnaiiang

i [y

as1ausiugaudanInnannsue UBSVPWM Susiasines muaueaniisanensniunuinaes
NoBY

4. saniuunduasmesuvtngldrauafinasiuuNauIad AuANNITASIedyIMTY
aindsglulasaaulnsaiass C2000 SauAulusinsa MATLAB/Simulink wagldinadanisaiuay
AsEuALUUDNWEsIuNIS T eusan3a

5. yadeuUMsYIUTILAuTIsE LB RS eaedsasudaliiimde il
analavdnmsinesldaninnsifide ManneaanzmsnevauswuUlnufinduns fufd
yanaasuntas IudsnsiansanUsEansnmaeuesnesiunas UssAnsnmaeuniesines

ANUNUN USLENTNINTINVDITEUY



1.7 JUABUVDINITANY

InerdnusidudisududensfnudeyaiinununnauiteiiiededuusazaimiFuen
msﬁﬂmmu%’amim‘uaummL%’maLmaifmﬁmaaumﬁﬁwwmﬁLmaﬂajammmﬁgﬂﬁﬂLLanmmﬂ
wawesmdsrmiang e diduiewesiazeIssiudalniihuaznsideusondan Danauuy
nnmesiiteAnwnisievesssuuluaniozeng 4 é";sJLmﬁf’ﬁqL‘T;Juﬁmmm%gumaumiﬁﬂmLLafsé’f&J
faznaniireandoansly

unil 1 nanieenufuinvesiym aguszasduazauignulunside wanudnildluns
350 maonauSeuiisundnnisuuuiiniundnnisivauswazvouslunsise

undl 2 nénmsadeadsdyyuadannmesiidulaguuuuussiumaldaunalagld
AAun sy U SulinwrarT ek Es s s udD

unil 3 nanfwmdnnsmulnnmesnsenvouasesfudaluinudvahasraviala
ammmmﬁmﬂﬁ&Jugﬂwé’ﬂmuﬂaLﬁuwé’wﬂw%ﬂLLa3dqu’1uﬁwé’ﬂw=ﬂwiﬂ51“417611‘1/\1@3@L%MI&N

unil 4 ﬂa'nﬁwé’ﬂmsmuqmauna%ma%ﬁmﬁaﬂ%wﬁaLWaé’aaiﬁmsmmmeLaLLUU
nNwed LHenldesungainsIndnAEn s eeRaunasnes nsdiurdslninassfidnig
LAENNTEONHUUARAIUAN AL TIRBINITVINIUVBINBUNIDSNDS

N7 5 NanBessUUR AU RAENANAABUN SIS T UL T nadBUNISYIeIL
Sufunssyutiiefiansannsiusetadssiidaliimdeilwiaeavasdonisfmesl
dunsiai sannzasfiansnsaevaue Uyl dndvusdumdmisnaildoundas sauds
NSRTUNUTEANTANABULIDSLABIA1UTAS USLENT AIMABULIa5IRasA UKL USEaNnsnnsau
YDITTUU

unl 6 A3UNan193d8uaLYolauaLY lﬁaﬁmaaqﬂiwaamﬁamaamu%’aﬁwm 59309
Forauanuzaiteniuiaula



unii 2
nsasdyyIMaUaRNnaSAUUAgDNLUULSIAULWE
Lisunalagldnaunin

2.1 unih

Lﬂ%ﬁﬂiﬂﬁlﬂﬂﬂmﬁmﬁwaauﬂagﬂéﬁ’ﬂLL‘UmmﬂmaLmai“uﬁmmuﬁwﬁaﬁuﬂss@ (Capacitor-
run motor) ‘vi?aLﬂuLLUUL'%'wguuawzguéf’;&Jﬁ’uﬁwisq (Capacitor-start capacitor-run motor)
[91-[10] Fawanslusuit 2.1 msldvamniaiunasnayilliiAneuunnsnsvesmduiiuaudszning
WAInLELLATInIATElaNIns Maauiugeesaiesinihaouaisdoatunisiie
nszualihaduanaialiivrpainunazunain lagliyuma 90 a3ma serinanssualvinveunain
S uuaznandanunsarinldaesds: 1) nsdeusduliilitunaialudnvasauna 35avilH
vanszualiihuasusanisaowheiy dmwaliaudvdnmuinsyaonaiugaes uamges
A5IAALTIdnN T ouLazuIITME NFUAIL9-[11], 2) nFaneusssulniliivunainsassly
Snwairitliauga Somnefimstiousdulmiihnudnsdiuseutemeainaiuuasunainndn 154
Funiseenuuuamdielinasualniinlvaluraainyisdesiisssulndife st fioan n1snsziiiouvos
usedauazuiuusausslniGudu annsduazifieulasdessuniuveseimesmafiuUssansnn [16]-
[19] ety swazidealuundaznaninaniziinsmuaunistisussulnilldamaaipvisansly
Snvnuglisunamudndiuvesiiuiusauanalniiduiiesinoiunasitgusaiulni 3 Adeeld
5@@?&4&1]&’3?1L@@S‘ﬁﬁuL‘ﬁyaqLﬁmLL‘U‘ULLﬁﬂﬁULWﬂﬁuﬂaIﬂEJIGZQJjﬂguv\I’]ﬁaLIJSUL’JﬂL@@%%ﬁﬂl{j’ﬂguv\l’]ﬁ
(Unbalanced carrier based Space Vector Modulation, UB-SVPWM)

Start. Capa citor Two-Phase
Single Phase. " [—{F—""o— ~_Engduction Machaine

Induction Machine R““"C“P“ citor il

i}

o—

Lig iy
Auxiliary ' Main
g Winding W']idingg
Rotor

* - Lo

li.

Auxiliary
Winding

JUN 2.1 nsdaudaesesdnsnaliiimiesimilavaduedednsnalvihmieshaoua

Two-Phase
Induction Machine

li(l

Auxiliary
Winding

JUN 2.2 nsdeunasdgluihliiuasesdnsnaluiimilenhassvamuvdnnistuanuai
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msfuindeuaiasdnsnalwiiimieihasuranundnnslugauaisesairsuvassoussiy
aoalaiflysilavineiu 90 sarnlwillfiuvnanammesndnuazunainiesuiignianslivinaiu 90
03 dauanslugudl 2.2 aunuusimdnnyuiinainnislnavesnszualiinluresamined i
ﬂizLLaaé’UﬁaqLWaS?fqa%ﬂauﬂuLmmﬁﬂmuiaummmimﬁEJuLLUaasuaaﬂisLLalvaﬁLLGiazLWaﬁmm
iaafurinlinmesaunuwinansammusouununataeanui@dasia fuandusuil 2.3
Gk g‘dﬁ" 2.4

—
o

3456784 M

UM 2.3 dyaanseuaaenravasnisadnsnalnimienihaesla

JUN 2.4 wnwesawuulwaniyuveasesinsnaliiuniehaesanundnnislugauad

Two-Phase
Induction Machine

Q

i

L Auxiliary
Winding

oS
9" 2

UM 2.5 Miasunasglnihliiuesednsnalniwilesiasaa

Tunsufufnstuindsuniesdnsnalniuuideiuraeaunadndudesdddunesines 3 Ay
wanslugun 2.6 Agndunledygruiaginuegiatdu (Pulse Width Modulation: PWM) titea3ng
WHaIT8Ls IR AR anlyusawnaiy 90 asminuvaainanosuanLazunaInEsy Aauansly
JUT 2.7 A1sUBQLARAIIUNIIHEAd (PWM) gnesnuuuliioansensuadnuazisadue1dnnves
FuTNoSLUULNE IS UL o UsAuTiAv1anszLad lnarduewmas i oas1eauiuwsiuan

1% @ a Y [ = d’
VYUTOURNUNANMIEANNSITLATEE Aandlugui 2.7 waggun 2.8
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A
G
= Ve 09
Ve EE_
A S:J

JUN 2.6 BuBIMETUNAIINEULTIIY 3 A

S¥; (100) 5¥, (110)

sUil 2.7 nstuedounzesdnsnaliiviigniaeaanudunesines 3 A

$V1(100) SV (110) S¥3(010)
W &5/ 550 4
A :\? :l’ B 2 »: ‘. - "'.
J :. p A
» M Me—y
SV5 (101) S¥;5(001) SV, (011)

JUN 2.8 nnwesaunuuimanrureunsesdnsnaliilmilehaesanlddunesines 3 As
mudyiadinuegiaty
2.2 nmsadsdyguaannnasiiulagdulaeldaduniy

wannsaennnesiadinuegiatu (Space-Vector Pulse Width Modulation: SVPWM) 1¥u
FBnsasedyaradugunsalainddiannsedndid1wesesdunesinesfidesn1smunuLs L Lz
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anudvesdnyaatednnielirunudunesinesunaiouseiu 3 A msadaunasdnglifihaes
wladiSausinasa 90 ssmmslaifiuazanunsausuruiaussiukazANuAfinmINgaN U
munueesinsnaliliunienhasaamundnnislugauaiduandusuil 2.2 muddedidentd
Sunefimesunasdnousiiu 3 As Awandlusuil 29 ieadaussdunnasenvaalandn (Vg dan
Wi uwsesu (Vap) 5em31990 a wag D uazissdunnasonunainiasy (Vo) dawvinduwsesiu (Vep)
5tv71990 C waz b lagldAs b vesdunefinedidugadesin dygnadvaindvesduesines
uasTBusIRY 3 Asgndusendnnisvesmsueganuuuaisnnnesylaldaaumsiilinsaduma
auna (Balanced carrier based Space Vector Modulation, BS-VPWM) nsasedyuduaIngly
ﬂyug’]wﬁ&nﬁ’umiuagLammmn%qﬂ’aé@m?{u%ﬁ SPWM Fadunsiueusieusesninedaanis

wagLanLadyIunduN Y dyaaserdnaidudyaaiadnlddniunstuaiadndanudiniu

o 6 [ ¢

ANDVOIF Y UNMLEZEAINN I B Y N ad N U SURIRaAT ST B UL U vesd gy au Ll

T o

'
=Y

wazdeyQIaAaunIn [20]

Vd - Vcb [7 V‘I = V('h
balance =" iy bulance

> 1,

€aN
s
=b.
N
\O
4
o
=3
(]
allo,
€
2
&

TUBTBILUUL IR HALAD

[ [

nmsaidyaaalannmeitauidagduielddygntuduiesinosunaidieusiuaiuns

v v v
U s

aosaduniudvuame vt livhasunavilagnsnmunmaigesvesdyyiae1sduna a (Va)

Fyayrauenadand b vinpineiu 90 wazdayaimsnsdans C (v, ) iy 180" 99Am gLl

14 [ 1

93UT 2.9 dyaauduaintinnasiawsanuanasenaealInvan V, =V, -V, uagdyaiaduaindi
A3 TIFUANATONVABIAEATU v, =V —V, FIUU S0 N8N AT 1ILIINUANATOUVAAIANAN
(Vg) Hwinwifiuiudayay1men989na3umsInunnAsanTaalnEsuwazyyuamInty 90 wieily

ewsnuasaalinuuames

1NFUN 2.9 wanwNaL Yo VeI Y1009 198 9N A ULAL A NS UANNITUT I UV UNAD 19D
(Reference phase voltage) Muualanuann1si (2.1) i (2.3)

Vo =V, sin(wt) =mV, sin(awt) (2.1)

Vio =Vosin(a)t—ijmvdcsin(a)t—zj (2.2)
2 2

Vo, =V, sin(at — ) = mV, sin(wt — ) (2.3)

AAUA LA
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V, Ao LLiﬂﬁuLmﬁwmqmﬂ (Output voltage peak magnitude)
V,, A9 wssiulnngs (WhiueSwmiliwesussiulnnsagenles) Inedndiaudugn o

m f8 duiinsuenian (Modulation Index) deneglugi 0-1

[

wseuszmanslat a-b Awaldainuasiswewsiu v, uay v, il
. - T
Vap = Voo — Voo = MV Sin(wt) —mV,, sm[wt _E)

= m[vdcsin(wt)—vdcsin(a)t—%ﬂ (2.4)

[

il sin(A)_sin(B)_2(;05('6“2r B]sin(A; Bj At Vg luaunisn (2.4) dnguaunislvslanadl

a)t+a)t—z a)t—a)t+%

V,, =MV, [-2C08{ —+~——=_1sin
2 2

=2mV,| cos a)t—zjsin(z
4 4

=2mV,, —1—cos[a)t > %j

V2

Amplitude

=2mv,, cos[a)t X %) (2.5)

wssuszmanlad c-b Auwinldannasiiwesisiu v, way v, Al

Vgp =Vgo = Ve =MV, Sin(at — 7)—mV,, sin(a)t—%j

- m{vdC sin (@t —7) =V, sin (a)t - %ﬂ

wt-7rot-Z a)t—ir—a)t+%

=mV, | 2c0s sin
2 2

=2mV,,| cos a)t—s—”jsin(—zj
4 4

= —2mv,, cos(a)t - 377;]

=—/2mv,, cos(a)t+%—7rj (2.6)

[

ifo cos(A-B)=cos(A)cos(B)-sin(A)sin(B) gty v, luaumsd (2.7) dnsuaunslalldsd
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:_ﬁmvdc[cos[a)t+%ﬂcos(ﬂ)+sin[a)t+%jsin(7z)
:—\/_mvdccos(a)t+ j( 1)

Amplitude

=myJ2Vv,, cos(wt + %j (2.7)

o

azyzymamanmma%ﬂﬁmﬁaaLSNLL‘UUamaﬁlﬂmmvﬁ’umsﬁwmﬂiwaﬂm“[fé?ﬁuﬁunaima%
WiaseLsIduasfsaeunadmiuesosdnsnalwilimdenilwinasurauuultausnns L‘L!ENWJEJ
AnuLAnFsTesAnduiuaudvesazeaaindaduiinvesymnisnssitenvewusedn insvasdy
miaiwamﬁymwmuwaqLamamanmmasmdsﬁ Dudygratudunedinesunasdisusaiuanui
aowrladmiuiniesinsnalwihwdenilwihaouawuUltaumsdierdadagmndn fewnil
ﬁqL’%ﬂﬂé’zyzymﬁﬁuLﬁaqLﬁmﬁdﬂﬁé’uﬁaqLﬁuaLUaLaﬂLmaﬂﬂau@a g‘dﬁ 2.10 wansvlaiwosdyyio
9198 U UK IR LiaNRa

17,1 [7«:1 = Vq Vfl

unbalance bf’!‘l’?.‘."’ F. Vb unbalaince J?'allam'e

\ f/-'a
JUN 2.10 naesdyn 1Byt sn e liauma

%umaumia%’wﬁzyﬁymﬁﬁuLﬁyagLﬁuaLUanﬂLmaﬂﬁau@aﬁwmmmﬂﬁﬁmﬁaqLﬁmaLUaLaﬂ
wetauna iamesvaLTIRuS 9B dyanaua b gnildgusiumisneyudeumaiie Usurue
Fuun0u819B 71 AT U SIR AN AT DU RINVA AL UARIMLAS LA SR HIUTE NI VAAIANE NaL
YAAIALEIH [18] fﬁ’umﬂﬂugﬂﬁ 2.10 nadilddouundanadned i munzandmuadiwssiunn
AfouvAAIAvdnLarYnaIAETY Fynnudedsiinnuiyepundasilavesduesinesundsdne
ussfugeadmiuniosnsnaluihwdenhlaihasanauuulianings fs a s b uag A c fie

Vao 1 =MVge sin(et) (2.8)
. T

VbO,l = MVdc Sln(&)l‘-;-l-&j (2.9)

= MV, sin(wt - ) (2.10)

o=2tan"" (a)—g (2.11)

A - A ° ) ) '
de ¢ e yudeuwladmsunsiuasavlawuuliauga
a _fAp INTIAIUTEMNINIVARIANDNLALUAAIALES L
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4-
s pf

¢

L

5UN 2.11 msaiedyudedeaduaug

max(v,,Vy,Ve)

Balanced reference signals

0.5~
o~ 0 h 4
= g
S 05
= 1 | £
W 1 g
T S [ - -2 [ S i, P V) \
i o max(V, ,Vs+3,Vc) Unbala.nced reference signals
2 o5 ¢
=

s
o

Angle (rad)

(Y 6

3UN 2.12 dyaauenedadwiueud

Y

I L imin g, v5,70),
2 3

)}

<

M IBasdygnitullaguaannnesiieannsswasnsuetialagninaueliluvany
memmaaﬁmimmé{’ YO8 UANY JUN 2,11 Uamansas Ry uendaugud g

Y
¥ o v a

sl (2.12-2.15) nsai1edygaNBmawuvaNnateyWauns dwanddugun 2.12

; max( VoV, )+m|n( v;,vZ)
Vzero =
2 (2.12)
Vao1 = mVy Sin (a’t)_vzero (2.13)
. T *
Vo1 = mVyc sin (Q)t _E "‘5) ~— Vzero (2.149)
Veo, = MV sin (COt _”) ~ Vzero (2.15)
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Balanced zero signals |

Amplitude

:‘r 2|:r 3In 4
Angle (rad)

(%
(Y

5UN 2.13 dyauddamiauuvannanasliaung

auMIdYY 1B nudYag ULV IANINATLAY Vg WASIU Vg Ta98URsnaTWra Y
e G RENG PN GRER

| Amplitude

Vg1 = Vab = Vag1 ~ Vpo1 =2MVg Sin G ~ g) cos[cot e % y gj (2.16)
\ Amp!itude

Va1 = Veb1 = Veo1 — Vho1 = 2 MV cos(% = gjcos (a)t + % o gj (2.17)

duaauaannmesiiiulaguminvvaugawasliaunalainnisiSeudisuiudyayin
wWvzlandluguil 2.14 5U7 2.15 uandsyendainudyaguiuuainasuagllanuns
~ Unbalanced SVPWM

Carrier

¥ ¥ TN .
4 Iv‘r'-'(}‘l/‘\\_‘ /-\ N

, 78f 7\ / /
if \ / \L
0

)
1| LINA
LN

NLAT

. Balaced SVPWM
T ‘brrfl/r\) j v/,\C(l{'I‘u’r

% Vg 7 ;
0.5 ‘a, ref) /Il I‘G'E'Jifff
0\ // l"l' !

0.5 K\ | AN
-1 N NLA

PWM; Zmain

o

A4
main, 1

Algplitude

=

Angle (rad) Angle (rad)
JUR 2.14 dygraadannnesiinuidagiduiuuvanuasuagiaumnns
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15 ' Vq! V', Balanced reference signals

Amplitude (Ma)

T 2z 3z i
Angle (rad)

JUN 2.15 dygauenedeiinunyagiuiuvaninsuazliauinns

v a

muiteiRnsanmsvaeayliauuiaseaniseuamaiesiadalifiunioniaoana
yilnliaunnsienmmuaunnneinedenlagafunistumedyaa SVPWM fliaunaideuse
funsemilasla lngmsuawennuliaumnsnisdufitaudsmensuinigpidouma o iileasaussiud
wnzaufunaIandnLazunmmaiivesniesilalnihivenide unailiamnnsie noues
w3 a3 asdudalnia MsC Tnaldimaiansasdyainduaiaduuvauainnedsiald
adumiililssiutrialiauna UB-SVPWM nmstaiweaiwlslauuimssnonisuinyuideua o A
ANUAUNUSIU TR A NI UIUTAUVBIURA AV ALY INLE Y

yudouianuzaunNsnsIdmmaduiiaudvonniosiudaluihmienhasaravdolsl
ausnasilinaaeudnaildnisannisi 2.11 sadeuna o = 24.3° Tagdmualiidu 1.0 PU Tu
muAuABULIDSReulASasf Al UezimundspIdouma o = 19.4° Aadu 0.8 PU waz
5= 29.16° AmLdiu 1.2 PU vpupiAeuild o ilodinsizsilszansamysaiaiasiiialyii
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gﬂﬁ 2.16 WARIAYIUNTLLAVAAINNEN (CH3) Tvain WAENTEUAVADIAATY Taux (CHA) 7
AvuayNAeuINE 1.0 PU HUINUIANTEIAYARIAMEN LA NTELAYRRIALETLIYIIALIINANTUINY
Aoua 1.0 PU g‘dﬁ" 2.17 WEAMIFYYIUNTLLAVAAIANAN (CH3) IMain WASNTELAVAAINLETL |Aux
(CHA) MFUAINYUIA WA 0.8 PU NUTUUIANTHLAYAIANENNINNIINTELAYAAALATY gﬂﬁ 2.18
WAPIFYYIUNTELAVARINNAN (CH3) IMain BATNIZLAVAAINLATY Taux (CHA) ﬁﬁmumgm?{amm
1.2 PU wuiwmnnssidvaaavdntesninnssavaanasutiuduusaiunisiansanluundaly

2024/03/30 13:41:34 Stopped
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gﬂﬁ 2.17 dINISEIAINUEN (CH3) Imain LaZNITZUATAAIALETH (CHE) laux
Al munsdeua 9 0.8 PU
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MENU L) L2 =0 Gl St &n Auto 140 V 25 6.26M8/s
] T 20ms/div
1 1.25MPts

.00 A v ) 5.00 A

=p.
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U

2.18 ey unIziavaannan (CH3) Ivain LaznIzUaTAaIALESHN (CHA) iaux
nmuayLdeuma § 1.2 PU

v v Y

2.3 agunsadndygraadanannesiauiisgdulaeldadunii

unf 2 lihaueadndyaraadanneesiivudagdulagldaaunsidmiunisaunuiases
andaldnuuiderhasudavialuauning n1siund oulas esdnsnalui it erurasanalal
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unil 3
N13AIUANLINAD TN aNVBIATRN LT IRl
daqaviialiauunns

3.1 unin

szuuitiauegnesnuuuiienaaeunsudniidslwiiuardsdiemasliivoueieadiie
Iwlhmilenhasunavialiauning (TPIG) szuuUszneusmensunesinesiieudenia (GSC) gn
muausemadannnosreulnaiiiedshdslniidgninauazasunesinosaunuiadssinialyifi
(MSO) gnanuausemaiannmesaeulvalieusnnismuauusdauaziduLssumdnyaas og
fudaliiinvdonhasuiasnsa nsadduidmianadiassfetanesivisnhaiagn
muANMBEUNesINDT ABB ACS580 gnlddunnmnanad msuszuuTiausfaguil 3.1

Machine-Side Grid-Side
Converter B Converter

Grid

P
| SVPWM

Vector
Control
in
C2000

GSC

Vector |

Control
in

C2000

MSC_/I
to,

¥y

|| Torque

Inyerter
ABE |
ACS580

JUN 3.1 ssuumuauasaamlinmiendiiihaesrlaweusieduszuuniandauma

nsnaaeusyullduemesmderamnaasiadmina (Pm ) Widuias estnuiialui
wilenasaarntiulsiundanunadundsnulni. (Pe) rounesmesiuaIaaiudalii
(MSC) vmthitmuaumsduindeuteiasidalvifivieiraeaiai ederinumdslnilug sa
wssulrinsadenles (P dedunesimesinastieusaiuauiadwssiuaona Tngldinaiianis
ahadygnuduainduuvadenninesuialdrdunwialiussiumaliauna (UB-SVPWM) msimun
amnuweuaissiudaliiimisahasunamuausendnnisnnnesreulnauazaounesines
Jeusiania (GSO) wuuyavindvimiiidsiiumdsliihassiiame nsd iniesdnsluliiasa
Mmanululunaueines, rouesinesynauluuaisssnselaawumadliiiiainnia (Pgrig) sndada
uwsaulnasadenles (Po) waznsdiedesdnsiniiasanaianlulvuneiostudalni, rounes
wefhaululnundunefinesdsiumasiiantaliasadenlontrgnia (Pgria) nsmuauasy
nedines (GSO) T¥ABmImuaunszuaLUUnNmesIlodnwseRuLssiulWasaTouTaansdl 600 V



21

3.2 wsasnialdnvlertngeanavialiauuns

wsesiualwimionhaoulauuulisunasgndauvasanueme fivienimiana vina
UBmesanisn aUdmessunesynsuiuunainiasy (Auxiliary winding) lnanisaandaiuuseq
poNINIAAIAIETINAzLNUANEATIULT TR sIAAIAVANLATAAIA ETY FagUT 2.1 MIsauvas
i3osdnsnaliivienimdanadueiosdnsnalifinvieniaeaa lasialy Sufiuaudves
vamndnuazvaalniaiuvesamefndonimianadalivindurinliedesfudalwiimdeni
aoaadindnvauzvesdufiunud dunuuliauna vdeiSeniy wissiudalifiuniehasaauuy
laiguanns (Asymmetrical Parameter type Two-Phase Induction Motor) [14]-[19]

(@)
JUN 3.2 asauyaveaasesinInabiilmteshassnauuullauninse19Baunuile

(R) 2ITANYATOIVARIAUAN
(V) NTANYAVOWANIALETL

A15LATIENITVINIIUNGENIIE AR ILALFN1IENATANILBUUTIADINIAAAERT 199TAUYA
999:A3 999 nsnalWil 1t grinae W@k UL ALLIASADIDIR YW UUTIABINIIAT AATERNS VDI
sesdnInatyItntana 1nenuualiaUFURUS TUAIUANN 9 VDIVABIAVANLAZUAAIA LATL

¥ . N r v ¥ 4 -
VUTNUFIURUUTIABIRUUNUATILAZINLYIN (d-g model) Aawandlugui 3.2 Aty efia1sauuy
nseUB9Bawnuile (Stationary Reference Frame) @un1susenuaanosLavlsnes idunsawdwan
= & & a ' I3 Yo 1 & a
Wadssamwasuazlswas wazusadanaumimaniuidnandlasasalul Ao

Vas = Rqsiés + pllas (3.1)
Vgs = Rdsias +/1<S:is (3.2)

0 =Ryig —aw, ig + plgy (3.3)
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0=RyiS —(l/a)a)rﬂiqs‘r + A (3.9)
’%s = Llsiés + Ling (lq: +ithsr) (3.5)
75 = Lisids + Lng (ldss ‘H.;isr) (3.6)
Jae = Liigy + Lng (i5s + gy ) (3.7)
i'c?r = Lllritlj?f + Ling (lgs +i;isr) (3.8)
T, = (dvics —arich) (3.9)
To =T Lo (igids ~idid) (3.10)

AvualA
Vis:Vgs P9 WIUAALASSURS AR HLALUARIAVANDIBILALLY

ids s D NIZLAAPALADIUNAINLESULALUNAINAANDIID IALTI

iS S a 2 a v Y oa =
'dr ) Iqr Q)] ﬂi%LLﬁIiLm@i%@a')ﬂLaiﬁJLLa%mﬂa'ﬁﬂViaﬂ@qﬂaﬂLLﬂu‘UQ

Tiss B 7 A0 UL MENALAAO YN IALESULAZ VN ANANS1B AT

K 'lsdr flo Euusmindnlsmesunamas LS IN AN NE1IBIAUTLS

Rys+Rys - AB B LT B eI DT P et IR T B M A R R TR

R, fio AuFUNIUlSReIURaALES LLAZIARIN VA NEINBILA LT

Ligs, Ligs . @® anuwdntlvasimnesvrainaSulasunaInvanenBanuis

. fo mumienilvalswesurmniadsunazunaianansisdunuis

Lam: Lgm Ao antiwidlenhs e oy unaind nead awnnils

o, Ao msilsweslumiag rad/s

aumswainiuduaimhlldmivuewesmionhaesaiuvauna Adufiumdausnng
QﬂaaﬂLLU‘UWﬁGUmmLLazﬁwuauiauﬁqmaaaﬂwé’ﬂLLawma’mLﬁ%ﬁ,mguﬁf-hwhﬁ’u Fuie Lgs = Lgs,
Ling = Ling wag Rys = Rys Imaﬁwamﬁ%ammﬁymwwxlmzwmﬁ’u 90 a9A119 b walunsel
Yosrnduikaug launmsA I Tiwesvemaneas L # Le, Lnd # LingUae Ry # Ry demalinifin

nsnsztilouvousslindenszuaduun sl uunaInvsasunvrasusimaswtenhaouawuull
AUNINTNNBUAWAUG T3NIAITANTENENVDUTITAMILNITAIVANNTELAAANBS TV ZANAIENS
aswdyguadanneiinuilageusuusswualiaunalagldaiunn
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3.3 N1IAIVANINNEININTaNvRIATaIN I lla Wi wls i ds aastialiauung

nsmuANLeiesvienhuuumUANINAeS (Vector Control) wiai3enmundnnsienis
AIUANAUAKLILEULIIULAN (Field Oriented Control) gneBnNLuUURIUVANNITAIUANNBLADS
nszuansavlnunalInnsEfuLen (Separated Excited DC Motor) Ll oAduALULIadaLazUT U
AUNULIWANAIENITAIUANNTERARNS DB LaTAIUANNTEUAAS 1AW LILEN wunBassaIn iy
N3l mimuqmuamaﬂuﬁmﬁwa’mLWa ﬁﬂmaﬂmwmé’hLLUiamLWaﬁamqa Judenszualylih
LLiﬂﬁulﬂ/\IﬂﬂLLasLﬁuLLiﬂLL:u'mﬁﬂuuﬂsauﬁwﬁqmmmﬁguLWa 120 aerludainulasuuwnuendeaes
waunuilawazaosmaunumyusieauidladaienuguussiouazUSinuauausimanuen
FA5¥NAUNUNANNIIAIUANNBLADS NIEUARTIYTAVARIANTEA ULEN danalinisTiaTien
adinmansvosemeinieniwinlfin nsdl nsmusuamesimiiasua du Fulsaema
thufo nszualiin ussiulvliuazidunsasimaneguunsouseBaunuils mImuRLUULNINEYh
Tnensulasiuusaoamalugsiuusuuunugredenyusisauiidddadaiiionuguussdouay

USinaaunuuimidnuendaszainiulasumdnnismunuuanesnseuansaudnunainnszauwen

Mnnndnnismuaufangiaduiuisesnsaiugutewefindeniuvunane sidsuLuy
FBnsrIuALLeMeNIILARTS NaRD NSAIUANALNLLIIIMANYBIBLADS Bt ufaio At
ndnnieneinssudlunseuidununuulasisennsaavaunszaeaniiy 2 daudsd 1. s
AIUANNITRARIAUIENaULIL d gnrfvualiirauRuA uNawIsuimanwny d Tuan1znisvianu
Uni Usinaunssuagnivualidansfinuidnvesmeinas ondusamesvguiirniniifiuiidn 2
MsMUANNTELERIAUSENOULNY o gnaauaslivimihwmiloufunssiaeisiuaesvesmiaiuay
A aNamesnIraanss NsmvANUTInanTruali AT adesduey fudasiniaisses
ueimesuazusiavadvan Wity minvaUimunsgkaidunsauaumSvemosviants

AuAuAEAuNIsiURguLasrusalisanivaansnaioundadaenss [19]

nMsmuaNtamesIedsnsUsuawwlivanlsnesinesoudndusisedryuresauundinants
W3 IneAaulaaINNITUAALREI N198IUURALTY INAUNITNETR (3.1)43.8) A1uNTalle UL
AN ITELANNBIULLNUYURLanlugNM SN (3.11)(3.14)

. di s L, dA
VqS = Rqslqs +O'qu ﬁ‘FCUeO'LSdldS +a)e L_md_ijr (311)
r
. dig, oL, dig,
Vs = Ryslgs +0Lgs at _a’eGqulsq +L_ dt (3.12)
r
L, dig, i
—_— + Ay =M
Ry dt dr rds’ds (3.13)
M 4Ry .
wg =—=T (3.14)

14
gs
Lr idr
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)

U7 3.3 199sasavositesinsnaliiimtenhas wauuultianns
919D NUMYLAIEASITLATTE
(1) FATANLAVRAUARIAVEAN
(¥) HATEUYAVDIUAR AL

aeliteulunsmunuimustniduususiudn (Field Oriented Control) msmuAuLsadn
wagnImURNIELLSLINER LaeSgnuendaseretu Fuu wesayAsuunsousBInuisiiuang
Tusuil 3.2 gndnuvandufudauuunugnsd sumudiganuisidsdatanuansugui 3.3 duuse
wimdnlsnesosdUsgnounnt g (Aq) gniuelidawinfuaud mntu dunsasvdninnes

(Ar ) wihiuduusedvdnlswedesdusenaunny d () el aun1sussdn rotating frame @130
Feulddsaun1si (3.15)-(3.16) [191-(21]

Pis
To = > (Aics) (3.15)
Wio
/Id _ I—mids

nsmuaueIesiudaliiwndeniasaavsialiaunns (TPIG) Memadanisauauniaes
QnuansgUTl 3.4 nszuavaadnndngnimualiidunseuaunuuiuaznszuavaadniaiugnimusly
Wunszuaunudarinuunseudnedaunuils q, g) Memaramsvawenulisunasmdyiwudves
ynmemdnuazanaIniaiuvenaiesudaluiumiehasanavinliaumns nszuavnainaiudos
gnusuresudasdIuYaaIn () dusunisiuaiismaianisauaunnnes Amsdnesved

w3asmdaluduiientnasunasialuauuinseandlunisnan 1
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] 1 a s = o a = o a !
A19199 3.1 Andwesveunsasnidaliiiuietdaeanaydaluiauunns

ANISIAMRS TPIG YAAINLEIY VAAIAVAN
(a— as) (g i)

AUAUNTUIARINELOLADS Ras 514 Q Rgs 3.08 Q
aieth$nanamaes Xias j3.120 Xigs j3.61 Q
ATl man Xmd j73.230Q Ximg j73.23 Q
Al vaaasnes Xir j3.61Q Xir j3.61 Q
ANUATUNLYARIALSIADS R, 359 Q R, 359 Q
aau 0.0467

AALEeY 0.0255

Torque
Control

Inverter
ABB
ACS580

Id
Calculation
\ v,

: :
E % . (7] /! E
E®_> T, fT\ ®_’ q Beta ;
[ Calculation \Lheta :
' VA Y1 .
i DLt arm— ONTS ©® ;
> 5
: :

=
3
3
HEs
A
3
oney
3 i
5 l'_\:
a3 5
&
S
!,

Theta | | lady
Calculation ’ Alfa f&<3@|

Iq

MSC Flux o7 Beta

C2000 Caleulati
rocontrollers \\ aenyg an \Theta

....................................................................

JUN 3.4 nsmunuasesitla i aviie e wavilaldaunesieureiussuuniaviana

Mndayanisiiwesvesaesilialiiuvisnhasiarilaliauinnslunied 1 lunseu
9198 9N uT e ANUAlLI I UARABTUARINNAN Vs = 22020° WAZLIIAUAILABTUARINLATY

Vi, = 220290° NAINUALTAINEIAU VUIANTELAALALADT UAAIALAT UG NATUIRLA LY
4.94/ —57.45° A LATLATNIELAAAADSUAAIANA NN 4.882-1.23° A VUIANTLULALILADSUAAIN
WS UAIUIUIAWINAY 2.38.90.57°A NSELALSLABSUAAIANENATUIULA LAY 2,61/ —1.23° A
paddu fatiu endanangnAniiyuguissmyilildnssuativasvesnssuaamae fuaaaaman
WU 2.66 A LAENSERATIVAETBINTUAAALABSYNAINLESUWINAU 4.03 A NIzLATIVZYDINTELE
T51m95Una2ANENYINTU -2.61 A LazNIERATIVUZVDINTZLALIINBTUAAIALES YA Y 0.03 A
auansy Wethetmuauniluaunisd 3.10 deuia AussOnauiuwsimanldwinfu 4.72 N-m
mﬂgﬂﬁ 3.2 (%) WeunuAinszua wazaramien$lwaluaunisd 3.6 aansomuaLduLss
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widnlsmasluwnualdindu 0.9 Wb waglugui 3.2 (n) @uns0AIUINAINTTLARNUAIYIA
awudidnunuAdldvingy -0.02 Wb nasiuvesnmasauuuilign Awannnessulaviniu
0.91 Wb Adisnangnldiduaanmesineds Tunisausuuuunismuaunnaes

nsauAunnmesIndudssnuaunssuadmmesunaIaa nuagias uuuudaundud 1867
AIUANLUUPI Agianslugui 3.5 N1sAuinAnurasiiniuau Pl dmsun1snivaunseualdnannis
naUaUBIBAUANEATIAMAIUANNTEWE [20]22]

Gpa(S)
F.e” 1_9 I.e
'ds 4 _ Kz ds 1 ds
K 7+ ic =
Oo—> i
Z4 e S La0y5+ R ‘
(n)
G (5
.a™ - e
lgs 4 s K |V 1 lgs

N~ e YLV L. S+R, I’

(@)
5U# 3.5 nsequRunseuaaninatuuuleunau

(1) N1SATUANNTEUALALABS YRR INLEATH
(¥) MIAUANNTZUAAALABTUARIANAT

o N el' « 9 & 1 Ql' .
ASAIUIUNITNOUAUBIANUD AL AENITENUA “s” Tudadtunisaelauyaessuy Tned jou
& a ¢ ~ o <@ a al o o
Ao MNUDASOALDLIDS LmL’;mmvu,t,aziwzsuaumagﬂm‘vmmL‘Uu 0.005 1UNaE 69 BIAT AUAIRNU
mnﬁfummﬁmaa‘iana%ﬁm%’mzwmuquLaﬁmmwmu'ﬁmﬂé’mn (3.17)

8

= 2 —923rad/sec (3.17)
tS tan gDM

!

NTHNUAINITTIME 0gi0g wagn5Twmesan 9 Nuanslilunisned 3.1 luaunisvesssuy

mufkanslusun 3.5 (n) uag (v) dmsuilsidumsaglowiada Annuguavaunsslauny d ves
AIPIUAN Pl 98 NANUINANT Ky =13.67 WA Ky =16,184 Mntuilaidunisateleudsin

Jagiuanunsaliowu

_ 654(s+158)

d(s) = W (3.18)

lwhusudediu AnnugualuaunsELaunuwnuy g e Ky =203 uaz K,y =16,184

niuilsidunsaelowatalagiuausadewiy
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905(s +1,184)

G = o\
) = 5 (s +137) (319)

Bode Diagram

&

(%)
=

.Syslam a8,
Frequancy {radis): 910
Magnitude (dB): -0.0123

b
=

=

Magnitude (dB)

|
2E8z o

System: sysq
Frequency (radis): 910 |
o Phase (deg): -81.3

L
[

D
538 & 8

N 110
~115
~120 . S e

Phase (deg)

107
Frequency (rad/s)

JUN 3.6 ununmluavesilandunisanglouiuuinie

JUN 3.6 uanausunmluavesilsndunisarelouiuvinlavivaesuuy wuiiuuagiduuszuansds
msauANlagtuluinu d daziniy g mxERy

Signal Output |

Mean =
(dtiscrete) | 7|
| .,

i

1a (A or pup
Majn winding current 1a (A of puj>

<Auxiiary winding current Ib (A or pu|

B ol ]
<Electromagnenc torqua Te (N°m of fu]

<Rotor speed (rad's of pu)>

<Stator fux phis_s (V'S of pu)>

<Stator fux phis_q (V"5 o puj>

<Rotor Dax phir_q (V'8 01 pu)>

<Rotor fux phit_0 (V"8 of pu)>

Grid Connected VC

Calgulation

sUfl 3.7 msdmesssuuiithiaueselusiass MATLAB/SIMLINK

spuuiiiauegnitasedaelusunsy MATLAB/SIMLINK Lt 9315121 n15¥1191uv858UY
fyanausstuuuLnug 1B aunus B ufeaniddadaiildannsmuaunnnefgnldaing
dyapafidudegduadannnesliaumnauandusu 37 Memuauasunodineifuaieadidn
Iyl (MSC) 3U71 3.8 uansmsUszananan1sieuvesnouosmesmuguasasiudalli (MSO)
U7 3.9 UARILSITUIARIAVAN UIIFUINAINTIY NTLUATARIAUALNTLUATAGINTIY USIFUNTA LAz
NIELANSAINMIIABINTINIUYRITEUY YanaaaunsHanidsliwazdioridsliiwenies
Audalwideonhaeanavialiaumnns (TPIG) wandusuil 3.10 MsUsznanansvieuvesney
nesnesmuauiaaidaliiin (MSC) viharusie C2000 real-time microcontroller fauanslugud

3.8
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llg_F8)

We

Gd'Lds*u(1)'u(2)
Gq'Lags*u(1)*u(2)

e

.

9
™

'—DD

Calculation

i Id

Theta

2k T Y i g oSN A " N
1k
Ll Ll | sk 1) ' JVA"‘,n Qll; -mnens i

o rar 39 ) 4 (LLEEs) \ NN

Ak ]1 =
I

2k o~ O . 4l v &/ % \ o e % %

2k - - S _———— - — - —_—— - -

; | /) . (\ |
! o P |
.20: — 10 ms —» : ! : ] J : ]

40 LY &) GA) N, >NN) b 0V 2 (4D - N0

SUN 3.9 LSWUTAAIANEN LIINUVARINYIY NITHEVARIALAENSTLEYARINYIY WIINUNTA LAY

v

ASLHANINAINNITVIADIVWNIUVDITZUU
Machine Side

Converter

JUN 3.10 ganaassn1sauAmAsdiuialnihlagiBnisidiaue
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yamageunsnanmasliiiuazdiiiefidslniivesndesdudaliiimienhaourayialy
aumsuanslugudl 3.10 MsUszananmsinsuvesresuneiineimuauaIssiudalii (MSC)
¥91use C2000 realtime microcontroller fauansluguil 3.8 nan1smaassnsTNLIBTLUUT
thiaueuanslugui 3.11

Normal Mode Peak Over Integ: Reset YOKOGAWA
YU UsEed  Scaling =  Line Filters  Time = -———- —-ie-
MEAE@EERE  AVG = FregFilter =

: : : CF:3

B - __ZAQV3A) ___
o Vonain 1000V

Sync Sre:li]

U2 1000v
Sync Srcifid]

. - . | 1000V
g 1l - T R LT ]

5A
Sync Sreid]

Element 4
U4 1000y
14 BA
__Sync Src:i

5

T : _ Element 5
Y & i Bl o, B o M«r.-s . i us Gﬂgx
e T 0 T bt o T TR 1
Syne Sre:[1§

_ FElement 6
1000V

16 504
Sync Src:ll

Motor
Spcl - 10¥
e 10¥

5UN 3.11 USSPUUARIAVAN LIIRUYAGINYIEL NTEUAVARIALAZNTZLATADIAYIY WIIAUNTA Lay
NITUANIADINNITNARDINNTINUYDITTUY

msdaenismvAEas e dnlilaeIs s raugunnes gaveaeulaeasimundua
nena (0, -5, -3, 0 N-m) Iﬁﬁ'um%aﬁwLﬁﬂh\lﬂ%ﬁaqwamiﬁwm 311‘1'71' 3.12 L@ANNANITINADINIT
muauidaliihdeiSmsusvaunuisimanlswesTnedeusenstouunmmsnaliiuiniosinie
Iwihdsmalinismvauuuuineesasisiuqunssuaesddsenaunnu q ) ioas1ausadn

wiiwdnti (T,) auusslaBunanenauazeanugunssudesausznouwny d - (ly) gnfmunAdy

wsewiiwidnunu d eefimniiinvesnsostllalii madwihaaesestndalniigndwuluadds
ieidudunepbinureuesinesaiueudonsaiiodiindndngnia LaaNan SAdoUYAMIAGEINTT
dgahdslihveaesesiilialiihnuseulonisdiaedlugui 3.13
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" Vidiv 1:15.56

I
|

T/div 1:0

A ﬁ(Enla”rge theﬂgureﬁb‘ove);

JUN 3.12 US9UNTA NTZUANTA NIXUATAIAVIEN NITUAVARIALATL UWTIUABUNA Lazusadn
WlnAN9INNIITABWINTLVBISTLUY

2024/03/02_13:11:45
1

Zoom1

37.5kPts

JUN 3.13 UsauN3A NTEUANTA NTLUAYARIAVAN NTUaYARIALETY LIalndunn uazusiln
WHANAINNITNARBINTVINUVDITEUY
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3.4 #3UN13AIVANLINNEINTaNvRATasn I llnlWiwlsdsanasdaliauuing

mMidnaessauaesesllaliilagIsnsaivaunnesgnageulagnsinunBunang
na (0, -5, -3, 0 N-m) Wifuasesiullalifiniiognanisinau dwandusui 3.13 nsdeudunania
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2024/01/27 23:36:44 Stopped

Edge CHT £ }History Normal

Auto 0 V 1 125kS/s

L] : : . i 10s/div
. : . : B I 12.5MPts

Zoom1
o 80ms/div
" T 100kPts | T )

Zoom2

o 10ms/div
T 12.5kPts

r-\ /rs . . . )
- ‘\ w/; \Jf\ \_;(J/‘fp.‘\

1 lm;,\

: l mru'n
n

5UN 5.14 dyayiainsasiunia (CH1) Vg dagnseuansa (CH2) Ty nsziaunadinvian (CH3) ivain
LazATEUAVAAINLETY (CHE) Taux vauzildsuwdasanusilamesiuuriuninule

5.5 n1suadaun1siUasundasyurnwenuliauninsmniduiuauduasunalndanise
madlnidignia
Foulunsmadeudauil 4 farsansansiionulasprmesrislicnin i dufiueudues
ynmnsiemsasingddluiiindngnia Tnefuundisandeuan 6 = 19.4° Aailu 0.8 PU, wawe 6 =
24.3° Aoy 1.0-PU Law 0 = 29.16° Antdiu 1.2 PU vesidounla o tiefinnsanuszavsnimyes
SYUU NIMAdRUTAN1zAia TR TlastA 1500 rpm vae UB-TPIG luillnanaudsiuniselnan
MANAAUANR (Pr) 311A37 750 W (>5.0 Nm)

SUl 5.15 uansudenlaezunsunsnageuiissutivumesestidawilidiemlssansnmly
uwiardugos Tnen1snTIaInanesesinsziindslidin (WT1806E POWER ANALYZER : PAZ) 115
yaaouinUsyAnsam 4 dudal @it 1 Ussansainaes UB-TPIG (7o) lunsuusdumdsnuns
na P 0uridslndn Pedaudl 2 Ussansamesunesinesdundasdudalni (muse) fivinid
muAuLssFuaoalaluSsdlwnsadenles Pe daufl 3 UstAvinimuasneunesinosimumii (resc)
ﬁﬁ’]ﬁﬁﬁﬂﬁﬁﬂE\iﬂuﬁ’lﬁﬁh\lﬁﬂmﬂﬁﬁiﬁl\lmﬂL%E)MIENL‘EJIWQIWUUﬂ%@ Pyria Wavauil 4 Ussansnimsiuves
YUY (mrota) ThBuMsderiuidsnunaludsuduidslniignga

ANSNAABUITUULS UIASNITANTUANIIUYDT MSC TS 196459 UEBWNATIAINUD AN 50 Hz
= A & a Y] ~ v 5 raa v a = oA
#3071A11M53%9LAUE 1500 rpm wielinaasuisanizliddunmuasSudunnnianadisrnil PAZ
81U Pe lobviniu -750 W (-5.1 Nm) viSedififiaves UB-TPIG uagiSudunananaiuiiinuazduiin
HagUATUdyIUnaenIUNaNITIATIEIUsEANE A luusasdIuvesssuy
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Py

Torque
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v
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Inverter
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ACS380
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Vector Vector
Control Control
in in
€2000 C2000.
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v

Normal Mode Peak Over Integ: Reset YOKOGANA 4
MU Eusussed  Scaling Ling \Filter  Time [ —==-=I==I-= p|| ‘g 49.953 U
MRPEFIMEET  AVG = Freqlitter=
e L ey e bty S P :
Element 1\ _Element2 _FElement 3 _SA(3V3A).\ Element 4_ | Flement 5% Ef* a8 Ls
Voltaze A 6OV A 600V 4 A NGOV 600V 11 7
Current L 28" VAP 0N A 2t/ AVA AT O 198w 11] v
Urms [V 1[4 291.35 | [y 369.75 | [ 399.68 || 353.59 | [ 600.45 || 285.63 ]S %% Py
Irms [A ] 1.4683 1.4941 | | 1.8835 | 1= 1.6153 1.5713 ¥ 0.698 Syne
‘P o] y I 4 I -0.5229k] ”0.1145!< 0.1302k] 0. 1561k ) BUW‘
S [vA ] 0.4278k 0.5524k 0.7528k 1.0006k! 0.9471k| 0.1644k 19 A [T

|
Q  [var] | 0.4974k | 0.5440k| | 0.5422k| | 0.9714k| | -0.9381k| | 0.0516k]|4 | Sy Sreild

A [ 1] 0.0426 0.1742 || -0.6937 0.1144 0.1374 | 0.9494

Ug  soovm

¢ [° 1] G87.56 679.97 || 6133.92 83.43 Dg2.10 | | 618.30
fU[Hz ]| 50.040 50.042 | | 50.039 | | Error | [ 49.963 | G] Syne Sre:ur]
fI Mz 1| 50.041 50.040 50,036 100.07 | | 49.955 Element 4
Efficiency. Motor chtion—B ‘i ng:
m Hm Error | [%] Speed N: 1.4994k] [rpm] g LS sreilg
7 fjase. | 13713 | [%] Torque T 0.071 | [Nm] LYl
B pase | 119921 J %] Syncsp Vs [ 1.5092K] [rpm] én T A
74 Rrotal Error | [%] Siip %S 0.118 | [%] ol Siclls
Pm Pr 0011k W] >
11 51000V
e
12 T: I C2f
— otor
S ed 10
10V

UM 5.16 nan1sinuagiiasgiiussansamssuvannignldiidunnnina
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5.5.1 mM3dauazdnsziuseanininssuulnuansasindalwilniinsyaeyaoume o
1.0 PU

5.5.1.1 n1sianazdnszilszinsanssuulunansasnndaluiindinisyniveyy
waua o 1.0 PU an1glifidunaniena

SUT 5.16 uananan1sinuariias1ziuszansainme PAZ vay UB-TPIG flannzlsifiduws
nenawnssdnsnaliiiaeanavialiauuins UBTPIG voululnuauewmesisfidslui Pe Wiy
MSC 114.5 W wssOanmsnaiififalulnumaIassudalninien windu 0.071 Nm wie Pn danusiiiu
11 W (n¥esuanina Motor Function) tila UB-TPIG fardaluiln Pe Waw MSC lugadalnnsa
Foules antosuanina Elementd 81upn Pae Wiwindu 130 W wazanndalinsadoulowiiu GsC
AUN3A Pgrig LW111U 156 W W599Un39 Vg 23553 V. nspUAnSa Ig LU 0.698 Apys UABIANEN
ivain WU 1.8683 Ane LAZUARINETI [ aux WU 1,4981 A FaiatndlAesiy

miv‘hmmaﬁzuuLLﬂmqlﬁaﬁﬂgUé’igfgﬂmiugﬂﬁ 5.17 91U GSC an30RIuANNTELANIALAL
Snwazifugunduledinanasumdlndidssfuussfunia kagn1s9eueg MSC @1nsaaing
usssuasanauuyllangafiminzangieliunainlelagfinsanainnssuaunaianan ivain kaz
YNAINETY TAux ﬁﬁéummiﬂé’lﬁmﬁuuazagmﬁwﬁ’u 90 94A"
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5UN 5.17 dya1auuseiiunia (CH1) Vg baznseiansa (CH2) Iy nssiavaainngn (CH3) ivain
LAZNIZUAVAAINLETL (CHA) Taux VUHBIABSVNUTNAIIUEY 1500 rpm dndzilaiddunaviena

U7 5.18 LANILTIAUYAAINNEN PWMuiain VAGINLETH PWMaux NSELAUARIANAN intain LA
NITUATAAINLATY Taux UIIFUNTANAENTEUANTATIAINE 50035 Hz JUT 5.19 uansnanisnsIain
uagdnsziannmlniiinisfiunianuin ssvuannadeudelusandald Tnefiussiunin vy ige
FouAiD 235.53 Vg NTLUANTA 0.698 A HUANINE 52913190 TEUALATUSIUNTA WA 18.30
937 fUsENaUMaY PF Ay 0.9494 whwutidntes
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Normal Mode Peak Over Integ: Reset YOKOGAWA 4
UNUZEEdUEueEed  Scaling #  Line Filter=  Time — -——- TTTITTOPLL :EE 50.035 Hz
MI2EE@EHEE  AYG = Freq Filter=

Sync Sre:ll]

U2 B00VEIm
e

28
Sync Src:[01]

U3 B0OVEIm
2 [T
Sync Sre:[i]

___ Element 4
U4 800V A
14 A [RITD)
Sync Src:[TA

| Flement5
j U5 300v
)

Sync Src:[1§

__ Element 6

1000¥
16 504
Sync Src:liBl

Motor
Spd 10V
I 10¥

5UM 5.18 dyay 1o aiuunainvian PWMwain 908306633 PWMau NILEUAGIANAN Tvain UWag
NICLAUAAINATY Taux LIFUNIALAYNITLUANTATIAIING-50.035 Hz

Normal Mode Peak Over Integ: Reset YOKOGANA 4

Yook Over. : " gReset | | o
ﬁ%lgﬁﬁﬂ g%hg- ngﬂg' L e 3
ehango items I G:3
~ . [ Order U5 [Vl hdf[%) Order U5 [V] hdf[X] ZA(V3A)
#PLL1:US [ 48,963 1z | Total [~ 93407 | def o it Al N o
1|7 205 10000 | 2| 012 0088 ] | |
' 3| 088 0247 | 4 008 0.013} | S Srcl
Urmss [ 235.63_V b .56 0668 | & -~ 008 0.013] b A
X irns 0.698__A 7| om o2 8 0.2 0.007 | S oAmm
P5 . T561 W of 7068 0%0] 0| 0.3 o] ] (e sl
S50 [ ode A 19/ 080T G ] 2 | 002 0008 1 oo
a5 0.0516 kvar 13 0.87 0.3 1 4] 003 0013} |
A5 [ 0.9494 150047 0.073| 16, 0.03__ 0.012 | Syme Srcfi]
o | 618,80 ° | . 47| 026 010 18| T 0.04 _ 0019 | . Flements
19-70.00_10.039 | 7207 0.04 o019y ' AR
THDy {» Uthds 1310 % o1 | 0.08°_0.034] 22 0.03 0.013 Syne Sreiid
Ithds | 22644 % 93 [ 0.08  0.037| 24| 0.04 0.018 i ¢
THDi ("Pnhdb _0.128 % %1 | 0.0 0.039 | /96, 0.03_T0.011 us. 600V ]
Uthts 0425 % | 27 0.03 0.012| 98| ~0.00_ 0.001 L 10A
" Ithes 2890 % | 29 ‘i 002 0.009 | 30, 0.02 0.007 ———ﬁ-—
Utifs 13.656 31 0.05  0.020 < 0.02  0.008 — Element6
| Itifs) | 81,398 [ ~0.03. 0.013, 3| - 0.02  0.008 | | o
Chwfs [T 0619 % | 35| 0.02. 0.009) 36, 0.01 0.002 | Syn Src:l
' bcts 10,180 % 3| 0.02  0.007 38 0.02 _0.010 " Motor _
KactS| 2.4668 | 39|  0.01 0.003| 40  0.04  0.015] wd 10V
EPMEES T, D e, 2 AL BeEYS]
o o/ a L3 a a A rala
JUN 5.19 nanisinlaslinssiusydnsaimssuuanmenliidunaniang

5.5.1.2 nsiauazdmsnzilszinsainszuulnuansasnndaluiindnisynivesys
@eauls 0 1.0 PU d@n1eiiidunaniena -3 Nm

Ul 5.20 wanssansinnagiingiesiseansnineng PAZ vy UB-TPIG vihanululnusades
Aufialning1ef&slndin Pe iy MSC windy -343 W nuitussOannenafifidaluluuaies oariiie
TndA YAy -3.01 Nm %39 P dAw9iniu -486 W vinlinsiuinuss@nsninass TPIG (1) veds
vt fidueseadudaluindidwindy 70.56 % Masugaids TPIGs Wiy 143 W idle TPIG
Fromdaluiin Pe wu MSC Tl Talnnsadeonlos 9nvesuaniua Element 4 81ufn Pae iy
1322 W e utszAnS nmeues puse AR 93.893 % Ma9aabde MSCioss b¥INU 21 W Lo
fgabrlitndalnasad salesdaw GSC Jawdansa Py wifu 291 WUssanSaam mese iy
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90.44 % ﬂ’]a\‘iﬁi‘ULﬁﬁJ GSCloss V11U 31 W ﬂ’]iﬁﬂJLﬁEJi’J@J‘ZJENﬂ@UL’JEJiLG]’E]?ILI?’Y]W]’]ﬂ‘U 52 W uay

UseANBAMTITITEUY otal WU 59.92 % fndsgayifesiavan Totales Wiy 195 W a1ndoya
Presuannsadsuduvdentaezunsunisdsaiemadlniiainduiddu P ludina Py lasagy

a
" 5.21
Normal Mode Peak Over In
U304 0sE  Scaling =  Line Filter=  Time
MEEEEEE - AYG = Freq |Iter-

kElemenﬂ Elelnent 2 Element 3. ZA(3V3A)_\ _Element 4
Voltage 600V A 60OV
Current 54 | A A
Urms [V ][+ 300.99 | [y 377.85 40795 362.03 |
trms [a 3| 2.1963 ][ 2.0356] | 2.4519 2.2980 | 1.931 || &7
P [W 1[ -0.2117k| | -0.1310k | -0.7203k| | -0.3427k [ -0. 3218k| ~0.297 Ok||.at+
S [vAl| 0.8611k| | 0.7692k | 0.9985k| | 1.4023k | 1.3142k | 0.2964k 546D
0 [var]| 0.6262k | 0.7679% | -0.6916k| | 1.384%k | -1.2742K) —0.0559k Sync Srcfil -
A [ 1| -0.3203 ] | -0.1703 || -0.7213 || -0.2444 | [ -0.2449 | | -0.9820 PO
® [ 1| G108.68 699.80 | | D136.17 104.15 | | D104.17 || D169.12
fU [Hz ]| 50.034 || 50.039 50.034 Error 50.012 ||l Sync Srcdu
fl [Hz ]| 50.043 || 50.038 50.087 25620 || 50.019 '_ Element 4
Efficiency Motor Function ___ | 4 eogx
n ipm - [_10.566 | [%] Speed Al 15407k [rpm] g | Sume Srcily
72 e 93.693 | [%] Torque T; =3.010 |(Nm] 2 Element 5
& nose 90440 ] 4] Syncsp N 75010k} (rom ] g Us ~ eo0v
" Hiotat 59.922 | [%] Siip %S ~2.642 (%] ﬁ) Sync Src:[T8
Pm Pr 0486k} (W] ™ 7 Fements
| |
| e "
12! Syne Sre:fill
‘ -l Sny o
10V

5UM 5.20 Hansinkagliaseiuseansamssuy an1igil TPIG 18unsan1ena -3 Nm

Huar (#14)= 69.37%
Total loss = 195W

e

L nn masc(n2) Hese(173) )
70.56% 93.89% 90.44%
Pr —» TPiMis—p P,y MSCins 3 Ppe—» GSCisg ———» Penid
AS6W  143W 33W 21w 32w 3IW 291W
s QIR v v 5
‘v = H
¥ Y 44
Torque Nl | v
Control C
Ns="1500 rpm THD\i 1.4[6;%
Nr= 1564 rpm MSC Gsc THDi= 14.06%
%s= -4.280 % PF=10.9584

JUN 5.21 vdenlaezunsumsdsinemasininvasssuudignia anigi TPIG $8unaniana -3 Nm

31117'{ 5.22 LLamgﬂé’ﬁyzymamazﬁ UB-TPIG 8unan19na -3 Nm awmgﬂﬁﬁuﬁmmﬁmwudﬁ
GSC annsarurunszuanialiiidnuaz Jugunrduleilarsiuussiunialufiama 180 ssmuaz
N1391197U¥84 MSC aunsaasausssuaoanasuuliaunataulvivaainuanainndn ivain 111fu
1.99 Ape UASUAEIALETH TAux WINFU 1.89 A, BeilAnlndLAsariy
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JUN 5.22 dya1auusiunia (CHI) Vg kagnszuansn (CH2) g NTeuavnaInnen (CH3) vain 4ae

NITUAVATINLETH (CHA) Iaux VougRIAD3 1500 rpm @n13e# UB-TPIG Bunmv1ana -3 Nm

Normal Mode

Peak Over
u2uIpAusluesed - Scaling ®  Line Filter =
[IZIEImEmETa  AYVG = FreqFilters

Integ: Reset
Time s

YOKOGAWA 4
PLL :[E 49.988 Hz

=b.

su

Y

CF:3
S A(3V3A)

800V|
11 A A0
Synec Srezfua]

U2 BoovEm
5 pamm
Sync Sre:ul]

U3 B00VHm
18 bA BTl
_ Syne Sren] |

_ Element 4
U 600V
14 SARIT
Syne Src:iE

_ Element 5
Us 300V

54
Syne Sre:[5]

__ Element 6
J5 1000V
|16 504
Sync Src:iBl

g

Motor
Spd A0V
Ir 10¥

ATELAVARINLESY Tauy HSSAUNSALALNITUENSANIAINNE 49.988 Hz

5.23 &y 10dik399uvnaInnan PWMwmain U9a30a30 PWMaux NTSEVARIAVEN Ipain HaE

JUT 5.23 UanLsaiuunaInntn PWMwain UnaI0L&a30 PWMau NSELAVARIAYEAN ivain WaE

NITUAVARIALATY Iaux $IIAUNTA Vg UaznTewansa g MA1NA 49.988 Hz JUN 5.24 1Junanis

arvdanaginszinunnliimiaiiunianunvassuy deiumasliiiludiniaussiunia Vg
M9ALTaNAB 240.80 Vims NIPUANTA 1.231 A 30l 581I1ans2lalazisnunIamitu 169.12
83r fusznauiias PF davinfiu -0.982 dhudidntles
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Normal Mode Peak Over Integ: Reset YOKOGAWA 4
DIZEEEEEd  Scaling = Line Filter=  Time - IO E 50012 Hz
[MZFE0sE0Y  AYG = FreqFilter=
change items Gr:3
Order U5 [V1  hdf[%] Order U5 [VI  hdf[%] ZAG3V3A)
fPLL1:US [ 50.012 Hz | Total| 239.30 dc [ ————— —— 600V
Vs 1| 239.27 100.000 2 0.09  0.037
3 0.35 0.147 4 0.06 0.026
UrmsE 240.80 5 1.67  0.699 6 0.02  0.007
Irms5 1.931 A 7 2.04  0.852 8 0.01  0.006
P5 -0.2910 kW 9 0.54 0.226 10 0.03 0.013
85 0.2964 kVA 11 0.86 0.358 | 12 0.02  0.007
i3 -0.0559 kvar 13 1.04 0435 14 0.01  0.003
A5 -0.9820 15 013 0.056| 16 0.03  0.013
5 D169.12 ° 17 0.2%5 0.105| 18 0.00  0.002 Element 4
19 042 0.051| 20 0.4 0.018 |y o
THDy B Uthds 1.416 % 2 0.07  0.097| 2 0.06  0.027 Syne Sl
Ithds 14.062_ 4% 23 008 003 | 2 003  0.011
THDi W'punds 0.051 % 95 0.06 0.0%| 2 0.04 0.006 lement £
Uthfs 0.446 % 27 0.06 0.025 28 0.06 0.026 1_DA
Ithf 1.783 % 29 0.06  0.022| 30 0.02  0.008 Syne SrelE
Utifs 14597 3 0.06  0.02%6 | 32 0.01  0.006 Element 6
Itifs 51.165 | 33 0.04 0.019| 34 0.02  0.008 o oo
hvfG 0.495 % 3 0.02 0.008] 36 0.01  0.002 Sync Sre:lil
hefb 7.046 % | 37| 0.02  0.008 38 0.01  0.005 Motor
Kfacts | 1.5709 | ey 0.03 0.015| 40| 0.04 0.016 Spd 10V
[EPAGES! /11 [EPAGE=] 1713 10¢

JUN 5.24 nan1sianayiiasgviussdnSnnsyuy anagil TPIG T8unnniena -3 Nm

YOKOGAWA 4
© PLL :EE 49.967 J

5

P

| A

T\ ain

Peak Over \
0107 ugud U5 UE SR - Scaling * v
MIAEEHEENYD  AVG. = Freq Filter »

ry Element1 |\ Element?  Element3. ~ SA3V3A) | Element4 | Flement5>
Voltage A 600V _ A BOOV T ooy 800V

Normal Mode

Current \ 54 £ Ty 104
Urms [V 1|3 304.77 | Ny 381.12 410.44 | || 365.45 601.01 249 86
Irms [A 1] 30172 2.5016 3.2043 | [V 2.9077 28947 2.379
P [W 1| —0.3717k| | -0.2669k | -0.8600k| | -0.6386k} | —0.6122k| [C-0.5710k Py
S IvA71| 0.9195k [ 0.9534k | 1.3152%k| | 1.8407k| | 1.7398k| | 0.5777k O samm
0 [var]| 0.8411k | 0.9153 | -0.9951k | 1 7564k| | ~1.6285k | -0.0876k| Sync Src:lul
AT ] T -0.4042 | [ =0.2799 | -0.6539 | | -0.3469 [ | -0.3519 | [ -0.9384
o[> 1| 6113.84 | | G106.26 || D130.83 110.30 | | D110.60 || Di71.28 h2.
f0 Mz 1| 49.998 ||  49.998 49.998 Error 49.957 ‘ﬂ
fl[Hz 1| 49.996 | 49.998 49998 93.812 | | 49.962 | < [lement4
Efficiency Motor Function = | T)f /|1 SONET
d Hm 77,594 | (%] Speed Ao 1.5641k] [rom] g L _Sme el
‘ 72 s 95.667 | [%] Torque I 5025 | Nm] _ Element 5
73 posc [ 83,262 (%) synesp N [ 1.5000K| from] g Us. " e00y
74 Hrotad 69.374 | (%] Siip %S —4.280 [%1 | oLSme el
\ P P 0.823k] W) ——
1) o
yne Srcl
12| >\

= Sod 10V
Tea o A0V

JUN 5.25 nan13inuasdins el swdnsnmssuu aan3edl TPIG H8unnn1ena -5 Nm

5.5.1.3 M3dauadnTeiuszansainssuulvnuaiasasindaliinniinsynivesyu
Ul & 1.0 PU @n1ei TPIG iBunaniena -5 Nm

U 5.25 wanssansinuagiingiesiusednsnweng PAZ vz UB-TPIG vhanululnusiaies
Audalwirgneidslidin Pe situ MSC windu -639 W wuiwssdamanadifidalulusniaioiia
TudAn WA -5.025 Nm %30 Pm diavindu -823 W vilansiuanuszansainues TPIG (76)
yauzvimihiidunseaudaluindaviity 77.59 % i fdsnugands TPIGes Windu 193 W iile
UB-TPIG $neindsluiin Pe sinu MSC lugadaluinsadonlos 9nteuanina Elementd 81up Pac
Ifwiniu -612 W fetuussanBnimaes pusc Siauviniu 95.867 % fdagapds MSCis Wity 27W
wazmdsluiianUaliasadenloswiiu GSC Jouidn3a (Py) windu -571 W UseAnSam resc
Wiy 93.262% M1d3aads GSCios AU 41 W-n13geudesinvespauesinesilanvaiu 68 W
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WAz UsEANSANTINTINTEUY 7ot WA 69.374 % MAsAAETIIMUA Totalss LU 252 W 371
Foyadrsduannsadowiuvionlaszunsunis dwremdsinionduidsdu Py lUgan3a Py
ledtagun 5.26

Huoat (1)= 69.37%
Total loss = 232W

r 1ali2) 1aasc(iz) Hosc(73) A
77.59% 95.87% 93.262%

PL - TPM},"’“-) Pg+ MSCross > Pnr —» GSCioy ———p Pgm{

-823W  193W -639W  2TW  -612W 41W STIW
: : ! v i v i
1 [ | Grid

Torque _I pa ‘ VLY ( )
Control
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Nr= 1364rpm MSC Gse D= 10.07%

%= -4.280.% Ri= 0.9884
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Normal Mode Peak Over Integ: Reset YOKOGAWA 4
23 Ausuesed  Scaling = Line Filter=  Time TTTTTITTITT L GEE 49.967 He
N2EEEENEG  AVG = FregFilter®

GF:3
_ ZA(3V3A)

60OV
11 5A [AIT0]
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U2 60QY/FumD|
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Sync Src:ul

| Il”l | | l”“ : | Il U3 B00YV[ED
: A (A
. . . . Sync Src:[i]
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14 5A [0TD]
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___ FElement 5
Us 300V
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=
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Normal Mode
MEEEEERE  AYG = FreqFilters

Element 1 EluremQ ElemenlB _ZAC3VIA)_|
\I'oltage GO0V A —| GO0V

Urms [\I' 1) 306 98 383.04 | | 412 26 | 367.43 |
Irms [A ] 3.7490 2.9326 3.9133 3.5316 |
[¥ 1| -0.5065k | -0.3734k | -0.9794k| | -0.8799k/
8 val 1.1509k 1.1233k 1.6133k 2.2444k| 2.1324k
il [var] 1.0334k 10594k | -1.2820k 2.0928k| | -1.9566k
AL 1] -0.4401 -0.3325 | | -0.6071 -0.3920 -0.3976
®

fu

=

[* 1| G116.11 G109.42 0127.38 113.08 0113.43

[Hz 1| 50.031 50.036 | | 50.032 Error
fl [Hz 1| 50.033 || 50.034 | | 50.034 40.590 | . Element 4
Etfeioncy Mot Fm_—ﬁr.. G0
m Hm 75.622 | [%] Speed N, 1.5851k] [rpm] g|—Sme el
n o puse [96.358] ) Torqe 71 [-7-010 | (Nm] L Blements
73 s 01,155 | (%] symesp N 15009k [rpm] g| U 600V
M e 5] X i s | 5.506 |81 oL_one sl
» =
Fm ! L 1. 164k} (W] ) Em‘e&l} gu
1) 16 504
l'2| __Sync Sl
S5 10w
10V
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Normal Mode Peak Over Integ: Rese YOKOGAWA &
U1 2u3ua s vslshd - Scaling #  Line Filter= ~ Time . ————- STt Pl :EE 50.010 Hz
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Normal Mode Peak Over Integ: Reset YOKOGAWA 4
U702 03 W05 6Eed  Scaling = Line Filters  Time — -==--=I--=I-= p;| :g§ 49.968 Hz
MIPEEEERG  AVG = Freq Filters
change items CF:3
Order U5 [V] hdf[%] Order  US [V] hdf[%] _ SA(N3R)
N fPLL1:US [ 49.968 Hz | Total| 243.54 [ R ——— GO0V
s 1| 243.52 100.000 2 016 0.065 11 5]
3 0.56 0.238 4 0.03 0.012 Syne Sreual
Urm55 24502 Y 5 171 0.704 6 0.02 0.008 U2 Goovemm
1rmsh 3.351 A 7 1.93  0.792 8 0.04  0.016 AR
P5 ~0.7982 kI 9| 056 0.22%8 | 10 0.02 0.009 Syne Sr]
- 35 0.8211 kVA 11 0.90 0368 12 0.02  0.010
U3 T
05 -0.1926 kvar 13 0.86 0.355 | 14 0.1  0.002 13 EUEX
A5 -0.9721 15 0.13  0.085 | 16 0.01  0.005 Sync Sra{ul
5 D166.43 ° 17 0.18  0.073 | 18 0.02  0.008 ___ FElement 4
19 012  0.051 20 0.04 0.018 U4 GOOVAID
14 5G]
TH Dy [ Uthds 1.285 % 21 0.08 0.035 22 0.03  0.014 o
1thdb 8.351 % 23 0.8 0.032| 0.6 0.04 Element 5
THDi |7 Pthds 0.015 % 25 0.02  0.008 2 0.02  0.009 Us - BoOv
Uthf5 0.600 % 27 0.09 0.038 28 0.02  0.007 | e s 104
Ithf5 0.735 % 29 0.1 0.004] 30 0.3 0.013] e Sl
Utifs 26.173 31 0.06 0.023| 32 0.03  0.013 Elemfggﬂﬁv
1tifh 20517 33 0.07 _ 0.027 | 34 0.02 0.010 6 508
hvf5 0.490 % 35 0.06 0.02%4| 36| _ 0.04 0.017 Syne Src:il
hefs 4.466 % 37 0.06 0.023] 38 0.20 0.082 Motor
Kfacts | 1.1193 39 0.02  0.009 | 40 0.27  0.112 Spd }gg
iZPAGE] /11 [<IPAGEE] 1/13
= Y] a s A la =~
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5.5.2.1 AsVndaURAzHaNISIaRa s zRUsEANS nwszuuTrmes asAda i
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Element 1_\ Flement 2__ Flement 3. 3A(3V3A)\ Flement4_ | Flement 5» P4 oA Is

Voltage [ CTVA GO0V T A BODV 1@[mq 600V )

Current ) oA A plal A oA me P
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Q  [var]| 05703k | 0.4579k | 0.6181k| | 1.0282k | -1.0752 | 0.0528k||4 |  Swne Srell PF
A [ 1] 0.020 0.1186 | | -0.7404 0.1003 0.1197 0.9478
¢ [* 1| G84.14 68319 | | 6137.77 8494 083.12 1860 @ Sogy Oy
fU [Hz 1| 50.075 50.080 50.079 Error 50.021 || g Syne Sre:(i]
fl [Hz 1| 50.069 50.082 50.082 Error 50.013 | Element 4
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Normal Mode MBS Scokg = Lie Fiters  Twe' ooy Al e
MIZEEIEENE  AVG = FreqFilters
change items ) CF:3
Order U5 [V] hdf[%] Order U5 [V]  hdf[%] . ZA(3vaa)
fPLL1:US | 50.021 Hz | Total| 234.16 [ —— 600V
s 1| 23413 100.000 2 010 0.045 I BA T
EL‘ 3 0.54  0.231 4 0.03  0.011 Syne Sl
Urmss 23561 V 5 1.38  0.591 6 0.0 0.012
Ir|155 0.702 A 7 2.97  0.950 8 0.02  0.008 P —
51568 k¥ o 0.5 0237| 10 0.0 0.002 Sync Sredol]
ss 0.1655 kVA 1 0.84 0357 | 12 0.0 0.013
05 0.0528 kvar | 13|  0.92 0394 | 14|  0.02  0.009 e GoNE
A6 0.9478 15 0.0 0.043| 16 0.02  0.006 L syme m:@
3 G18.60 ° 17 0.8 0077 | 18 0.01  0.005 Element 4
19 0.5 0.065 | 20 0.0 0.002 ot ﬁﬂﬂsg=
THDv - Uthds [ 1380 % | 2 0.0 0.043| 22 0.01  0.003 Syne Srcild
Ithds | 22.024 % 2 0.07 0.028| 24|  0.06  0.024 | Clomant 6
THDi V" Pthds 0.111 % % | 0.08  0.033 %  0.06  0.024 | us  Goov
Uthfs 0.593 % 27| 0.7 0.031| 28| 0.06 0.0% 104
IthfS 2.817 % 29 0.05 0.020 30 0.01  0.003 Sync Srefl
Utifs 20.685 3 040 0.045 32  0.02 0.007 | — Flement6
Itifs 79.817 33 0.03 0.014| 84 0.02 0.007 6 '"2$
hvfs 0500 % | 35 ~0.07 0.099|.3 002 0.009| | Smcscl |
hefs 10137 % | ¥ 0.02  0.010 38 0.02  0.007 _ Moter
Kfacts | 9.3819 | 39 0.5 0.023] 40 0.08 0.0 od 10V
EPMEE 511 w3, | '

JUN 5.36 wan1sinuariATwiysyansamssuutae TPIG Tuan1elslvan
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wihdueiesdnfalwiddmiiiu 67.264 % il fidsengnyde Totalis Windu 198 W iile TPIG
F1e fddldh Pe rinu msc Wl insadenlas a1ndotudniaa Elementd 81ue Poe Iy -
303 W seifuus@nsninees guse SAwiaiu 93.146 % MA9EaUAY MSCioss 111U 22 W UazaIN
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Normal Mode Peak Over Infeg: YOKOGAWA 4
20 00EEd  Scaling = Line il Time | ----- TTTITTOPLL :EE 49.951 M
MEMEEEENE - AVG = Freg Filter=
Is

T 'y

Element 1_\ Element 2 Element 3. 3A(3V3A)_\ _Element 4 Elementsrﬁ?
Voltage A 6OV A 60OV A 600V 600V
Current A 58 A A A BA 7
Urms [v 1[4 308.18 | [ 373.19 406.79 | | 362.72 | | 600.95 239.89 wrid
Irms [A ] 2.3444 1.8533 3.1173 | 2.4383 \ 2.3891 1.159
P [ 1] -0.1381k -0.1868k -0.9097k -0.3249k -0.3026k -0.2723k U2 GO0V
S [VA 1| 0.7225k| | 0.6916k| | 1.9681k| | 1.5486k| | 1.4357k| | 0.2780k 54 BT
Q  [var]| 0.7092k| | 0.6659k| | -0.8835k| | 1.3751k| | -1.4035k| |_-0.0664k| 4|  Sync Srclil
A [ 1] -0.4912 || -0.2701 || -0.7174 | | -0.2098 | | -0.2108 | [ -0.9792
[aUTO]
¢ [ 1| 6101.02 || G106.67 || D135.84 102.11 | | D102.17 | [ D168.30 || U3 509
U [Hz 1| 50.015 50.020 50.015 Error 49.951 Syne Src:lit
fl [Hz 1| 49.998 50.014 50.009 Error 49.950 Element 4
14 UTo
Efficiency. Motor Functon |7 14 sogx
m R [ 67.264 | [%] Speed N, 1.5360k/ [rom] g | Syme Srolid
72 nase 93.147 | [%] Torque T'L -3.003 | [Nm] < Flement 5
B pose 89.962 | [%] Syncsp Vs [ 1.5004k] [rom] gl[ us  eoov
7% Hiotat 56.365 | [%] Slip %S =2.368 | [%] o)L_sme Sr;%
Pm B -0.483k] W1 i/ T —
11 1000V
16 50A
ho Sync Src:[l8
Motor
T gpd AW
10v

JUT 537 nan1sinuariiasgiusyansamsyuuvae TPIG dlvan -3 Nm
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S TR/ PN AN o v !
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il L Grid
Torque _I Sy | Y ()
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Nr= 1536 rpmi MSC GSC
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Normal Mode Peak Over Integ: Reset YOKOGAVA ¢
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OIS0 -~ AVG =™ FreqFilter
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Normal Mode Peak Over Integ: Reset YOKOGAWA 4
U2 UEuEEed  Scaling =  Line Filter=  Time = ----- TTUIo pL cEE 49.951 Hz
MEZMEMEEmErG  AYG = FreqFilters
change items CF:3
Order U5 [V] hdf[%] Order U5 [V] hdf[%] _ SAGN3A)
fPLLI:US [ 49.951 Hz | Total| 238.45 e — GO0V
1| 238.43 100.000 2 0.14  0.059 11 5A R
3 0.6  0.108 4 0.03  0.012 Syme Srell
Urmsb 239.89 V 5 1.78  0.746 6 0.07  0.030 U GOVEmD
1rms5 1.159 A 7 1.94  0.815 8 0.02  0.009 BA T
P5 02723 k¥ 9 0.50  0.208| 10 0.05  0.022 Syme Sreli
S5 0.2780 kVA 1 096 0402 | 12 0.06 0.0%
05 -0.0564 kvar 13 0.87 0.367 | 14 0.02  0.009 U3 “E"
A5 -0.9792 15 016 0.069 | 16 0.02  0.008 Syne Sre:Ul
5 D168.30 ° 17 0.09  0.036| 18 0.4 0.019 — Flement 4
19 0.4 0.172 20 0.08  0.035 SUEK
THDv b Uthds [ 1.349 4 2 0028 0118 | 22 0.02 0.009 sync Srcfl
Ithds | 14.981 % 23 028 0116 | 24 0.03 0.014 Flement 5
THD; pthds 0.057 % 95 0921 0.088| 9 0.04 0.018 M us  Bo0v
Uthf5 0.604 % 97 029 0124 | 98 0.03 0.012 104
Ithf 1.731 % 29 0.07 0.028 30 0.01  0.006 Syne Sreig
Utifs 22036 3 0.05  0.021 32 0.03  0.011 — Element 6
Itifs 49961 33 0.03 0.013| 34 0.02  0.009 6 mggx
hvf 0.497 % 35 003 0011 | 36| 0.01 0005 Sync Src:Iil]
hefs | 7.631 % 37| 0.06 0.024| 38 0.3 0.012 | Motor
Kfacts| 14930 | 39 0.06  0.024 | 40 0.02 0.010 | 8pd }gg
{2 PAGE=E B/11 [<PAGE[=] 1213

JUN 5.41 nanisdauayiinsigiusyansamssuuvne TPIG dlvan -3 Nm

5.5.2.3 N1SNAERULASHANISIALALIAIIZAUSTANSANszuU U Saen L da Wi
In1svatgguInyNiaULE 6 0.8 PU vauzlilvaaniiia -5 Nm

U7 5.42 1 Bunanisinuayiisnsiseavsninee PAZ Yug TPIG vihalulyumedesiude
Tdem&slni Pe W MSC windu =595 W nugausedanmanadinfielulndaesosiidinlniiay
A1 WU -5.000 Nm s P dianviadu -815 W vilinsavinuszansamees TRIG (576) vauzyin
wihfdueiesdudalwiddmiiiu 72,938 % & Mdsnugids TPIGs W1ty 220 W iile TPIG
F1e fddldh Pe rinu msc Wl insadenlas a1ndotudniaa Elementd 81ue Poe Iy -
566 W faiuUszRusnInwes. nuse deiviaiu 95.223 % MAYGRYLAY MSCioss 1¥1711U 29 W Uagan
Ualvnsadonlewn GSC dorudin3a (Pgw) Windu 2528 W UsE@nsa1m nese My 93.146 %
maaamaﬁ GSCioss 117110 38 W miamLasmmamauwaimaimmmmu 67 W tazUszansnin
FITTLUY ot WU 64.69.% maqammam‘wm Totaliss WY111U-287 W andoyatnaduaunse
Wouduvdenlaegunsunas mmamaﬂw%mﬂmumawu Pm lUdan3a Pgrig iﬂmgﬂ‘m 5.43
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Normal Mode

Peak Over
MEZEIE0EEd  Scaling =  Line il
MEEEEETG  AYG = Freq Filter=

Element1_\ Flement2  Flement 3. SA(3V3A)_| Element4_ | Element 5¥ A% gva ) Is
Voltage A BOOV A BOOV —I A BOOV GO0V
Gurrent A 5A A A 5A G0V P
Urms [v 1|+ 311.34 | [\ 376.18 409.69 | | 365.73 500.96 243.05 |4 BA! grid
Irms [A ] 2.9144 2.3453 3.8227 | 3.0275 3.0311 2.198 Syne
P W 1| -0.2730k| | -0.3218k| | -1.0528k| | -0.5948k| | -0.5664k|| -0.5275k U2 GoOVED
8 [va ] 0.9073k 0.8823k 1.5661k 1.9374k 1.8216k 0.5342k 5 [0
Q [var] 0.8653k 0.8215k | -1.1595k 1.6868k | -1.7313k| | -0.0841k/|4 Syne Src(ul PF
A [ 1| -0.3009 -0.3647 -0.6722 -0.3070 -0.3109 -0.9875
] [* 1| G107.51 G111.39 D132.24 107.88 D108.11 D170.94 Ug N 93
fu [Hz ] 49.998 49.998 49.998 Error 50.029 6 Sync Sre:ul
fl [Hz ] 49.991 49.995 49.993 Error 50.038 _ Flement 4
14
Efficiency. Motor Function 7 I|I.‘ BOEX
m Hm 72.938 | [%] Speed N 1.5573k| [rpm] 5} Sync Srcl
7 puse |_95.223] (%] Tore 17 ~5.000 | (Nm) ___ Flement
3 nese 93.146 | [%] synesp Vs 15000k [rpm] g v soov
" ol 64.694 | [%] Slip %S —3.826 |[%] 10 Sync Sr;%
J —
Pm ik 0.815k| W] Y Eement s
11| 1000V
16 50A
19 Syne Src:l
/ Motor
=l Spd 10V
10v

JUN 542 nan1sinuariiasignusyansamssuuune TPIG dlvan -5 Nm

Hiouat (774): 64.69%
Total loss = 287 W

1 X\¢

/ I;'m(l;':) 77.\15(?(7];) nr;.\(.‘(f]j) \
72.94% 95.22% 93.15%
Pir—» TPIMis—p Py MSCini 3 Pro = GSCie ——— Parid
-8ISW 220W -595W - 20W  -566W 38W -52.8W
ST 2 1 A RARARNA v s
: v ]
SHD) [ i Grid
Y H
Torque e | \
Control ; ( )

THDv=[.236%
THDi= 10.754%
PF=10.9875

Ns= 1300 rpm
Nr= 1557 vpm MSC GSsC
Yos=-3.826 %

U 5.43 vdonlaozinsunisdaiemdsiniwesssuudndniauae TPIG flvan -5m

gﬂﬁ 5.44 Lﬁugﬂﬂ?{uﬁiyzyﬂmsumz TPIG $un1sslnannienai -5 Nm awngﬂﬂ?{uﬁmmﬂmwuiw
GSC annsnmuANnszuansntitdnwmzidusunauloiriassiurssiunialufians 180 sarmu3e
ATy agludiuves MSC anansaasdksiduassnatuuliaunataulvivaain vaainnean
IMain L111U 2.91 Arns UWAZUARIALET Taux 1IN 2.34 A NSEUATARIANEAN IMain U1NNIINTEUA
YAIAETY aux WEntoelutiediflivan
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2024/03/30 16:32:33 Stopped

@e CHT ¥ ‘History Wormal

Auto 140 ¥ 25 62.5kS/s
2s/div

1.25MPts

Zoom1 Zom?

10ms/ div T T T A0ms/div
5.25kPts ! T ! 6,25kPts
L FAIN ; FABN e \ it
AR s uas SRR anai o
’ o £ N e
. . \/ ....... Fas N N Fa oo N SN A
= b NS
f " e

5UN 5.44 Fuanassniunia (CH1) Vg wagnseuanin (CH2) ig nseuaunadInvian (CH3) ivain Wag

NITUEVARIALESN (CHA) Taux VedzuolABS 1500 rpm g TPIG dluam -5 Nm

2 A m|
Sync Sre:ui]

Normal Mode Peak Over Integ: Reset YOKOGAWA, ¢
A3 0AusuElEed  Scaling ®  Line Filters — Time  ————- TTITTOPLL E 50.042 Hz
208 HDs0sEE -~ AVG =™ FreqFilter=

CF:3
. ZA(3V3A)
600Y T
| M A [umD)|
| Svne Sreg |
]
l U2 600V Eumm|
|
]

|
U3 8O0V [Aumm
13 A [ETo]
_Sync Sreud] |

— Element 4
U4 600V FTD|

i SA [ETD)
Sync Src:lid

g gt {0 it Lot | Elomenth
; - o T Us 300
: - bi

Sync Src:[I5

___ Flement 6
oV

16504
Sync Src:lill

Motor
Spd - 10V
Irg 0¥

5UN 5.45 dya1ounseiuunadnvian PWMwain 308304653 PWMaw NSEEUARIANAN IMain 4aE

ATYLEVARIALESY Taux BIINUNSALAYNSELANSANAINUD 50.042 Hz

sUN 5.46 Lﬁuwamimwi’maﬁLm'lw?qmmwMﬂﬂmaﬁmﬂ%mwudwmziwu GRARD!
MdsliirluganTausesdunia Vg N9aL8ouse 243.05 Vi NTERANIA Ig 2.198 Auns HuA19LYE
SEMININTLHABALLIIAUNSA WINNAU 170.94 89f1 AaUsENBUNIad PF dAwn1Au -0.9875 1uun

< 1%
bNUBY
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Normal Mode Peak Over Integ: Reset YOKOGAWA 4
WU WuUsUEsed  Scaling = Line Filter=  Time  ————=I-=I-= p| ;@@ 50.029 Hz
MEAEEEER  AYG ™ FreqFilters
change items GF:3
Order U5 [V] hdf[%] Order U5 [V] hdf[%] _ SA(3V3A)
fPLL1:US | 50.029 Hz | Total| 241.57 I 00V A
Vs 1| 24155 100.000 2 0.14  0.057 1 5A B
\ 3 0.47  0.194 4 0.3 0.011 Syne: Sre:ul
‘UrnSE 243.05 V 5 1.82  0.75 6 0.01  0.005 v B0VED
Irms5 2.198 A 7 1.82  0.755 8 0.02  0.007 5A fTo]
. P5 05275 ki 9 0.58  0.241 10 0.02 0.010 Syne Sre:Ul
S5 05342 kVA 11 091 0378 12 0.03 0.013
PF } L ® -0.0841 kvar 13 0.79  0.3% | 14 0.01  0.004 Lﬁ "'“&X
A5 -0.9875 15 012  0.048| 16 0.02  0.010 Syne Sre:0]
5 D170.94 © 17 0.09 0.039| 18 0.02  0.009  Element 4
19 0.0 0.03 | 20 0.03  0.012 0 Gﬂgx
THDv B Uthds 1.936 % 21 0.06 0.025]| 22 0.03  0.011 Syne Srceil
Ithds 10.754 % 23 0.15  0.061 2 0.02  0.008 Flement 5
THDiI 7 pthds 0.025 % 25 0.01  0.006 26 | 0.02  0.010 U5 6ooy
Uthf5 0.39 % 27 0.06 0.023| 28] 0.02 0.008 ! Si_UA
Ithf5 1.005 % 29 004 0015| 30 0.02 0.009 yno Sre:I8
i _ Element 6
Utif5 13.366 31 0.05  0.023] 32 0.01  0.004 et
Itifh 27991 33 0.04  0.015| 34|  0.02 0.007 5 50A
hvf5s 0.488 % 35 0.04  0.015| 36|  0.02  0.008 Sync Src:ll
hcf5 _ 5.682 % 37 0.01  0.006| 38 0.01 _ 0.005 Motor
Kfacts | 1.2077 39 001 | 0.005| 40| 0.04 0.018 Spd 10V
{£1PAGERS] 5/11 [<JPAGEE] 1/13 v

JUN 5.46 nan1sinlariinsigriusyansamssuuvny TPIG dlvaa -5 Nm

5.5.2.4 nsweseuNAzHANTIALAITIziUsEANS A msTuUInaaLaTe i alWind
finsyaeuanyudauma 5 0.8 PU vnizivaaiiAuiiin -7Nm
sU# 5.47 Wunan1sinuayinsssivseansamene PAZ sauy TPIG shanlulyumedosiniin
Iyliharemdalaia Pe i MSC wirdy -871 W sudusedamanaifitalulmainsosiidaluiiioy
A1 197U -7.01 Nm e Pr davianu -1160W. vinlinsavinuszansninges TRIG (76) vauzvin
wihidueiesindaliirdidiidy 75.064% 3 drdsugade TPIGes Winfu 289 W iile TPIG
910 Mdalaih Pe s MSC Wesalvinsaidonlss 9ntesuansia Elementd 81ud Po Iy -
835 W fatiuuswAuBnInat puse SANITU 9596 % fMiignids MSCis wintu 36 W uazanta
Tasadenlasinn GSC Uaudin3a (Pgrid) WU -786 W UszanSain ese AU 94.039 % f1ad
g\ GSCios WY 49 W nisgapdasannesneuniofinasiinuviaiu 85 W uasUseansnins i
SEUU rrom WU 67,738 % rndsgayideriann Totahos Wiady 374 W 9indeyadnssiuanunsndeu
Wuudenlaszunsunis dehgfaluihandufddu Pm [Ugen3a Py I¥fegui 5.48
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Normal Mode

MEREEEEFG  AYG

. L

= Freq kilter =

Element 1 Element 2__ Flement 3___ Z A(3V3A)_\ _Flement4_ | Flement 5* [T
Voltage " A 600V A 600V A 600V 600V
Gurrent A 5A A 5A A 5A
Urms [V 1 [¥ 314.37 | [\ 378.33 412.03 368.24 601.15 245 14
Irms [A ] 3.65671 2.8615 4.6601 3.7263 3.7613 3.237
P [W 1| -0.4206k | -0.4501k| | -1.2040k | -0.8706k| | -0.8355k|| -0.7857k
S [va ] 1.1497k 1.0826k| 1.9201k 23974k 2.2611k 0.7935k
Q [var] 1.0700k 0.9846k| | -1.4957k 2.0546k | -2.1011k| | -0.1114k| 4
A [ 1| -0.3658 -0.4157 -0.6271 -0.3632 -0.3695 -0.9901
¢ [* 1| Gi11.46 G114 .56 D128.83 111.29 D111.68 D171.93 | %
fU  [Hz ] 50.006 50.003 50.003 Error 50.017 [
fl [Hz ] 50.001 50.009 50.004 Error 50.017
Efficiency Motor Functign v
m Hm 75.064 | [%] Speed N, 1.5800k/ [rpm] 8\\ Sync Src(l]
n2 HMSC 95.961 | [%] Torque T ~7.010 |[Nm] | Element 5
73 Hasc 94.039 | [%] Syncsp Vs 15002k | [rpm] gl us B?gx
"y 8L ] o 2s [C523m I
; Pm Pr ~1_160K] W] 10
Element 6

U 1000V
16 504
Sync Src:lill

Motor
Spd 10V

ST

:

JUN 5.47 sanisinnavliasienussavsnmssuuvae TPIG dlvan -7 Nm

f]mmf(}fJ)= 67.738%
Total loss = 374W

A

/ f]m(”]'[) }1.113('(?]:) f](zsr(iﬁ) \
75.06% 95.96% 94.04%

P — TPIMos— P, MSCis 3 Poe P GSCiose ——— Pend
-1T60W 289W -871W  36W -835W 49W -7&_5()W
H : H v ; v :

v Y

A

[ Grid
L} @

THDv- 1.314%
THDi= 8.4580%
PF=0.9901

v
Torque v -
Control @-.-@ _“#}

Ns= 1500 rpmn
Ne= 1580 rpm MSC GSC
Y= -5323 %

U7 5.48 udenlapzunsunisasnieidsinivasssuudagniauas TPIG filnan -7 Nm

sU# 5.49 1Bugumrdudyanamas TPIG funsglvanianail -7 Nm 9ingunaudnyanuaziiiu
1 GSC annsamuaunszianIalvidnuuz Juguaduludnaiaiusswiunialufirnia 180 o
wsonsaiuwsany wazludiues MSC anansaaseusenuassaiuuliaunadeulviunain waain
NAN IMain 11U 3.6571 Ay WALUARIATH aux 1MUY 2.8615 A NTZUAVARIANGN IMain
NNINTELEVARIAESY [ au LaNTREluY T Tvan
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2024/03/30 16:49:02 Stopped
Edge CHT ‘History Formal
Auto 140 ¥ 25 62.5kS/s

2s/div
1.25MPts

Zoom1 t 7Tbm,

10ms/ciiv| 10ms/div
6.25kPts I 6.25kPts
LN /- o e / 7 \‘1‘
= X ,»"( N X N /',- N ‘V:!
9 el AR P
= ¥ W ATRINF I 4 \
e ‘W

gﬂﬁ 5.49 dysuuusanunsn (CHL) Vg kagnseian3n (CH2) ig nszuavaaanmian (CH3) Ivain Wae
NITUEUAAINLESL (CHA) Taux Veugaolmas 1500 rpm g TPIG dlnan -7 Nm

Normal Mode Peak Over Integ: Reset YOHOGAWA ¢
M7 @UrEmE  Scaling % - Line Filter® - Time  ——=-I—I-— p @ 50.015 Hz
M2 A5 I8Ta AYG = Freq Filters
GF:3
ZAGVIA)
600V [T
| 5A|

Sync Src:(01]

|
U2 " 60OV fumm)

|2 bA
Syne Sre:ud] |

U3 BOOVl

b [AITD)
Syne Src:(U]
_ FElement 4
U4 600V [

14 A [AUTT]
Syne Sre:[[E

r

LN

e oy 4 ___ Elementb
S e { P - Us 300V

5A
Sync Src:[5]

~ FElement 6

1000V
|6 50A
Sync Src:[ll

Motor
Spd 10V
e )

=b.

su

Y

5.50 &y 1odtksaruvnaInuan PWMwmain 99830La58 PWMau ATSLEVAIAREN 1vain Ay
NTLLAVARINLESL Taux LIIRUASALALATELENSATIAINNE 50.015 Hz

';;U‘ﬁ' 5.51 Wunan1snsraiauazinsnziiguainliiimisiiun3Ianuldivazszuy dawWiu
A& LIS NI AUTIRUNTA Vg TALT0LAB 24510 Vims NTEUANTA I 3.237 Apns HUFAWA
FENINNTLUALATUIINUNTA 1INAU 171.93 89A1 A2USENOUAAY PF JAWINAU -0.9901 €1nin
WBntloy
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Normal Mode Peak Over Integ: Rese YOKOGAWA 4
UIZuIudusuEsed  Scaling = Line Filter=  Time  -——— DU pLL:EE 50.017 Hz
MZEEIEEIE  AYG = FreqFilker=
change items CF:3
Order U5 [V] hdf[%] Order U5 [V] hdf[%] _ SA(3V3A)
fPLL1:US | 50.017 Hz | Total| 243.71 de [ ——— ——- 600V
Vs 1| 243.69 100.000 2 0.22  0.091 11 AR
3 0.55 0.297 4 0.03  0.011 Sync Sre:iil
Urmsb 245.14 V 5 1.88  0.773 6 0.04 0.017 U2 GO0VED
Irms5 3.937 A 7 1.78  0.729 8 0.03  0.014 AL
PS5 57857 KW o[ o061 0251 | 10 0.02 0.008 Sync Sl
S5 0.7935 kVA 1 0.90 0.371 12 0.03  0.010
[A0TO]
PF 05 -0.1114 kvar 13 0.76  0.313 | 14 0.01  0.004 lﬂa 5°2X
A5 -0.9901 15 013  0.052| 16 0.01  0.004 Syne Sre:(i]
5 D171.93 ° 17 0.18 0.075| 18 0.01  0.005 ___ Element 4
19 0.08 0.035 20 0.02 0.009 U4 60OV B
14 AR
THDy B Uthds 1.314 % 2 0.05 0.02]| 22 0.05 0.0¢1 Sync Src:)
I thdb 8.480 % 23 0.09 0.037 | 24 0.01  0.005 Floment 5
THD; [ pthds 0.019 % 2% 0.04 0.016 | 26 0.02  0.010 U5 600V
Uthf5 0.384 % 27 0.09 0.03%| 28 0.03 0.013 5. 1_%
Ithfb 0.735 % 29 0.05 0.019| 30 0.02  0.008 e
i A . = | ) . _ Element 6
Utifs 19 855 3 0.07  0.030| 32| 0.01 0.002 s
Itif5 20.607 | 33 0.04 0.017| 34, 0.01 0.004 6 50A
hvf5 0.49 % | 35 0.04 0.014 | 36| 0.01 0.006 Sync Src:
hef5 4538 % 37 003 0013| 38 0.00  0.002 Motor

Kfactb |~ 1.1288 394 . 0.00  0.004) 40| ~ 0.03 0.014 || Spd }gg
= PAGE: 5/ [ZIPAGEL] 1713 [

UM 5.51 wan1sinkaztAs1eiuseansnmnssuuvads TPIG dlvian -7 Nm

CaN

5.5.3 NISNAGBURATHANISIALAZIASIZIUSEANSASsuUInUaLATaanwla lWANEn1s
VALTHLUABUNE 6 1.2 PU

5.5.3.1 NISNAEBULATNANISIARAZIATISHUSLANTANSTUUIUALASDINL A LWANT
dn1svaweanaame o 1.2 PU Tuan1zliluan

U7 5,52 1unansinuas s eiseinaimee PAZ saiz TPIG egluaniiglilnan vihau
Tulwunasosrudaliirgremaslaing g Pe W MSC iU 126 W wuanusadanisnadiaidaly
Tnuae3osfudalniiazdaa windu 0.001 Nm %50 P fiA1Uszaaal 0 W.(39n583udnsua Motor
Function) wle TPIG 918 fdsladia Pe iu MSC luswialwmsadelos antotuaning Elementd
g1uA1 Pac Wiy 140 W uazandaliasaudoulearin GSC Jaudnia (Py) windu 167 W
LSITUNTA Vg 71 235 88V, NSZUANTA Ig WA 0.743 Ay U0820MEN indain WU 1.1293 A
WAZVARIALESY Taux WNAU 17796 Arme WBAEEWAREO TAux 2NN imain LENUBE
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P.

Normal Mode Peak Over
U2 U345 Ed  Scaling = Line\Filter=
M@EEEEETG  AYG = Freqfilters
Element 1_\ Element2  Flement3\ SA(3V3A)\ Element4_ | FElement 5» ‘™
YVoltage A 600V A BOOV A BOOV 600V
Current 4 5A A 5A A 28
Urms [V 1[4 281.61 | [ 372.12 400.06 | [ 351.26 || 600.14 235.88
Irms [A 1] 1.1293 1.77% 1.4318 | [ 1.4469 | [ 1.4163 %[ 0.743
P [W 1| -0.0387k| | 0.1649 | -0.3170k| =~ 0.1262k | 0.1405 0.1672K]
S [VA1| 0.3180k| | 0.6622 | 0.5798k| | 0.8966k| | 0.8500k| | 0.1753k
0 [var]| 0.3157k| | 0.6414k| | 0.4771k| | 0.9570k| | -0.8383k| [ 0.0599k| 4
A [ 1] -0.1218 0.2490 | | -0.5534 0.1407 0.1653 0.9534
¢ [* 1| ©9.99 G75.58 | | G123.60 81.91 D80.49 G17.56 2
fU [Hz 1| 50.056 50.059 50.056 Error 50.004 || g
fl [Hz 1| 50.060 50.058 50.060 100.11 49.998 ||~ Flement 4
Efficiency. Motor Funetion ’ l‘l,; sogx
71 Error | [%] Speed N 1.4989K] [rpm] ﬁJ Syne Srefl
79 111.362 | [%] Torque ! 0.001 | [Nm]  Element 5
73 118.990 | [%] Syncsp Ve 1.5017K [rpm] ﬂ Us GO0V
7 Error | [4] Slip jés 0786 | [%] ’ 0] Sy Srei
L
ot 0.0004 [w] Element 6
1000V
i 16 50A
19 Sync Srcl
= Motor
10V

JUN 5.52 namsinuariiassiuseansamssuutae TPIG Tuan1ielsivan

U7 5.53 annsuRdudanaRsiuIl GSC amnsanIuANnTekansn il nuasdusunauled
Ware AULSIAUAIAlUAANIY 180 B9AT3anTINULTIAY tagludiauves MSC @111508519Us 90U
aounanuuliaunatdauluaain

2024/03/30 17:20:24 Stopped
\Te CHT £ History [Normal
Auto 140 V 25 62.5kS/s

f 2s/div
t 1.25MPts

: Zoom‘ 1 ZThmz

I 10ms/div. i 10ms/div

| ! 6.25kPts ! 5.25kPts
i | i

5.53 sy 1aussasiun3a (CH1) Vg kaznsziansn (CH2) Ig nsziavnadnvan (CH3) Ivain Wae
NITUAUARIALETU (CHA) Taux VUzNBLADS 1500 rpmluang

o
=
=b.



Normal Mode Integ: Reset

MGG AVG = FregFilters

Peak Over YOKOGANA ¢
UIU2U3uansussed  Scaling ®  Line Filters  Time — -———— TTTITTOPLL :EE 50.024 Hz

=b

su

Y

11

CF:3

_ ZA(3VY3A)

600V/FuTD|
2A FITD)

Syne Src:lil]

u2

600V D]
A [FUTa]

Sync Src:[Ul]

u3

600V
A [F0T)

Sync Src[U1]

U4
14

____ FElement 4

600V [AuTo]
24 [RUTO]

Syne Src:[H

[y, e et SERI N it | et

us

w

=3
=1
=22

Syne $rciE

Element 6

16

1000¥
504

Sync Src
Motor

Spd

:

10v
10v

69

5.54 Yoy 0 ssunaInvidn PWMmain 90820LE31 PWMaux NISIEVAIAKEN 1vain LAY
ATYMEVARINLEIY Tayx BIIRUNSALAYNTEUANSANAIIND 50.024 Hz

JUT 5.55 tunan1snsaadiauardvaneiann wmindlameinun3Ianuinvaessuy dan1uy
Al lUganIaussiunia Vg MAnL5euse 235.88 Vi NTEUANTA ig 0.743 A, 3Us19N
FENTNNTERAUAZUSIAUNTAWIINY 17.56 83A1 AIUTENBUMNIAT PF 21AYAY -0.9534 W nin

@ 1
LNUBY

Normal Mode Peak Over Integ: Rese

U102@3uiosuesed - Scaling = Line Filters  Time — -—--—- e -

MIAMEMEMEG  AVG = FreqFilter =

YOKOGAWA ¢
PLL :l8 50.004 Hz

;—vch.i.ﬂﬂgeite[;-ﬁ"‘"v» R AN A A A AR T ¢ SC UL [F:3
Order U5 [V] hdf[%] Order _ US [V1 hdf[¥%] SAV3A)
:u5 50.004 Hz | Total| 234.39 B A - SO0V
s 1 234.37 100000 2 0.08  0.036 | 5A ]
| 3 049 0.209 47 003 0.012 || | Syne Srell
| Urnsh 935 88V 5 154 0658 6 0.02 0010 ol
Irmsb 0.743 A 7 219 0.9% 8  0.02  0.010 ©  pAmm]
P5 01672 kit 9] 057 094 | 10 | 0.02 0.008 Syne Srci
85 01753 kVA 11 077 039 A2 0.02  0.009
PE ’. 05 0.0529 kvar 13 107 0.455 | 14 0.01  0.002 i B
AG 09534 15 010  0.041 | 16 0.03  0.012 | Sync Sref]
® T eiLe || 17 0oT 009 A 0.01 0008 | "  Hewnts
' 19 009" 0.080 | 20 ~ 0.06 0.096 | 4 GUgX
THDy [ Uthds 1.533_% 21 010 0.045| 22 0.05  0.020 Sync Src:iil
I thels 22181 % 23 0.05  0.021| 2 0.07  0.0%8
THDi |Pthds 0.112 % 2 0.06  0.097| 92/ 0.08 E034_! *UE“’mQEB(?\,
Uthfb 0.463 % 27 0.04 0.019 28| 0.08 0.035 | 104
Ithfb 2.78_4% 99| 0.06 0.093| 30| __ 0.03_ 0.013 S el
Utifs 15565 31 0.06  0.02% | 32 002 0.007 — Element 6
Itifs | 79.746 990 0.05__0.020 | 3 000 0.00| T
hvfs 0.513 % 35 0.1 0.003| 36 0.01  0.006 Syne Sre
hef5 10.293 % 37 0.01  0.006| 38 0.02  0.007 Motor
Kfacts | 2.7290 39 004 0017 40 0.01  0.003 Spd 10V
EPAGE] 5/11 [IPABEL] 1/13 v

CaN

UM 5.55 nan1sinnasiasieiussansnmssuuane TPIG Tuanizlslvan

5.5.3.2 N1SVNAEUNRAZHNANITIALAZIAATIZUTZANSAINssUUTnuALASaIn 1 da WA
n1synLveuINyaFaUWE ¢ 1.2 PU Yaueillvian -3 Nm

U7 5.56 Wunansiauaziiasgilszdnsnimee PAZ valz TPIG vihaululuuaiesesriile
Tdremaglniln Pe Wau MSC windu -322 W wuaussdansnafifidalulnuainiosniialvidig
A LAY -3,004-Nm 138 Py HAUWINY, -484 W v lingau10Usz@ns aawu e TPIG. (76) Uadgid
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vihfiduedesiudaliiindawindy 66.45 % i Mdssugads Totals Windu 162 W iile TPIG
18 Mdslaiin Pe s MSC Tufadalwnsadenlos :1nvosuaniua Elementd s1uen Pac liviniv -
303 W datiutsAnEnnees guse SAiIfU 94.2529% fdagads MSCloss winfu 19 W uazain
Talwasadoulown GSC Joudn3n (Pyig) Winfu -272W Usz@nSan nesc Wiy 89.836% fda
A\ GSCios WU 31 W nagapdeminvesneuiedinesiiiuviniy 50 W uazUszansninsiuia
SHUY 1o WU 56.266 % fdsaaudeiiann Totales Wiy 212 W 9indeyadnafuanunsaifen
Huudenlaozunsunis dedneiaalulihandufdsdiu Pr lUden3a Py Iéfaguil 5.57

Normal Mode Peak Over Integ: Reset YOKOGAWA ¢
2 uuausuEsed  Scaling Line \Filter Time | -———- IS UL :EE 50.000 B
G Is

2P AJG = FregFilter
PAGE|

Element 1 Element 2_Eleme'nt§_'_2 A(3V3A)_\ _Element 4 FElement 5* 243A)

Voltage A BOOV. A_BDOV T 1 60OV ( soavw

Current br! A \ 5A 164

Urms [V ] 4 202.68 | |4 381.39 | | 407.41 | | 36049 || 600.87 24051

Irms [A ] 2.1784 2.2107 1.7147 | |\ 2.0346 1.9665 1 1.156

P [W 1| -0.9654k| | —0.0560k | -0.5041k \ -0.3219k [ ~0-3034k| |_-0-9775H g

S [va 1 0.6376k 0.8430k| 0.6986k 1.2582k| | 1.1816k 0.2782k ||
[var]| 0.5797k| | 0.8413k| | -0.4836k] | 1.4210k| = ~1.1490k| | -0.0559K

Q
A [ 1| -0.4162 || -0.0670 || -0.7217 | | -0.9568 | | -0.2568 || -0.979
® [ 1! G114.60 693.84 | | D136.19 104 .82 | | D104.88 || D166.40

»

U2 600V M)
bA @)
Sync Src:[01

Sync Sm: o

fU [Hz1 50.003 50.006 50.004 | Error || 50.000
fl - [Hz 1 50.000 50.014 50.022 [ 99,935 50.006 i—  Flement 4
Efficiency Motor Function . Lf" Gng%
7 Hm 66452 | [%] Speed N[ 15397k [rpm] 8] Sync Sre:
n2 HaSC 94.952 | [%] Torque T: -3.004 | [Nm] ") Plement5
73 Hase 5089 | [%) Syncgp N 1.5001K] [rpm] > Wi
74 Frotal 56.266 | (%] Skip %S -2.637 | [%] :10 Sync Srcds]
Pm ) -0.484K] W] 7 Blerent
rlij L1000V
3 16 504
Sre
12] Sync Src:ll
= Motor
=L 50 10V
a_ 1ov

JUN 5.56 nan1sinuayiinsigiusya@nsamsyuuvay TPIG dlvian -3 Nm

Meow! (]’,): 56.27%
Total loss = 242

{ 1ulp7) () Hex(n3) \
66.45% 94.25% 89.836%
Pir=» TPIMiw— P, 3 MSClss 3 P =¥ GSClone{ e Lric
-A84W - 162W -322W 19W -303W 31w 272W
s Q) ~j v g v s

v > A

‘ v N I i Grid
Torque v = ALY ( )
Control @-..® -IQ F I

Ns= 1500 rpm TiDv= 1.586%

Ne=1539mpm  MSC GSC THDI= 15.016%
%s=-2.637 % PF-0.9796

3UN 5.57 vienlaezunsunisdanieidsinivesssuudndniavae TPIG dlvan -3 Nm

sU#l 5.58 1 Tugumdudyanamas TPIG Sunsglvanmanail -3 Nm 9ingunaudnyanmaziiiu
1 GSC anansamuAunszuanaliiidnuuzdusunauledimasafunseiu n3luianis 180 osen
wsonseiunssiy wagludiuves MSC anunsaasisussiuasawlanuuliaunadoulivaain vaain
AN Imain WINAU 2.1784 A WAEUARIALETY laux VU 2.2107 Agps NTEUAYARIANAN T Aux
WINNIINTEUEVAIALESY, Ivain LaNTToeTUY 97T van
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2024/03/30 17:25:39 Stopped
@e CHT + |Hi5torv Wormal
Auto 140 V 25 62.5kS/s

g f f 2s/div
t 1.25MPts

7Hm?
10ms/div
6.25kPts

Zoom
10ms/div
B.25kPts

H

I
¢
A

gﬂﬁ 5.58 daysuauusasunin (CHL) Vg daznseuansn (CH2) I nssuavaainnan (CH3) Ivain Wae
NITUEUARINLESL (CHA) Taux Veugsowmes 1500 rom el TPIG dlnan -3 Nm

Uil 5.59 1 0unanisnsaninnariinsiziqunanliiinisdaund anuinvagsyuy dei
maslniluganiaussiunia Vg ﬁf\;m%ma 240.61 Vime NTZHEANTA g 1.156 Arns Jus19LE
FEWINATEUALAZLIIAUNS A VNV 168.40 p3A7 FaUsznaunas PF daAvivu -0.9796 1Uniin
W@niag

T RGNS T Suokg & Lo Fler® T ekl e e
IZET0SIELS  AVG =  Freq Filter: )
S NS I ATAT AT AT A = = CFi3
L Order U5 [v] hdf[¥] Order U5 [V] hdf[%] | ZA(3V3A)
fPLLA:US [ 50.000 Hz | Total| 239.23 &P == | e
(17239220 1100000 | 11277 G20 0084 | | 1 mﬁ
. 303 0444 rf— 0.08 0,013 | Syne el
Urn:;S 240.61_V S| 161 0.675( 6/ 0.2 0.008] v (Gvalh
% 1rmsh 1.5 A TI[ .07 065 8 004 0.017 2
Ps 70975 WY o[ 0.1 .95 40| 0.01 0.006 Sme Sy
85 02782 RVA | A1) 0.89 0.372| 12 0.05  0.022
05 ~0.0559 kver | 13| 1.0 0.424 | 14| 0.01 0.003 N —
A5 -0.979% 167043 0.085| 46 = 0.02 0.008 | | I Sme S
|0 [ D168A0° | ;47T 007 OF3). 487 012 0.050 | - Elementd
, 19 037 0.068 w20 T0.38  0.160 1 P ﬁﬂg
THDy » Uthds 1586 % | 21|  0.09 0.0%8] 2] 0.2 0408 | | smescm |
Ithd5 l 15.016 % 23 0.06 0.09%5| 24| 037 " 0.1%% .
THDi [ pihds 0.052 % | % 004 0.016] 2| 0% 09651 '—UE'B"'GEEO‘{,—
Uthfs | 00684 % | 1/ 27]] 001 _0.046( ‘%[, 0.3 0443 104
Iths |75 %| 291 Tt [0.000] 30| 0.0 0.00 Sme o8
Utifs | 95.700 3 0.04  0.015| 32 0.01  0.004 ST
Itifs | 63.657 | .33 0.07 0.027| 34, 0.05 0.019 | 5 50A
hvf5 0.502 % 3% 0.05 0020 36| 001 0.005 Syne Sl
hefs 7.683 % 37| 0.4 o0.018] 38 0.01 0.005  Motor
Kfacth 1.7577 39 0.12 0.049 40| 0.02 0.010 l Spd 10V
EPAGES /11 EPAEE 1713 1w

UM 5.59 nan1sinuazliasgriuseansamszuuvne TPIG dlvan -3 Nm

5.5.3.3 N1SVNAEUNRAZHNANTITIALAZIAATIZUTZANS AN UUTnuALASaIn 1 da IWHA
n1syaLvguINyuLFauwE ¢ 1.2 PU vaziiluanfinia -5 Nm

JUT 5.60 \Junan1sinuazinsziuszdnsnimeng PAZ vauz TPIG viululnusiasesiiuie
T91mdeiil Pe 6 MSC iy -599 W nuanussdansnaninalulnunasesiialiiiog
A1 Windu -5.051 Nm %38 P dAWIAU -827 W vinlinsauinuse@ndninees TPIG (776) Veuzyi
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viniduedesiudalulidauindu 72.401 % 7 Mdsugayde TPIG witdu 228 W ile TPIG
18 Mdslaiin Pe s MSC Tufadalwnsadenlos :1nvosuaniua Elementd s1uen Pac liviniv -
575 W dstuusvAnBnnues pusc SAWTU 95.98 % fisanids MSCis Wity 24 W uazantia
TWasadonleaniu GSC Youdnnga (Pgra) Windu -535 W Us¥ANEAM 7esc WINAU 93.045 % fds
A\ GSCios WU 40 W nsgapdeminvesneuiedinesiiiuviniy 64 W uazUszansninsiuia
SHUY 1otal WINAU 60.657 % rdsanydesianun Totals iU 202 W arndeyatneduanansaideu
Huudenlaozunsunis dedneiddlaihanduidedu Pr lUdindn Py Idfaguil 5.61

] [
T
i ifes: Reset YOKOGAWA Vs
Ged  Scaling Line \Filter g | =-—==l==i-- .
T AVG = FreaFilters ] o 5f°'°°3
Flement 1_\_Flement 2___ Elamems . SA(V3R)\ Flement4_ | Flement 5> B "
Voltage A_B00V4 \ r “F'U'!’-"_1g| )
| Gl
Urns [V 1| 296.55 1 1y 384.70 | | 410. 02| | 363.76 | [ 60104 [ 243.53]
irns [A ][ 3.0014 ? 607 |2, 3892 | {1 2.6814 641{& 9201
P[] 042 -0.6933k} | -0.5985k ~0.5315H L.
s a1l oot [ 1 UDS?kl. __0.9767k|-| . 1.6667K| [ A !n8!8|< [ 05408k
0 [var] i T0.7981k {0.9923K] | 0. T5?0k 1.7904k| | -1.4802k| | -0.0823k 4|
Ly . 04657 | | ~0.1770 | [ =0.638 | |~ -0.3691 0.3618 | [ -0.9884
Y 4 'J G117.76 | | 6100.20 | | D129°65 || 111.05| | oift.21 [ Drim.o5 |2
U e ]| 49.998 | | 49.998 | '__43_99_” |_Error || 50.003 fg)
fl [Hz 1| 49.997 | | "49.998 | | 49.995 ["100.087 | 50.003 |
__ Efficiency . _ ¥ Motor Function .
'm o [ T2A0T %) I speed -~ | N 1.5630K] [rpm]
M sl (%) Torue | T0 5,061 | (]
73 e %] { | svmesp | Wi 15000k} [rpm]
7 Hroual % | | sio %S 4,906 | [%]
Pm Pr -0.827k| (W]
d
E‘U‘VI 5.60 Nﬁﬂ'ﬁ?ﬂLLa‘“’JLﬂﬁﬁ”ﬂﬂ'ﬁ”ﬁ%ﬁﬂ’]Wi“‘U‘U“Umu TPIG lITMaﬂ -5 Nm
it (14) = 64.66%
Total loss = 292W
/ e Raasc{172) Hase(13) \
72.40% 95.98% 93.05%
Pr— TPiMus—p P, MSCis 3 P = GSChss ——— P
-827W  228W -590W 24w -575W 40w S535W
VSai | v v ]
i Y 53 ALY P
i ¥ [ i Grid
3 \ 4 v
Torque T 1 . | A ( >
Control
Ns= 13500 rpm [HDv=1.523%
Nr=1563rpm MSC Gse THDi= 10.269%

Yos=-4.206 % PF=10.9884

JUN 5.61 vdenlaezunsumsdeinemasinfinvesssuudigninvae TPIG flvian -5 Nm

U7 5.62 1usumdudynnamas TPIG Suaisglvanmanadl -5 Nm 9insunaudnyanazii
1 GSC annsnmuaunszuanialifidnuuziusuaauledinasiaiunseiu n3eluiianis 180 s
W3enseiuLTIny wagludives MSC anunsaaiiaussiuasavavuuldaunaleoulvivnain vaain
AN IMain MM10U 3.0414 A WASVARIALASN Taux L10U 2.6207 A NSELATARIANEN IMain
innINTzLAYRAILETH Tau WanTeeluiivan
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2024/03/30 17:30:44 St

wewo (11 o 12 2”3 &n” 14 2n "  |avto 130 v 5| 62.5k8/s

f =
/

\

b Y

b §
K
N
7
N

i d

N/ ./ s R oA \./ N N | T TN, A

3UN 5.62 oy 1auisaiunia (CH1) Vg lagnszuanin (CH2) Ig Aseuavnainndn (CH3) ivain ke
NITUEVARINETN (CHA) Taux Vedzuow@as 1500 rpm g TPIG dlwaa -5 Nm

Normal Mode Peak Over Integ: Reset YOKOGAWA 4
2 EEEd  Scaling #  Line Filer® — Time — ———— TTTITTOPLL GEE 50.018 Mz

MRAEMALBIENG  AYG = FreqFilters

CF:3
ZA(3V3A)
GO0V [ADTa

11 5 RUTD)
Sync $rc:(il]

U2 G0OVAuD)
[ADTO]

¢ 2 bA
......... : Syne Src:[U1]

U3 BOOVEIm
| 5A 0T
Sync $re:[ui]

___ Element 4

14 54
Sync Src:[[{

_ Flement 5
Uus 300V
o 54
Sync Src:[1§

___ Element 6

16 50A
Sync Src:[I8

- Motor
Spe 10V
10v

=b.

su

Y

5.63 &Yy odtk59suvnaInuian PWMwmain 998201838 PWMaux NISLEVAIAKEN 1vain LAY
ATYLEVARIALESY Taux BIIAUNSALAYNTELANTANAINUD 50.018 Hz

U7 560 1Tunanisnsiniauaziinsziquninliiinissiundanuitvas sy deiu
MaslinluganTausaiunin Vg A9ailouse 243.53 Vo, n550aN3A Ig 2.221 Ar aisinaiila
FENINNTLUALAZUTIAUNTA WU 171.25 83am1 fArUsenauiias PF dAwviniu -0.9884 1wt
dintley



Normal Mode Peak Over Integ: Reset YOKOGAWA ¢
UUZ0sudUsuslsed  Scaling = Line Filter=  Time — ——:1— U7 PLL :EE 50.003 Hz
MI2MEIEEE AYG = FreqFilter=
change items CF:3
Order U5 [V] hdf[%] Order  US [V] hdf[%] ZA(3V3A)
fPLL1:U5 | 50.003 Hz | Total| 242.03 L I — 00V
1| 242.00 100.000 9 016  0.067 1 5A EITD
3 0.54  0.204 4 0.03  0.012 Syne Sre{)
Urms5 243.53 V 5 175  0.723 6 0.02  0.009 U2 GOOVEID
Irms5 2.021 A 7 200 0.8% 8 0.04  0.017 GA BT
P5 05345 kif 9 060 0.248| 10 0.02  0.008 Sync Sre(u]
55 05408 kVA 11 0.8 0365 12 0.02  0.007
-
5 -0.0823 kvar 13 1.06 0435 | 14 0.01  0.002 Lﬁ ‘“’EX
A5 09884 15 0.09 0038 16 0.0 0.005 !
5 DI71.2%5 ° 17 0.23 0.09 | 18 0.07 0.030 _ FElement4
19 010 0.040 | 2 016 0.065 U4 600V D
- 5 [ 593 9 0.0/ 0.031| 2 0.0 0.040 14 DATID
THDy [ Uthd 1.523 % 1 . -031 - -04 Sync Src:il
Ithds 10.269 % 23 015  0.061 2 011 0.047 Floment 5
THDi | ptrds 0.019 % 25 0.02  0.007| 2 010  0.039 us Boov
Uthf5 0.495 % 97 0.09 003 | 28 012  0.048 oo
Ithfs 1114 % 29 0.06 0.019] 30 0.02  0.007 yno Src/ig
Utifs 17.418 31 0.06 0.024 39 0.02 0.009 — E'e'"%gv
Itifs 31.747 33 0.04 0018 34 0.02  0.007 . B0A
hvf5 0.509 % 35 0.05 0.0 38 0.02  0.010 Sync Sr:lill
hefh 5419 % 37 0.03 0.010| 38 0.01  0.006 Motar
Kfacts | 1.9549 39 0.06  0.0%5 | 40 0.00 0.002 | Spd 10V
EPAGEE] 5711 EPAGER] 1/13 1ov

JUN 5.64 nanisinnaglinsisiuseansamssuuna

a

TPIG $ilan -5 Nm

74

5.53.4 mwageulazkan1iawarlinssiussansanssuuTnaaaSasiufialniag
finnsvaeuanyudauna o 1.2 PU vazdvaailiiufifn -7 Nm

U7 5.65 1unamsiauagilasiseansnniie PAZ vaig TPIG viaululvmiedesriude
TWihgrefdaliiin Pe k1w MSC Wiy -878 W nudnussdansnadindalulnunwdaadndinlniez
A1 WY -7.026 Nm %50 Py HAUMIAY -1168 W 9Ilinsiuinusz@nsnmaes TPIG (776) vauzyin
winiduedestudalihddiaiu 75,197 % § MANugyds TPIGK Wiriu 290 W iile TPIG
F18 &slaih Pe riu MSC Wdsalnnsadenlas aindeuanina Elementd 81udn Pac Miviiu -
847 W fstiudsyAnBamees msc SNy 96.469 % mdsands MSCos VAU 31 W uazan
Talwnsadonlpasiu GSC Jamdn3a (Pgra) Wity 797 W UsBWBAM yesc WU 94.065 %
maqamaa GSCloss LYY 50 W mﬁamLaasamaaﬂaunasLmaimmmwmJ 81 W wazUszansnw
immi UU 7total BVINAU- 68.235 % mammawwm Totaliess L1110 371 W mﬂ%ama“uwmu
awnsalswduvionlaozunsunis mmamaﬂﬂﬂwammun*m% Pw U803 Pgrig lmmgﬂ‘m 5.66
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Mormal Mode

Element 1 Element 2 Flement 32 A(3V3A)
Voltage h GOV A 60OV ]

Urns [V 1|4 298.90 | [y 385.88 | | 412.42 | | 366.07

trns (o 1| 40142 |[ 3.0672 ]| 3.2062 | [\ 3.43%5 | | 34368 §

[ LI 0. -0.7431k| | -0.8780k| [ -0.8470k]

S [VA 1| 1.1998k| | 1.1828K | 1.330Bk | 2.1438k

0  [ver]| 1.0478K| | 1.1458K | -1.1037k | 2.1936k| | 1.

A [ 1] -0.4872 || -0.2481 | | -0.5685 | | -0.4096 | | -0.4101

® [* 1| G19.16 | | G104.37 | | D123.95 | 114.18 | | DI14.21

fU [Hz 1| 49.998 | | 49.998 | | 49.998 | Error || 49.998 |

fl Mz 1| 50.004 || 50.000 || 50.000 | 100.00 | | 49.981 | Element 4

Efficiency. Motor Function 3 4 G°$=

m m (%) Speed N, g |L—Sime Sl

(] Haust [%] Torque I: " Element

n3 Hest %] SyncSp Ns g/ us EO$

M o %] Slp %S o_sne ol
i L ' Flenent 6

11| 1000V

0
Vo6 Vsoa
= Sync SrclB
2)

=

i
_ Motor
Spd 0V
1. 1

JUN 5.65 nan1sinkariinsignysyansamssuutae TPIG dlvae -7 Nm

Huna {14)= 68.24%
Total {oss = 371 W

AL

/ 1) el 7)) Hse(3) \
75.19% 96.47% 94.07%
Pr—» TPIMov—p P, 3 MSCios » Pug =P GSCrs ———» Paria
-L168W 200W -878W  3IW  -347W S0W 9TW
: 2 v i : :
v Y
% I ¢ Grid
Torque _I ;"; | _4._N\/\'_®
Control

THDv= 1.689%
THDi= 7.939%
PF=0.9900

Ne= 1500 rpm
Nr= 1387 rpm MSC GSC
Yos— -5.804 %

JU 5.66 Uionlnezunsunisasdiemdsiniivesseuuidngniavae TPIG flvan -7 Nm

guﬁl 5.67 Lﬁugﬂﬂ?{ué@mmmm TPIG Sunnselmanmienadl -7 Nm mﬂgﬁﬂ?iuﬁ’@mﬁmmﬁu
11 GSC annsamuaunszuanialiddnvaztusUnauledinlarisduiseiu ninluiianis 180 eam
Wsonsaiuwsaiy wagludiuves MSC anunsaasaussruaesaiuuliiaunadeulvunain vnain
BN IMain bY110U 3.797 Ams RAZIRAIALES Y Taux b¥I10U 2.915 Arms ASELAVAAIAREN IMain
INNINIELATRRINESH iaux tanteelutieiifinan
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2024/03/30 17:37:16 Stopped

Edge CH1 ¥ ‘Hiﬁtnry Iﬁnrmal

Auto 140 ¥ 25 62.5kS/s
T 2s/div

1.25MPts

Zoom1

Z8hm?
10ms/dliv 10ms/div
b.25kPts 6.25kPts

L sf b f \\‘ 'y-q.'\ ,“n ) r’F:.\s} / \\ "f.i”x( N "ﬁ:\v AN
=y SERSPT ENER p— - . X o
b NS é N AR ZEEEEER) N N N N .
A 7
! i 4 am,y _ .\, i NS
- po / N 4 Y
= b ™ M F ] 5 / i
Vai%uy. e, .

76

5UN 5.67 druaynauusssiunia (CH1) Vg uazgnssuanin (CH2) g nszuaunadavan (CH3) ivain bay

NIELEURRIAESH (CHA) Taux Veuzuomas 1500 romesug TPIG flvan -7 Nm

JU7 5.68 1 0unan1sasaatauardasiviaaninliianissiaunIanuitvaessuy deiny
mdsliirlugansaussdunia Vg N9aL8eusa 244.77 Vs N35HAN3A Ig 3.288 A Hu619LE
FEWININTLUALAZLIINUNSA WU 171.91 89rn FUseneufIay PE da1any -0.99 Wwitidniee

Normal Mode

[ chonge items

Peak Over
o) P 5 I

Order . U5 [V hdf[%]

243.97 |

:U!‘; [746.998 Hz | Total |
Vs 118, & 1 243.24 100,000 |
3 1 0.66  0.273 |

EL‘Urnss W4TV
IrmsS 3.288 A
P5 ~0.7957 KN
85 [ T0.8047 kVA |
05 -0.1133 kvar
LPER
¢ | o9t o |
THDy  Uthds
IthdS
THDi Petnas [ 0.008 % |
Uthfs | 1.017 % _
1thfS1, [ 0.734 X |
Utifs | 45.882
Itifb 20.564
hefs | 0.519 %
hefs | 4.279 %
Kfacts | 1.1507
EPAGES] 5/11

1.73 ‘o,m_‘
2.01_0.8%
0.967 |
1] 0.85 0.351
13( | 0.83 _ 0.341 |
15 0.15_ 0.060 |
1707024 0.097

19 0.4 0.057
21 " 0.08  0.031]

23 015 0.061
25 0.05 0.020

91| 0.09 0.0
29| 0.06  0.0%6 |
30 0,06 0.024 |
33 T 0.06 0.095 |
35, 0.04 0.018 |
3, 0.07 0.099

39  0.31  0.128 |

Scaling = Line Filters  Time

integ: Reset

Ia1 |
de [ -===—=. -
2 10
4l
6

0.014 |

121 0.3 .
[, 0.03_ [0.012]
16| 0.03 0.011
197047 0.010

20] " _0.51 _0.209 |
220 0.25  0.101] |
L7038 0160
% 0.5 _0.104 |
28| © 0.45 " 0186 | |
30| 0.08 0.034] |
32 0.03 0011
3 0.0 0.02
3|  0.06 0.023
38 003 0.013
40 007 0.029 ]

[=Pacel=] 1713

YOKOGAWA
PLL GHE 49.9% Hz

=Y IO

(- ZA(V3A)
| 600V
DA @ITHH
b Sync Srcln)
l U2 Boov
5A
Sync Sreln]

U3 600V
BA|

Sync Srclill

Motor
Spd 10V
10V

3UN 5.68 Han1sinuagiATeiusEanSamszuUIe TPIG dlvan -7 Nm

5.6 WiguLfiguUssansnInuassuuszndelsniunsuinvaeyuiaums o

PNKANTNAGOUVBINITUINTALLENY 3 USinadluiiade 5.2 WetndIsuiisuanunsanen

fsaneuanzlvanlandl
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5.6.1 WalSsuisuUssansninvawnsasninlwinvuzinaunaniazidivan

na3suLfisufemsned 5.1 wuimsiauseseiestudalwilvisaasinashldnssudly
vaaavdnuazvaaataiuuansnaiy Tnsluanngliivannsuinuaieyudeud 1.0 PU nszua
yaaandnuazuaalntasuiiviualndifssiu msvanvaweyadeui 0.8 PU nszuaunaanan
unniunmeLasdntesuarmsuINvAeIIdeUT 1.2 PU nszuauaaniaiuannninunainndn
éntloy

AN57199 5.1 WSeuisunisimasvaansaeninlWinveinaunaniaglilvan

W15A03 6 1.0 PU (=0.4081) 5 0.8 PU 51.2PU
uselnlvian To 0.071 Nm -0.046 Nm 0.001 Nm
ANSIN19Na P 11W W ow
WesiGudaau %s 0.118 % 0.187 % 0.186 %
ANuSBslasa Ns 1501 rpm 1502 rpm 1501 rpm
AnuSlsines Ny 1499 rpm 1499 rpm 1498 rpm
sl Pe 114.5 W 113.2.W 126.2 W
maalivalnnss Poc 130.2 W 129.7' W 140.5 W
M&slniI7in3e Pyri 156.1 W 156.8 W 167.2 W
NTLUAVAMIAREN IMain 1.4683 A 1.9052 Arms 1:1293 A
NITUAVAAIALETL aux 1.4941 As 1.2595 Auvs 1.7796 Ams
fuszneun1ae PF 0.9494 0.9478 0.9534

5.6.2 nawSsuiiisuuszansnmvsnazasiiinlwinzieuiivanludiin -3 Nm

AU UTIBUSIm3e 5.2 nuimisiheweaniosiiin e Sinaadeiideing 9
uaznszudlunmavdnuazuamInLE AN Y Tnensiguiiluan -3 Nm MsuInTavesLidey
7l 1.0 PU a¥1smasliihinianazmdsliivalnasdduniiaauagiiussans nmlaesamanniian
nszuavaaavdnuazynaaasLiiUTIalngifsetu nsuinualvesmidoud 0.8 PU uagn1uIN
yawenudeud 1.2 PUadnmasliihiniauazidslnidvalsseldlndifosiu Ussansaim
Tngsnilndissiu nszuaunaanndnuesnisuInvaemaeuil 0.8 PUsnnninvnalaLasundntion
Tumanduiu mMsvaeLae U 1.2 PU.nszLavnaaI s Tz LaYnaavanLan oy
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AN5199 5.2 1WSsuigunis1inesvaunsaenin lWinve it unuanlunng -3 Nm

w1583 TPIG 4 1.0 PU (=0.4081) 5 0.8 PU 6 1.2PU
ussOnlviam TL -3.010 Nm -3.003 Nm -3.004 Nm
18911198 P -486 W -483 W -484 W
wWasifunaay %s -2.642 % -2.368 % -2.637 %
ANuSITalasia Ns 1501 rpm 1500 rpm 1500 rpm
Anuslsines Ny 1540 rpm 1536 rpm 1539 rpm
maalniln Pe -342.7 W -324.9 W -321.9 W
mMaalnidalnmss Ppc -321.8 W -302.6 W -303.4 W
M&slnifin3a Prig -291.0'W 2723 W 272.5 W
Usg@NSAN 7Jm 70.566 % 67.264 % 66.452 %
UsEAMEA N 7vsc 93.893 % 93.147 % 94.252 %
U325 7esc 90.440 % 89.962 % 89.836 %
Usz@NS0N Mota 59.922 % 56.365 % 56.266 %
NILUAVAAINNEN IMain 21963 Ars 23444 A 2.1786 A
NITUAVARIALATY T aux 20356 Anps 1.8533 Ans 2.2107 Ams
fusznaunae PF -0.9820 -0.9792 -0.9796

5.6.3 NalSeuguUsEaNSAvaAsaenialiin vzt unluaaiinm -5 Nm

naSeuidieuiimseil 5.3 nuihnisieusenaIesrdnlieiianysunaadh g i
e q uaznszudluunaavdnuasInaIAlEs LAY Taensviauiuan -5 Nm nsuangaue
yadeud 1.0 PU a¥eihaslwihinsawazmaslmihndalinssleuindaauazduszansnmlno s
wnitgn NIzLavnmamdnnAnIaaInEEIEntes MsuInvaeLIEoui 1.2 PU aeiidsluiih
Andauazidslvlihavalnasdlfunadiinsuinaisesaideud 0.8 PU idntios Useavsanlagsom

TndlAssiu NTzLavRaInNan AINNIVRARLESLLANT DY
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A15719% 5.3158UigUN151n3vaA 9N LA lWHNYE it unluaniing -5 Nm

w1583 TPIG 4 1.0 PU (=0.4081) 5 0.8 PU 5 1.2 PU
ussOnlviam TL -5.025 Nm -5.000 Nm -5.051 Nm
18911198 P 823 W 815 W 827 W
wWasifunaay %s -4.280 % -3.826 % -4.206 %
ANuSITalasia Ns 1500 rpm 1500 rpm 1500 rpm
Anuslsines Ny 1564 rpm 1573 rpm 1563 rpm
maalniln Pe -638.6 W -594.8 W -598.5 W
mMaalnidalnmss Ppc 612.2 W -566.4 W -574.5 W
M&slnifin3a Prig 571.0 W 5275 W 5345 W
Usg@NSAN 7Jm 77.594 % 72.938 % 72.401 %
UsEAM5A N Ivsc 95.867 % 95.223 % 95.980 %
Uszansam 7esc 93.262 % 93.146 % 93.045 %
Usz@nS0 Mrota 69.374 % 64.694 % 64.657 %
NITUAVAAIANAN IMain 3:0172 Arros 2.9144 Ay 3.0414 A
NITUAVARIALETY Aux 25016 Ams 284,58 Al 2.6207 Arms
fusznaunay PF -0.9884 -0.9875 -0.9884

5.6.4 WanSauWisuUssansnimvewnsasnudaliiivaziisunlvantiunng -7 Nm

naSeudlauimisnsd 5.4 nuinisievonasasidaliiaduUsuaaeadhamdalih
e q uaznszualuunaIandnuazUAAIAIESILANEaiY TaensieuiAluan -7 Nm nsuInaue
yadeud 1.0 PU aemasliihiinseuazidslwihidalinsslsuniigauasduszdnsnmlno sy
wnitge sesamndumsuinuaweidouil 1.2 PU adaidsliininiauagidsiniiidalvinge
uazUszansnmlassuannnImsuInuawesud oudl 0.8 PULEnTeenayiinszuavaainndn
WINNIAAIALESULAN Y Y
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A1519% 5.4 WSeUigunis1masvaansaaniiin lWinvasinaunluaniunnm -7Nm

w158mes TPIG 6 1.0 PU (=0.4081) 5 0.8 PU 5 1.2 PU
ussnluian To -7.010Nm -7.010Nm -7.026Nm
AN8IN9Na P -1164W -1160W -1168W
wWasifunaay %s -5.606% -5.323% -5.804%
ANuSITalasa Ns 1500 rpm 1500 rpm 1500 rpm
ANuslsnes N 1585 rpm 1580 rpm 1587 rpm
mMaglniln Pe -879.9W -870.6W -878.0W
maalnidalnmnss Ppc -847.9W -835.5W -847.0W
slnihginga Pyrig -798.2W ~785.7W ~796.7W
UEANSNIN 75.622% 75.064% 75.197%
USEAYBA N 7vsc 96.358% 95.961% 96.469%
Usz@nSan 7asc 94.135% 94.039% 94.065%
Us¥aNEAN Trotal 68.595% 67.738% 68.235%
NILLAVARIANREN IMain 3.7490Arms 3.6571Arms 4.0142Arms
NTLUAYARIALATL TAux 2.9326Arms 2.8615Arms 3.0572Arms
fusznaunay PF -0.9721 -0.9901 -0.9900

5.6.5 WaSsumisuni1aslninnnsadalunanvanasaaniinlinanuInsnLse

naLUSEULIBUA M 5.5 Wumssvewasasiulalwihiimms3adasda 1500 rpm
PeauUsUIUNSALeEs 198 lininS ale wanen9iu TneRn1suInTae 100% a31amaalndi
=1

n3alaunantunnlrannisiinu wWieteaiansmianiauduiussenindvannisvinnusie

[

Adslnihndelassgud 5.69

AN519% 5.5 WSsuwisuniastiiannsavawasasnuialidlafiluas -3 Nm 89 -8 Nm

IraAn1svinanu 51.0 PU (=0.4081) 5 0.8 PU 5 1.2 PU
-3 Nm -291.0° W 2723 W 2725 W
-4 Nm 24381 W -412:4 W -396.3 W
-5Nm 571.0 W -527.5 W -534.5 W
-6Nm 7283 W -649.8 W -658.2 W
-7TNm -798.2 W -785.7 W -796.7 W

-8Nm -9229 W -931.3 W 917.2 W
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Grid Power (W)
-900 -800 -700 -600 -500 -400 -300_

~"1-3.0

- §=80% : 5

C—8=100% 3
--8=120% 4.0

4.5
5.0

X -534.5 X -527.5
Y5 Y5 5.5
-6.0
-6.5
-7.0
-7.5
— — 8.0

Mechanical Torque (N-m)

JUN 5.69 n3mluanspnuduiussyninemasliihinaselvaniiaausa 1500 sou

5.7 dyuwan1snagauszuuniiieue

auteulanmesevszuudsidslitinvennissinialyliintonhaenlavialtaunns
Tago1dan1sTunedgyg il SVPWM ﬁlﬂamm%mﬁaﬁm?wﬁuﬂa Iauvaduussiiugesnis
finsanusazAILYDIIEUUReE 1) NavndeUANT T TlAinUBensAUANLULLINLABST
Anaseudalastia 1,500 rpm LlenaaaumMsIauswiuvesnounefinesmunuie3aailn
i1 (MSC) uazmoulesnefidendenia (GSC) 2) mimaaumimmumeﬂ%ﬁaama”aqﬁ’u
szuumuAuaunalsineimedeniianLElsmes 1,500 rpm lenisiudsuidsdunnnisnaain -7
-5 wag 3 Nm LilenmasuszUUAMUANYeITEUULE ol MIlUAguLUs Ry IainTuRN 3) ANg
nageUNIRIUANLULAT AT AdeBuAnIINa aInAsT -5 Nm Ingnisivasuanuniilsimesan
1,500 1 1,200 “Wag 900 rpm 4) MsnadeUNEWABLUAIsMBA A AsyN B ueS
ve9UnaInnenIsaai1dslniluddnIn NISAABUNIHITL IS UUATIN IANDUANDINTTTIABA

LSI0AN19INA bR RYNLYTLENT AN NIFEUINNSAsULY AL UUlAUN T ndveasaTnn19nantau

a

Truwesasmfalniduniortraswnavdnliauuins waztansan1sasukdasansaseniulyl
aNanIBuLaudreunmIAfidIasensadsmaslnidignIalapgnaild
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ayunani1sIveuasdatauauue

6.1 a@3UnNaN13IY

IneranusilavinnisAnwwazinausmaiansiinUseansS A a1 nsun1suaLewsInw b

o A 1

lundssudlaluinmionhaeanawuuldaninng JadutdymddydmaneUssd@nsamuazainy

L2
= o oA

afissvossvuu uideiyaduluiniseenuuuariinseiis mssarsnsaiui ednis iy
wansynuvesnuliaunalussuuiidudeu mssenuuularaieszuunsHanidaluiuazdanng
fdaluirveanissiudalwiundeniasunavinliauiins UB-TPIG fignaiunusiemaians
mugunNMeSHuAsUnesmessuATaaiudaliia MSC waznsadusuliiuanaiavdnuay
ynaaadldeg g afuAdafunudsnliaunasiaiosiudalniandeniaeaa szuugn
uwiseoniuaesdrudesivharusaiu

druiivils mImuauaseatdalihasawavialiauaing (MSC) Aldannisdaulameines
wiflgrtiwidamaviin Capacitor-start capacitor-run motor siagrauLIasIes (MSC) viinduiies
MOSUNaITIBUT IR uANR s ed i umemadeaeinie osodnldedunaliussiual
Auna (Unbalanced Carrier based Space Vector Modulation, UB-SVPWM) miﬂ’m@um%‘mﬁ%ﬁm
Inlihaeaiavinliassnasgnesauuussndnnsmsnuat nawesautnwimanisneslne el
N13A19AEAN AN TN IBUNLALFVDIVARIANIUBATIHIUTDIUARIALESUABYASIAYEN N1
npaeInui il enaaeulunITu s UuT a8 lasila 1500 rpm naaeulasnnsivun
uNmN19ng (0, -5, -3, 0 N-m) T ule3aeraiinlwd daalin13AIUANRUULINRBSAS19AIUAY
nsvuansAUsENOULNY g tead sussDaudmdnlnilimanssdedunaniinaazauunsoua
psAUsEnaUNNY d gad vusALdunstaivanua d aefingiidnvesasesidaliin szuud
thiausannsamuauindsliianeesdifaliibuavdsulududunslituesunedinesdu
Fousiendaiiodsindaingnin msvaassdsuamniveriliuuinsmedufiuauduesnadn
MusnIIEILTesURAALES IR uRAIAVANINoRA IS AN IS N TER sl voaaTosiuile
Wil Tnefvuaeyuideumays o =19.4° Aadu 0.8 PU alwe 5= 24.3° Andu 1.0 PU uag
6 = 29.16° Anwdu 1.2 PU vosmaBoula ifefansanuszdnsnnuesssuu nmavageuianizag
Fafinusadalasia 1500 rpm vauy UBTRIG ldlvanauissunisyivaamsnaiiudiia (Pm)
1IN 750 W (>5.0 Nm) msvaiveauliauinnsmsdufinaudfmsnzaudmalaonsaiy
fdsliiinednmveaaieafdalii

saa s

duiaes MIMUANABLLIBSINBTIUNTILUUNgUIATNINTTATUALLUUNAWES diuliiaiy

€

[

UFoUluN1598NLUULL B991NTN1TATIATANTLLANTA WSIAUNTA WaswSIAUNTalnns st oules

v
o w = 1

a @ = D a ¢ v
adfyvassrULlagNsruumuAuksiulinsadeuledintuazuarn1sdlasiugeaie Phase lock

22 2

loop, PLL fiosiimunanaindeuvesyiatiesiigauazdashifnansznula 9 andnyaasuniud
ihanluszuuauesues PLL ynszuvuaiaiiosnnliianunsadalasludiussuuninldeseiiles
Uszifiufiansan nsaiuauasuliesinesiieusonia (GSO) finruauIntAesveInsEuanInH1Y
PIANNTEHABIAYFENB UL, d WazAruaNdUsEnaumaslniHIun TsuaeIRUIEnauLNY q SPUY
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muauansademdsiniiadaufidavonniostudalwiuagimunnssuassdusznauun q
muauindsliinadeuldmunufeinisnmsmuauinusznouiddlwiniianzimuaddseney
gl

agUnmamadnsvesnuideiifumsiauwasAnwmanmaudeudgasenldaunas
madufinauduesnmanusasduveamnEiufounaamdn ndaulasueimesivienimils
e Capacitor-start capacitor-run motor \Juedesiudialuiinnienhasunasialiauuns
uazafeneunednesauauaissiudalwiiuazaiansunesinesideousaiunin iilenaaou
Aannsn Mskdnmdsliiifinsufudsuusaeenalisunpsvesuaain welafhiiaue
Pgifinlszansnmnmsvhanuveaaissiudeluimidenihuuuliasnesluldemnisanndad
gayidle (Power Loss) wastiaiafosnimusede (Torque Stability) Larian5a1n15AIUANNNTES
Adslalidrgszuuninfianmnsanavauiuseneumaalniald musudesnisvesszutluusay
anun1sainTsaaTIemasli

6.2 UVoLAUBLUY

a LY % 1

1. A5INISWAILNITNIsANUSEANT nnegdanasSsuRviualy 13U NS935 N1SUSULAY
W15 13masuyulsealng (Real-time Parameter Optimization) iedsulssusanuluinvieanly
= o a = ° |
ww3aInda i wtedwuuldauunns

2. msinsUszendldimealinnisrauauivivadis Wi n1sldnsaualwuuUsUsa (Adaptive
Control) waginaflAn13l58u3vesATas (Machine Learing) 1iegietiuauudug lunsyaivey

w39y Tneanzlussuunilnanwaztaulunisinauiasuidasla

a s a

3. ATEMINRUIYANASDINTYINNYBIRBUIIRT D TAI TN faUnsalal Nt T aniA1AI
Anugydetlpanwagyiaulanauias

4. esiinsiarmataNsAIUANAsasANla Il uuudy 9 Wy Msmuauwseda
Inan39 (Direct Torque Control), n15AIuANLkuUlsIdwiwas (Sensorless Control) LI udw Lile

= a ) a '
Lﬂi‘EJ'UL‘VIEJ‘UNaﬂ'ﬁUTUL‘UaﬁlulqllleﬁﬂLGUUﬁQWNIQJﬂNNWG]iGU@QGUWa'JW
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waneswilstwilamauuu Capacitor Start and Capacitor Run iififindsralutl
Aamaglui 0.75 kw
Ariawsaaului 220 Vi
Fifaaad 50 Hz
NAANTZILE 52 A
NANAIULSD 1430 Ipm

T ITAN 4 Pole
fuuUssqldumyy 100 uF
FuUszauyuy 15 uF

1.1 NSNAFIUNIINSIEIUIUIUSOY (Turn Ratio Test; )

Main Rotor Auxiliary
Winding \ Winding
E. =200V E,(v
S0Hz

() NITNARBUINYUTIAUNVANIANEN (Main Winding)

Main Rotor Auxiliary

Winding Winding
C\D E (@ E_ =220V
50Hz

(v) MIMAFBUIGLIIAUNUAGIAYIY (Auxiliary Winding)

AN N-1 WITVAFDUMIBATIEIUIIUIUTOU

NAMT N-1 UUMIMAEUManTdINILILTUTRINeIN STt a0 uWATInNT 19N
Juiindeyanisnaaeusnised n-1

M1519% N-1 Y8YaveINIINABUMSNIIEIUTNIUTBY (Turn Ratio; )

En (V) E, (V) Ea (V) En (V)
220 271 220 117
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(Y § o

DNINEIUINUIUTDUVDIUAAIAYILADYADIAUG N TIANUNTONLADINAIUAUNUS AIFUNIT
salul

4 |EmEa :\/220x271:1_5219
E.E,, \220x117

1.2 NISNAFIUNIAIAIUAIUNIUA28IS DC Test

DC

\1I
o
0

Main Winding

(n) NsNAFDUTIBLTIAU DC M19AaInnan (Main Winding)

Auxiliary Winding

(1) MIMAABUINBLTIRY DC Nunadntie (Auxiliary Winding)
AN N-2 1933RERU DC Test

ANSNAFDULTNBNIAIANUA UM UTUVABINNT NLAZIAAINUILN ALPILA DI VDIUDLADST LAY
mamaaugmmm‘lumiwﬁ N-2 WAL ANS1N N-3

A15197 N-2 nanasnegeuLseuliinnsEuansINvAaIanan (Main Winding DC Test)

Ve (V) K 6 9.2 12.4 15.7
Ipc (A) 1 2 3 4 5
Rem (Q) 3.1 3.0 3.07 3.1 3.14

R, = (3.1+ 3.0+3.057+3.1+ 3014)  _ 50900

A15199 A-3 wan1snaaeuLssulinnszLanseivaaIntle (Auxiliary Winding DC Test)

Vpe (V) 12.0 23.5 34.8 47.2 62.2

Inc (A) 1 2 3 q 5
Re, (Q) 12 11.75 11.6 11.8 12.44
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R - (12+11.75+11.:+11.8+12.44) _ 119180

1.3 nsnagavanzlifiluaniivaaiandn (Main Winding No Load Test : 5-0)

R, JX,
o—MWAN——YYY
1 No-Load current (Io)‘
0.5ij
V. Slipa0 0.5)X,
0.5R2
2
A\ 4
o

ﬂ’lwﬁ n-3 No-Load test

nsnaaevlududidunisnaaeulaenistunsmasiuannsfluilnan ddduaniiziunain
He9UngniUnies lekanmaaeunanls199 n-4

A15197 n-4 wan1Iagevaneluillnanvnainvien (Main Winding No Load Test)

P(W) V(Volt) ~ I(Amp) 0 PF. Speed (rpm)
155 220 52 -83.68 0.11 1,500

NI -4 Nansnadeuanzliilluastunaiavan (Main Winding No-Load Test)

vy O B
140  52/-8311°

fariu Rno-load: = 4.66Q2
Xno—Ioad = j42-05Q

= 4.66+ j42.05

X X,
X =Xy +—0 4
sm 2 2

an =2Xn| _2Xsm - X;m

WUAT X = X/ =3.61Q adluaunis
X = 2( j42.05)-2(j3.61) - j3.61= j73.27Q

2
, Xem + X
Rrm :(le_ Rsm)(%]
mn

3.61+73.27

:(6.34—3.082)(
73.27

2
j =3.59Q
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1.4 nMnagaunamasmiediivasivdalanaslivenils (Locked rotor test : S=1)

R jX, 0.25jX,

1 No-Load t (1)
0O-L.0ad curren ) 05R2
V Slip=1 OSJXZ
0.5R,
2
A 4
O

mwﬁ -4 Locked rotor test

! e = 6 ¥ a o & a [
nsnegevludinilidunismeaeulngnsdnlswmasivngnils Ingavviiefivnaiavdnuay
YAAIAYIE LHNANITNAABUAINITINA N5 Lag 913199 A6 ATNEIAY

A13197 N-5 HANTVRFEUVEIVEALSInas YA upaIAnEn

P(W) V(Volt) I (Amp) ] PF Speed (rpm)

180 49.95 5.2 -48.7 0.66 0

IINANTIN-5 HANITVAF UV IVERLINaTIIngATlaNuaa IANEn

2, A\ =T R sl 790
| /0 5.2/-48.7°

Fau  Rp = 6.34Q
X, = j7.220

G0 Xgp=X'rm
Xgn =X '1m ﬂ=7'—222:j3.619
Ry = 3.0820

A1519% N-6 HANSVAFRUVIUEALSWRSIIgATNuAaINTY Y

P(W) V(Volt) | (Amp) b PF Speed (rpm)

520 125.10 52 -36.87 0.8 0




NENTNN N-6 Nan1sVedeUIEIUEALsWasneATisTvAaInLETY
Y 125.1

- - — 19.25+ j14.43
|0 5.2/-36.67°
satiy - R = 19.25Q
X, = j14.43Q
Xop =24 _ 7210
R, =11.9180

19saNyaTaewaswliEdeNNd aunsonanslanIunInig n-5

Turn ratio
lia

le jxlm

Main voltage

Main winding Auxiliary winding
ﬂ']Wﬁ n-5 Naﬁamgammuama%mﬁmﬁwaaﬂL‘V\Ia

A13IAUNUAMITIERDTAN 9 MIINMIIAINAINT -5 adluliasauya AN n-6 fail
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Turn ratio
_ 1:1.5219 _
3.082Q j3.61Q j7.240  11.910
j3.62Q
11.805Q § j81.147Q
j35.035Q 84.140
38.29Q
Main voltage Auxiliary voltage
j3.620
118050 % j81.1470
2.02Q
0.920 0
v
— . a0
Main winding Auxiliary winding

NN N-6 WITAULATBIU MBS NNFDUNATINIUNITUNUANIT TR DS
RsaNyaveemasmtehassnalunsa U BNl

R Xigs 2

gs r

o<

Main winding circuit (q-axis)

Ry

qus XI

S r

Auxiliary winding circuit (d-axis)

AN N-7 2asaugavesamesinlienihasunalunseudnedaunuils

ANN1I0AIUIUNNAT Ryg ko Xig

C(1)? 1 )2
R«=|—=| R 11.918) =5.14Q
ds (aj sa — (1 5219 ) ( )

. (1Y 1 )
Xige =| = | Xes =| ——— | (j7.24) = j3.12OQ
Ids (aJ sa (1.5219j0 ) =]

AUITOUNUAINNIITLRB TN "'] VWHﬂ']’iVT’]’ﬂ']ﬂﬂ'IWVI -7 ﬁQGLU’)\‘i‘\]'iaiLIﬂJa“UENQJE]LG\E]?L‘MUEJ?U’]
aaaLWasLuﬂsauaNaaLmum ﬂ\‘iﬂ’]‘WV] -8 GN'L!
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3.082Q j3.61Q j3.61Q
12228

0° j70.07Q 3.59Q

Main winding circuit (g-axis)

5.142Q j3.126QQ  j3.61Q

T_/\/\/\v Y Y'Y Y'Y Y

V, £90° j70.07Q 3-59Q

}

Auxiliary winding circuit (d-axis)

AN A-8 19TaNgATesNBn sy deunalunsoUsn BN udWHIUNTUNIY
ANNNTIALNDT

A15199 N-7 ANIS1TReSLTluNSUREeU

$18N15N51TLANBS Ynalnkasu (d —axis) Ynaauan (g — axis
)
Stator winding Rys 5.14Q R 3.08Q2
resistance
Stator leakage X 1ds j3.12Q Xigg |~ j3.61Q
reactance
Magnetizing reactance X;nd J73.23 X mq 173.23Q)
Q
Rotor leakage XllIr i3.61Q2 K, j3.61Q2
reactance
Rotor winding R, 3.59.0 R, 3.59Q
resistance
Slip 0.0467

Rotor Interia 0.02549
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2

B ;l' 'I,i Il
V2

[P

dy I tﬂ' Y o U ¥ dl = I u’.’l 1 Y o ¥ ¢ v ¥
wnanstiluenasianulidmsunisidnuienisfinewing eugslnhlulgusslevimunisi
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Abstract — This paper presents performance improvement with opfimum voltage compensation of
a vector control based unsymmetrical Two-Phase squirrel cage Induction Generator (TPIG) with
closed loop speed control using carvier-based space vector pulse widih modulation. Indirect Field-
Oriented Control (IFOC) of the induction gemerator it used fo achieve fast response and good
acewracy. The proposed system consisis of a two stage AC-DC-AC link equipped with bidirectional
power flow between the machine and the sigle-phase grid. The DC link voltage is kept constant at
the reference valwe by using hysteresis currant control of the grid side converter resulting in
rectification and inversion modes of operation with high-power factor and neavly sinsoidal currvent
wiveform. A Carrier-Based Space Vector Modulation (CBESFPWM) technigue is wsed for
conirolling a two-phase three-leg voliage source comverter providing balmead and wunmbalanced

voltages with an aptimum valus of veltage compensation. The

imental rasults show that the

system performance for unbalonced supplied volioges with the optimum value of the compensaiion
af the machine iz better than that for balanced supplied voltages in terms of power transfer fo the
grid, sleciromagnetic forque pulsation and spead ripple. Copyright © 2024 Praive Woithy Prize
Sl - All rights reserved.
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Camer-Based Space Vector Medulation
(Grid Side Comverter

Indirect Field-Onented Control
hachine S1de Conwverter

Voltage Source Inverter

Phase Locked Loop

Sequurre] Cage Induction Generator
Two-Phase lnduction Generator
Unbalanced Space Vector Pulse Width
Modulation

Tms ratio of stator windings
Viscous fuction coefficient

d-,g-axis rotor currents m the stator
reference frame

d-,g-axis stator curents in the stator
reference frame

d-,g-axis stator currents in the rotating
reference frame

Fotor moment of nertia

Fotor inductance

Stator inductance

d-,g-axis stator self-inductances
Modulation index
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d-,g-axis nmatual inductances
Pole-pair mmaber

Riotor resistance

d-,g-axis stafor resistances
Electromagnetic and mechamic torques
Phaser voltage references

d-,g-axis auxaliary and mam winding
voltages

Voltage signals of phase a, band ¢
d-graxis fimdamental voltages

de Iink voltage

Zero voltage

d- g-axis stator voltages in the stator
teference frame

d-,g-axis stator voltages in the rotating
reference frame

Ratio of nutual inductances

Phase shifted angle

d-,g-axis stator fluxes in the stator
reference frame

d-,g-axis rotor fluxes in the stator
reference frame

d-,g-axis rotor fliuxes in the rotating
reference frame

Leakage coefficient
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T Fotor time constant
B, O Synchroneus and rotor angular speeds
(%) Slip angular speed

I.  Introduction

Dhe to increasing energy consumption i all sectors,
several attempts to find effective ways to exploit
renewable energy resources have been made. Electrcity
generation using wind energy for both standalonranig:nd
connected applications has been well recognized because
of its cleanmess and low environment impact [1]-[3].

Induction generators, encompassing both squirrel cage
and doubly fed indoction generators, perform an
indispensable role in renewable  energy  systems,
particularly m the realm of wind energy. Investizations are
concentrated on  the advancement of . comfrol
methodologies, ncluding wector control and. model
predictive control, aumed at optmmzing efficiency and
stability amidst flacinating operational conditions. Fault
tolerance and multiphase systems represent burgeening
fields of mquiry, which are crifical for
unintermapted  operation in the  face of electnical or
mechanical malfimctions [4].-[3]. For small-scale wind
md hydro energy conmversion systems. a smgle-phase
SCIG for off-grid applications in nral areas 1s widely nsed
due to its megedness, low cost, minimal mantenance
Tequirement, brushless squirrel cage rotor, manufacturing
simplicity and an off-the-shelf range when compared te
synchronous and DC generators [6). For large-scale wind
eneTgy comversion systems, a SCIG connected to a grid
without wsing & full-scale converter has become more
sigificant. However, it consumes reactive power tms
decteasing the power factor of the utility zrid. Behavior
of the mnd commected SCIG vath direct connection in
terms of excessive reactive power due to load dishabances
acToss power network has been imvestizated using
similation [7]. Usmg a fiull-scale power electromic
converter for mferfacing the SCIG with the utility gnd
offers controlled power transfer, maxinmm power point
tracking and goed power quality. The back-to-back
converter is used to accomplish such requurements. With
this topology, supplying the current harmonies reduction
to the uhlity grid and high efficiency control can be made
[8]. Generally, an inverter 1sused for dnving a three-phase
induction motor with scalar W/F control with energy
efficiency optimmzation [9]. It acts as a Machine Side
Converter (M5C) in a back-to back converter for variahle
speed drives and wind energy conversion systems. This
Inverter can act as a rectifier when the machine operates
in a generator mode. To allow the generated power
converted from mechanical power to feedback to the md
the Gnd Side Converter (GSC) acting as an imwerter 1s
needed. This converter is responsible for power cuality
conirol. Control mplementation of a three-phase SCIG
using a back-to-back comverter with wvector conmtrol
schemes for a wind energy conversion system was
proposed in [10]. However dynamic responss was not
presented. Large-scale wind energy gemeration using

Comyright & 2024 Praise Worthy Prize 5.l - All rights reserved

power electronics technology in temms of latest statistics,
newest dev and future research perspectives
were presented [11]. Vanous types of effective power
converters were mentioned For small-scale wind
applications, research on a single-phase SCIG has been
paid serions attention. The control strategy for improving
voltage regulation of a single-phase self-excited induction
generator supplyng nonlinear loads utilizes a static VAR
compensator to mantam voltage Iegulauun m dynamie
response [13]. A wide speed range is limited for operation.
Moreover, a three-phase SEIG can be modified to
operatz in single—phase operation using a SVC for a
voltage regulation as presented in [14]. However, the
frequency regulation was not presenfed. According to
mvestigation results, the SEIG has limitations m voltage
and frequency regulations. The soft starting of a single-
phase mducton machine for direct snd commection to
rednce mrush-current m both motoring and generatmg
modes were proposed in [12]. Fora direct grid connection,
the speed operation in a steady state condition is
considerably constant. However, without the firll-scala
back-to-back converter, low power factor due to reactive
consumption: of the generator can be present. An
umsymmetmical parameter type TPIG can be achieved by
removing the capaciter from an-auxiliary winding of an
existing single-phase induction motor. Electromasmetic
torque npple m an wmsymmetnical two-phase induction
machine ean be achieved using eptinnm veltage ratio and
phase angle of the avaliary to main winding voltages [13].
Although capacitors for excitation were not employed,
a V5[ was introduced using battery witheut charging as a
de source. In order to operate with a wide range of speed
of the two-phase nduction machine it meeds power
electronic converters such as two-leg, threeleg and four-
leg mverters for dnving the machine with UBSVFWM to
mprove the motor performance [16). With this PWM
scheme an efficient control method i water pump
apphications was imvestigated [17). UBSVPWM for a
MSC applied to constant V/F control of a TPIG and
adaptive hysieresis cument comtrel for a GSC were
proposed in [18]. This work lacks mvestigation of speed
control —and  dynamic onse. - For low power
applications, IFOC of a single-phase induction motor with
closed loop speed control was conducted using sinmlation
and experment ([19]. [20] Although wector control
sfrategies for smgle-phase mduction motor drve systems
can be found i [19], PWM strategies and performance of
the GSC, paricnlarly for a generating mode of operation
were not focussed However, the TFOC of a small-scala
gnid connected TPIG has not been propesed vet.
Therefore, this paper is focused on the [FOC of the
TPIG with closed loop speed control. The conmbution of
this paper is the implementation of the proposed system
and the performance comparison between BSVPWHM and
UBSVPWM with optimum voltage compensation for the
TPIG in terms of power transfer and electromagmetic
torque ripple.
The rest of the paper 15 organized as follows. Section I
describes briefly the dc link voltage confrol with a GSC,
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the dmamic model of m unsymmetrical two-phase
induction generator and balanced and umbalanced
CBSVPWM methods. The vector control of the
umsymmeirical I'PIG 15 explained in Section OI. The
Ex'pennmltal setup and comparative results between
balanced voltages and wnbalanced voltages with the
optmum  veltage compensation are explained and
discussed m Section IV. Finally, conchusion and further
works are given in Section V.

II.  Svstem Descriptions

The proposed system of a single-phase snd connectad
TPIG is showninFig. 1. Tt is composed of a TPIG coupled
with a torque governor, a two stage AC-DC-AC converter
systemy, a line inductor and a single-phase gnd. A DC
drive with torque control acts as a torque governor to
emulate wind turbine chamctenstics.

The single-phase foll bridge switch mode. converter
mchoding  four Insulated Gate Bipolar  Tramsistors
{IGBTs), and four freewheeling diodes 1s nsed fora GSC
and a three-leg voltage source converter including six
IGBTs and six freewheeling diodes is used fora MSC. The
G5C 15 controlled with hysteresis current contrel to keep
DC link voltage cemstant allowing bidirecional power
flow. The speed of the TPIG is kept constant at the desited
value using closed loop speed control based on TFOC by
the MSC providing balanced and umbalanced supplied
voltages using CBSVPWM. Both comverfers are lmked
with a large capacitor for energy storage and smoothed de
link voltage.

The proposed system can opetate infour quadrants. The
rotor reference spead and the DC Ink reference voltage
are reguured for changing transferred power. Details of the
mode] and its contral will be grven in the next section.

I Grid Side Confrol

The maim objective of the gnid side comtroller is to keep
the DC-link woltage  comstant  resulting | El'thE‘I
rectification or imversion modes of operation
the direction of power fransfer. As shown i Fig. 2, thE'
error between the desired DC Ik woltage and the actual
DC link voltage is fed to a PT controller. The output of the
FI controller 1s mmiltiplied with the per umt of simisoidal
fimction which 15 sensed from a zero-crossing unit of the
erid wvoltage for synchromzation. When the machine
operates in the motonng mode (Le., during starhup) and i
the generating mode, the reference cumrent is m-phase and
out of phase with respect to the grid voltage, respectively.

With this proposed simple techmigue of
synchronization, Phase Locked Loop (PLL) [18] 15 not
needed. The full bndge IGET switch mode converter 1s
used and confrolled with hysteresis current control. It is
responsible for regulating the DC Lnk wvoltage, power
factor correction and simisoidal cxrrent wave shaping. The
actual DC link veltage is sensed and confrolled to be
constant as required (1.e., higher than the peak value of the
erid voltage).

Copyright & 2024 Praise Worthy Prize S.r.l - Ail rights reserved
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Fig. 1. Proposad system of single-phase prid connecied
two-phass induction generator

Fig. 1. Block diapram of DC link voltage conmal for GSC

Consequently, either rectification or inversion modes
of operation are present depending on the dwection of
power flow affectng the actual DC link voltage due to
machine operation -either in metoring of generatng

maodes, Tespectively.

Ir2  Dynamic Model of Ungymmetrical Two-Phase
Induction Generator

The two-phase inducton machine modified from an
existing single-phase mdnction motor 15 composed of a
sguurrel-cage rotor and two stator windings displaced 90
electnical degrees in space with different mumber of tums,
knoon as miain and mnﬂharj, windings with the absence of
2 starting capactfor. Thus, windings have different
impedamces. The equivalent circuits representing the
msymmefrical TPIG m a stationary reference frame are
shown in Figs. 3. The dynanwe model equations of the
unsymmetrical TPIM can be expressed as follows [19],
[20]:

|'.'IT &
Vo = Rygigy + (0
r 5 d?":
Vg =Bl + dr" 2
0=Rif,+ Tt v, ©)
- "i":iﬁl = 5
0= er:r.g - & — @y 4

Ingernational Review of Electrical Engineering. Fol 18 N. §

98



C. Choorak et al.

= Ll + Mol ®
Moy = Loginy + M %, ©)

ey = L+ Mol Q
=Lif +M, 1 (8

T, = P05, M g~ 10 M o) ®
P(I;—]:]=J%+Bm, (10)

Equations (1)-(8) are the general dynamic equations for
a symmetnical two-phase induetion generator which
Lai=Lag. Mip=Mpg and Rs=Fag. Inease of the asymmetry
of the machme parameters - where Lol Miildog and
RuriRy, the torque npple-oconrs from
supplymg balanced vnllages to both windmgs The
stator currents is applied. Equations (1)-(8) are treated in
termz of the motor mmtual flux.  Therefore, the

electromagmetic torque 1s reamanged as:

J.0, (e laE
I= P{J‘m T}u‘”‘ +

(g, <Ml :
o B ) = 11
] i } m] 11y

=L£{r ?-,d_i'.f

o

f.:I i‘:errd }

gy~ My

where i, =0t “Muley s
L L IT

i My — i Mo {17

T

Figs. 3. Drynamic d-q equivalent circuits of machine
() d-axis cireuit, (b) g-awis circuit
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Then, the improved stator currents can be given as:

=i (13)
i =il a9
with o=M,, IMm. and substituting the vanables i,
I:rj.r:m.audr respectively mnfo (12} yields:
i
Pl 1 25 g
1;=E :";,‘,Mw :ﬂm,,qM,d]
LS
=£[M.“II ?H’M fﬂ?‘ 4! l!ﬂ'] {15_}
L LT Ay

The Equation (15) is identical to the symmetnc
machine which eliminates the oscillating term in the
steady state. f means that the magnitude of &; is equal to
that of 3, . The relation of the supplied voltages for both
windings is approximately as:

Vpeal, (16)

Note that ;13 nommally greater than I, [17].

I3 Balanced and Unbalmneed Space Vector PIWM

Fiz 4 shows a phasor diagram of three-phase veltages
prosnding orthesonal balanced and imbalanced two-phase
voltages for the imsymmetrical two-phase machine. By
using phase b as common reference, ¥, which is the mam
winding voltage is cbtamed from the voltage difference
between phase a and phase b (e, ¥, ~F; ) and ¥, which
15_the ‘awaliary winding woltage is obtamed from the
voltage difference between phase ¢ and phase b (ie.
V.-F,) Whm a hﬂlmﬂed voltage angle 50, both
magnitudas of voltages are equal called balanced
voltages (Le., FeFy) whilst when v = 0, Fyis greater than
Vs called unbalanced voltages.

Va _ I."
- Wiy o FJl dmlany
i -+
awany k.

T S — PR ————

Fig 4 Phasor diagram of three phase voltages generating erthopenal
halanced and unbalanc ed two-phase voltages
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Both machine winding voltages are adjusted with the
relationship as i (16) by shifting the proper & for the
optinmm veltage compensation. The phase difference is
still ¥ degrees. The objective of this relationship is to
force both currents to be equal, which is the charactenistic
of a symmetnic machine.

Therefore, the torque ripple problem is solved. Note that
the try of both causes current imbalance
for balanced voltages. In accordance with the phaser
diagram of Fig. 4. required instantanecus three-phase
simuscidal reference voltages for generating balanced two-
phase outputs are as follows:

v, =¥, sin(ar) (17

¥ =V, sin| m—%} (18)
W, 2

v =, sinl ot — 1) (15)

The development of space wector PWM fo reduce
harmonic currents was presented in several papers by
adding zero voltage, as shown m (207, to the fundamental
voltage as shown i (21)-(24):

nnx['r_,,n, ]|+z|:u.uf1pr v&,v]

5 (20)

V. =—

o

For balanced voltages, phase leg reference voltages are
as follows:

,|I” =M sin (of)+, 21y
I’.m” Msm[ co_*—- ¥, (22
7
—=2 = M sind i =)+, (23)
(A
where M=;'}2 15 the modulabon mdex For
da
unbalanced two-phase voltages, only phase leg reference
voltage of phase b 15 changed to:
ybo =MsinILcm‘—E+EJ+vn (24)
I-E.i:;2 2

Figs. 5 show a companson between these phase leg
reference voltages and a common carmier to
generate SVPWM signals for the three-leg MSC, and two-
phase PWM voltages for balanced and unbalanced
voltages. The comespondmg fimdamental veltages for

Copyright & 2024 Praise Worthy Prize Sr.0. - Al righs reserved
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both motor windings can be expressed as follows:

AmpEmds
st s I

Note that for balanced voltages, 6=0. For unbalanced
voltages with an optmmm value, & can be determined by
[16]:

a=1m-1(a}-% en
where a5 3 tums Tatio of the apaliary winding to the main
winding

IIT. Vector Conirol of the Unsymmetrical
Two-Phase Induction Generator

The wector control classified as an Indirect Field-
Crmiented Contrel (IFOC) approach with a g-d frame
rotating at synchronous speed was apphied [19], [21]-[23].

According to the dynmamic eguations in (9)-(16), the
stator veltages, rotor flux linkages and slip frequency are
expressed as follows:

. i, Mgy db,
Vo = Ry ol ; F-"'UI- I:d Jd 28)
¥y =R, +ol, —""+
M d» @
+ia, 6L i, + 0, —
I 4t
L, db, ;
Ei?;i-'-?.'d:j!mﬂml (30
M
Gy = I:fﬁw - (31
rd

Since for decoupling control, the d-axis of the rotor
fhix-onented reference frame is aligned on the d® axis as
shown in Fig. 6, bw=0 and ) is a de value leading to the
stator voltage equations as:

Vg =Ry +al, %—ﬁ:‘ﬁl}j;‘ (32)
Vog = Rygley +l, ﬁ- +m,oli, (33
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Figs. 5. Cammier based SWVPWM. (a) Balanced two-phasze volages
(Fa=Fa), () Unbalanced two-phase voltages (Fa=Fg)

PRI

PR

Fiz. §. Phaser diagram explaining indirect wector comral

From (29}, the rotor flux linkage is:

o, =M iy (34)
The slip speed can be expressed as:
i,
Wy =—1 (33
Teleg

where T, L 15 the rotor time constant. The rotor flux

angle can be caloulated from:

P

= Jodi=[{o,+ 50 GO

The electromagnetic torque can be expressed as:
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PM,,

T =
I

e

() )

A two-phase three-leg voltage-fed mverter drive with
outer speed loop control and mner loop control for rotor
flux and torque and SVPWM generation 1s shown m Fig.
7. Three PI controllers are used for the closed loop control
of the rotor speed. the rotor fhux component of the stator
current. and the electromagmetic torgque component of the
stator current. The auxiliary and main winding currents are
measired and fed back for the confrollers by Park
transformation mto the synchronously rotating frame
nsing the vector wnit fimetions [20]. They are generata:lin
a feedforward mammer caloulated from (33). In the final
stage of the block diagram. the CBSVPWM block is used
by receiving the compenents from inverse transformation
to generate PWA signals for gates of the IGBT devices m
the MSLC.

IV. EResults and Discussion

The test’ mig. was installed for mvestizating the

e companson of the TPIG betwean BSVPWM

and USVPWM with optinmm voltage compensation. The

four-quadrant dynampometer (DC drve) controlled via a

notebook provides required mechanical torque at vanable

spead. The shaft of the DC motor is coupled direetly to the
TPIG.

The encoder is used for sensing speed of the generator.
The ratings of the mduction generator are 2HE, 50 Hz, 10
A 4 pole Two IGBT Intellizent Power MModules (TPMs)
confrolled by a TMS320F22333 low-cost controller are
nsed for two converters namely one for the MSC and the
another for the MSG. The implementation of the proposed
converter. system is shown m Fiz. 8. The switchng
frequency for solid state devices was selected at 5 kHz
reasonable for a dnve system and the DC link voltage was
fixed at 400V higher than the peak gnd veltage for power
transfer achievement. Fixed hysteresis band was set at
H) 5 Ac
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Fiz 7. Block diagram of speed control with IFOC
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Grid-Side

Converter

Alachine-Side

Converter

Fiz. 8. Experimental sefup of power CONVEITELS
ind a control unit fior both sides

Tests imder various condiions were conducted for the
comparison between BEVPWM and UBSVEWM with
optmum voltage compensafion From Figs: -0 and. 10,
cbviously, the e]ectroma.gn&uc torcpae and currents of the
machine for USVEWM with the optimum value of the
voltage compensation has lower mpple than those for
BSVPWM during startup and steady state conditions. The
machine operates in the motoring mede in this event. This
means that USVPWM wath the optmum voltage
compensation offers better performance. This is the fact
that the mmbalanced supphed voltages with the optimmm
value can reduce flux linkage mpple and emable both
winding cuurents to be equal The main winding current
for BSVEWM provides both higher rpple and amplitide
than that for UBSVPWM although the mam nindmg
voltages are equal for both technigues. This 1mplies that
the increased auxihiary winding voltage affects the lower
winding current of the main m.ndmg The responses of the
machine for both cases are in the same manner, According
to Figs. 11 and 12, apparently the rotor speed for
UBSVPWM has lower mpple than that for BSVEWM
during startup and particularly steady stafe conditions.

This results from the lower npple. “of  the
electromagnetic torque as can be seen in Figs. @ and 10.
With the ncrease mmumiliary owinding veltage for
UBSVPWM, the awaliary winding current i3 higher than
that for BSVPWAL When comparing winding currents for
BSVPWM and USVEWM from Figs. 13 and 14
respectively the difference m both winding currents is
:i.D:iEIIjﬁ{“a.I::II particularly at steady state for USVEWML

The significant difference m beth winding curments
exists for BSVPWM. As a result, the el fic
torque for BSVPWM contains higher ripple due to the
asymmetry of the magnetomotive foree associated wath
imbalance of both winding currents. Figs. 15 and 16
illustrate the companscn of winding curents of the
proposed generator with 3 Nm mput mechanical torque
under a steady state condifion. Much difference between
amplitudes of main and auxiliary winding cwrrents for
BSVPWM is present. As shown in Figs. 17 and 18, when
the same mechanical torque of 3 Nm is applied the gnd
voltage and cwrent waveforms are in phase (ie.,
rectification mode) and out of phase (Le., mversion mode)
for BSVPWM and UBSVPWM, respectively.
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It means that with this value of the mechanical torque.
the machine operates as a motor and a generator for
BEVPWM and UBSVPWM, respectively. Clearly, for
BSVPWM, the machine draws electrical power from the
mmd (Le., motormg mode) whilst for USVPWML, the
machme delivers electrical power to the gnd (Le.,
generating mode). This event shows the capability of the
UBSVPWM with the optimum veltage compensation
technigque over the BSVPWM technigque in power transfer
with the same mechanical input power.

The grd current waveform for UBSVPWM is slightly
better. With the same mechanical mrque of 4 Nm, FJEs, 19
and 20 show main and ¢ winding currents for
BSVPWM and UBSVPWM, respectively. At this level of
the  mechanical. torgque, for both BSVPWM and
UBSVPWM, the machine operates as a generator. As
shown m Figs. 21 and 22, the amphitude of the grd current
for UBSVPWRI 15 higher than that for BSVPWM. It
means that the ligher amoumt of the transferred power of
the generator for UBSVEWM 1s present at the same mput
POWEL

Agaun ~ for UBSVEWM, the geperator has higher
capability n elecmcity production supplying to the gnd
than that for BSVPWM. Fiz. 23 shows the dynamie
response -of the electromagnetic torque and awaliary
winding current of the machine operating in the generating
mode of operation The proposed system offers a quick
response due fo [FOC. When the electromagnetic torgque
mecreases, the aliary winding current increases too.

Note that the electromagnete torgque has negative
values since the direction of the electromagnetic torque is
opposite fo that of the rotor speed Figs. 24 and 15
Uhistrate the e of PWM voltages and currents
between BSVPWM and UBSVPWM. Clearly, PWM
veltages for both cases are similar which the PWAM voltage
of the amxiliary winding leads that of the mam windmg by
&) degress.

Unlike BSVPWM., both amplitudes of the currents for
USVPWM are shightly different and the awsiliary winding
current leads the main windimg current by almost 90
degrees. This implies that the USVFWM with the
optmmm voltage compensation offers better flux Imkages
leading to lower electromapnetic torque nipple which are
in good agreement with [19].

| T, B rcaally

] :
i
|

10 Al

BETCLE s
FcilED o WA

FRHIC1}  mamaa
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Fiz. 9. Electromagnetic torque and main winding curmrent of the two-
phase mducton penerator for BSVEWM during starup
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Fig. 20. Main winding and auxikary winding currents
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Fiz. 26. D link voltage and main winding current
during step changes in mechanical inpuat soque

As shown in Fig. 26, during step changes in the
mechanical mput torque, the DC link veltage is kept
constant at the reference value of 400V dwmg
disturbances. This result confimms the effectiveness of the
closed loop controller of the GSC in DC link veltage
control.

V. Conclusion

This paper has dealt with a performance companison
between BSVPWM and USVPWM wath the optmmm
voltage compensation for speed comttol of an
unsynmefrical fwo-phase induction generator based on
IFOC. The modulation method 15 8 cammer-based SVEWM
technigue providing balanced and imbalanced two-phase
output voltages. The optimmmm veltage co jon for
machme voltages with USVPWM related to a tums ratio
value of windmgs has been made. Dunng starhgp and
steady state conditions, the machine operates as a motor
with better ' performance . terms of mpples . of
electromagmetic torgque and speed for USVPWM. As the
machine operates as a generator, better performance in
terms of higher transfared power with the same mput
torgque for USVPWM is achieved. Under steady condition,
with the optinnm voltages by an increase of the auxiliary
winding voltage. the windmg currents are almost equal
resulting in improved electromagnetic hence reducing
speed mpple. The grid curent for USWVEWM 15 more
nearly simsoidal than that for BEVPWM. The - further
works will implement a vector control seheme for the GSC
with independent control of real power and reactive power
of the single-phase gmd to improve the grid cument
waveform and reactive power compensation for other
loads. Mereover, the effect of phase shifted angle & for
voltage compensation on the amowunt of transferred power
will be mvestigated.
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Assessment of Vector Controlled Asymmetrical
Two-Phase Induction Generator Driven
by Wind Turbine Simulator

Chaiwut Choorak, Narongehai Thodsaporn and Vijit Kinnares
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand

Abstract— This paper presents the asssessment of the
vector control for a two-phase induction generator (TPIG)
driven by a wind turbine simulator. The siructure of this
svstem consists of two sections. The first section is 2 wind
turbine simulator wsing a de metor drive performed by a
torgue control for providing mechanical power to TPIG,
The second section is the three-leg voltage source inverter
connected TPIG which is governed by the indirect vector
control. This strategy is to separate the controls between
flux and torgue of TPIG and its improved performance by
compensated stator currents. Matlab/Simulink software is
applicd to the proposed svstem under various conditions.
The simulation results of dynamic response for the proposed
vector contrel are commanded by the wind  turbine
simulator providing the torgue-speed characteristics of a
small wind turbine and conclude that TPIG can be used for
wind energy applications,

Index  Terms—vector  control,  twoe-phase  induction
generator (TPIG), wind turbine simulator, wind energy
applications

I. INTRODUCTION

Due to the increment of energy usage In all industrial
segments, several researchers have attempted to invent
acquiring renewable energies. An interesting category. of
renewable energies is a wind energy conversion system
{(WECS). According to a benefit of the wind energy such
as friendly environments, the installation of wind power
generation capacity-in the world has been escalating over
the past decade. The investigation involving WECS in
laboratory, it is difficult to operate with real situations at
various wind speeds. This reason causes o establish the
wind turbine simulator for an emulation te connect with
generators to enhance the efficiency of WECS. The wind
turbine simulator creates wind turbine behaviors in a
controlled environment without dependence on actual
wind resources and wind turbines.

Induction generators have benefits of the bearableness
and low cost less than other categories. A single-phase
induction generator is suitable for the small-scale systems
owing to be worthwhile of a dealing power; however, the
electromagnetic ripple torque can appear. To solve this
problem, many researches adapt single-phase induction
generators becoming a two-phase induction generator and

This work was supported by the Ministry of Science and
Techmolegy, Thailand.

supplied with a three-leg voltage source inverter [1]-[2].
Furthermore, the indirect vector control technigue was
applied to the two-phase induction generator for its
higher performance [3].

=

i

\ ey

Fig. I. The systemoof the two-phase induction gencrator driven by
wind urbine simulator.

[I. SYSTEM DESCRIFTICN

The system  of the two-phase induction generator
driven by wind turbine simulator, as displaved in Fig.1,
consisted of the wind turbine simulator and TPIG. The
first part was directed by the characteristic of the wind
turbine using DC motor in the terque control mode. The
second part was TPIG connected the three-leg voltage
source inverter commanded by the indirect vector control.

A Basic Characteristics of Wind Turbine

The wind turbine is a power extraction apparatus. The
turbine power 15 the direct result-of the behaviors of
aerodynamics which can be expressed as follows [4]-[8].

= I 2 1 -
fig =5 PRV, C 4. ) (18]

where p is the air density (125 kg/m’), R is the

turbine radius (), @ is the wind velocity (m/s),

.
C,is the power coefficient, A is the tip speed ratio,
and [ is the pitch angle {degree). The power coefficient is
given by:

c'y{,a,,ﬁ}=c,LI—c-mﬁ—L-,Jg*_TL-6A (2)

with
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1 1 0.035
s — (3)
A A+008F F +1
TABLEI
THE COEFFICIENT VALUES

e, = 05176 £, =5

&, =116 £ =21

o, =04 i, = 0.0068
The tip speed ratio is given by:
A= R (4)

!

i

where @y, is the turbine angular speed (rad/s). The
developed torque of wind turbine is expressed by
‘I'J

o =1p}rﬁ"t‘_,,,,\.i'},{ﬁ.ﬁ]
a2 ey,

(5

As shown in Fig. 2, the wind turbine model was
created from the mathematical equations using in (17-(3).

WVM..,C,,(;, ) P

[ A X
m= Ty
[

Fig. 2o Block diagram of wind turbine model,

B. Wind Turbine Built form DC Mooy

This paper, the separately excited dc motor was
directed as the wind turbine simulator; consequently, the
de motor torgue was controlled along the character of
wind turbine. . The motor torque T, is the ratio of the

armature current as shown in (6
T.ﬂ = J":'r‘r.. (‘E'J
K.=L.I, {7y

where K is the torgue constant, L is the field-armature
mutual inductance and {15 the field carrent.

The simulated torque T of wind turbine simulator

can be caleulated from the torque equation of de motor as
shown in

Ta=T=T,.=K1, (8)
Accordingly, the reference armature current [ is

expressed by
_ Byr _ B (9)

e -
K, Ky,
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The block diagram of the wind turbine simulator was
composed of the one quadrant chopper connected a
separately excited DC motor as displayed in Fig. 3.
Furthermore, the strategy of the torque comtrol was
founded on the wind turbine model along the command
of the wind velocity, and the ammature current was
computed and compared with the feedback armature
current using PI controller for the simulated torque.

Wind Turbine Simulator

=== Wind Turlime
. Mudel

Fig. 3_Block disgram of wind furbine simulator.

O Dvnaimic Model af Asymimetrical Parameter Two-
Phase fnduction Generator

The two-phase induction generator is built by a
squirrel-cage rotor and two stator windings displaced 90°
i space, known as nin and auxiliary windings.
Mareover, the impedances of each winding have different
magnitudes. The equivalent circuits represented the
asymmetrical TPLG in- stationary reference frame are
shown in. Fig. 4. The dypamic model equation of
asymmetrical TP1G can be expressed as follows [9]-[11].

A
Ve R O ()
s sl s it
[ A i:q
v&r =R}TI‘* +'-—-d: “ﬂ}l
8 ‘:.l 4
O=Ri, + o + @, (i
dAd
i]=Rrr':¥+—j"" o (12)
t
1::.: =L+ M i, (13)
A =L, + M5, (14
Ay = Liy+ M i, (15)
Ay =L + M0 (16)



r & & o N 5 g ¥ ¥ ¥ L3
Where Vi Vg o Dol s dag « D 2Ty » "t.m'- '1;.:‘- s 'l.l'c.l'1“ln; dre d"q

axis voltages, currents and flux of stator and rotor in the
stator reference frame. Ry, R, . R, are the stator and

rotor resistances. L, L Lo M, M are the stator

and the rotor self and mutual inductances. ., is the rotor

speed in rad/s.

(b} g-axis

Fig. 4. Dynamic d-q equivalent eivcuits of machine.

T, = Plit M g My ) (17)

.:r.'Jnr,l

P{T__Tf],=_;d_‘”.f.+3q (18]
] dt
where P,J and B are the machine pole pairs, inertia

and viscous friction coefficient, respectively. The general
dynamic equations for symmetrical two-phase induction

generator can <be  expressed  in (9)-(16) . with
Lyy=Ly Myj=Mg,andR; =Ry. In case of the
asymmetry of | the _machine — parameters < where
L,#L, Mw. #M 'ell:llrr.lﬁ“rJ “f . electromagnetic

torque L'l]'l-ch occurs from supplying balanced voltages to
both coils. The strategy of elimination the torgue ripple
by controlling the stator currents is applied in (9)-(16) are
developed in terms of the rotor mutual flux:
i " 5 A
{ — M.
I.=ri 'H'm,w ‘I‘r[‘d’q‘-{..w "“‘LJMM“J

]

i
.lzl' wnﬂ' r-.'c.f
L

', '

'

(19)

P
= L_[ i) .l'n’.lI .'H' .lr.I 'r<_|' "I.-f -.Jt.l']

v

. 1 o
ot = Moald oy s
L o L

r r

o
where i, =
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F L g L
1= L_{I';“' AgM  —i A M } (20)
Then, the improved stator currents can be given as:
it =1 1)
¥ ai (22)

, M B : h
with @ = "’% and substituting the variables i}, and
sl

g DY r:uu and i respectively into (12), to remodel the

sq
[ﬂ‘rl:l'l.lﬂ' as
f
T £ Ly z '
1 =_L '..l'r_,' 'r-. ".l'q"u.lr.'.l'
LJ
P M,u-d s oF ]
o !-.q"n:! 'r.\'d".l'q"w.lrd
L
'y -.."\r_|l
PM .
T= f”{',r f.l_r;.rf{sf‘.} (23)

¥

1. ¥ECTOR CONTROL OF TWO-PHASE INDUCTION
GENERATOR

The weetor conteol classified. as an' indirect field
ariented  control (IFOC)Y approach with a g-d frame
rotating at synchronous speed was applied [3]. According
to the dynamic equations. in (9)-{16), the stator voltage
equations are expressed as

. o M, di,
VAL S Y, e @Ol 4 (24)
ad sl i e L} e
] di
v. 2RI FoL=%+@ali, tho 2 ddy (25)
1[4 dr L [df
oL, di
= drd bt 7 M gt (26)
uf
<M , 27

o= 5 =y
L‘r A

Due to the d-axis of the rotor flux oriented reference
frame is along the rotor flux vector, f'-,-,.\,. =0and 4 as

constant value, that leads to the stator voltage equations
as

dl .
=R, +ol, ﬁ—m'_crL‘fa (28)
dt !
di, )
v, =R, i, +ol, 5 +aali, (29)



A‘H > Mt:di;d (30)
;
o, =—" (31
rr‘.&l
" .P’._‘!..*'i(,)v 4.) (32)

The invention system for the vector control of an
asymmetrical two-phase induction generator (TPIG)

using space vector PWM voltage source inverter was
illustrated in Fig.5 [12].

&= -
.L.@.@ﬁ,m -
e

{m»@'-«@@ 4
=

.@‘— :

Fig. 5. Block diagram of vector-controlled induction generator.

IV. SIMULATION RESULTS

The overall system was simulated by Matlab/Simulink
software. In accordance with Fig. 1, the configuration of
the presented system was comprised of the wind turbine
simulator and the three-leg wvoltage source inverter
connected TPIG.

The first section, the wind turbine was created based
on the mathematical-model in ¢1)«(5) at rated power of
1.5 kW, blade lengthof 1.75 m, gearratio of 1:4.26. rated
wind speed of 8 m/s. The simulation of the wind profiles
used in this study were appointed between 5-8 m's as
shown in Fig. 6 and the .step changes of the wind
velocities along time were depicted.in Fig 7.
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Mechanical power (W)
£ F

00 1000
Speed (rwn)
Fig. 6. The simulation of the wind profile.
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Fig. 7. The step changes of the wind velocities.
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Fig. 8. The wind and de motor torques.

Regarding -wind turbine model in Fig.2. the wind
torque acquired from (5) was the command for the torque
control of de motor acted as the wind turbine simulator.
The 'responses of ~both. wind and ‘dc motor torques
commanded fromwind velocities are shown in Fig 8.

The final section of this system, the asymmetrical two-
phase induction generator (TPIG) sized of 1.5 kW, 220
V., 10.4 A, 50 Hz, 1.450 rpm, 4 poles, inertia | = 0.025
kg/m® and was connected the three-leg VSI using the
unbalanced SVPWM. To assess the vector control of two
phase’ generator, its responses were considerably
mvestigated. After the beginning, the rofor speed of TPIG
is greater than the synchronous speed followed the wind
velocities as- displayed in Fig.8. Moreover, the main
current lagged.the auxiliary current by 90 electrical
degrees and the magnitude-of the main current is higher
than| the auxiliary current according to the tum ratio of
windings displayed in Fig. 10
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Fig. 9. The rotor and synchronous speeds
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Fig. 10. The main and auxiliary winding currents of TPIG.
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Fig. 1 2. Dc power.

The electromagnetic torque depicted in Fig.11 and dec
power illustrated in Fig.12 of TPIG performed frem the
speed command which meant the wind velocities at 8, 7,
6 and 5 m/s respectively. The results were able to express
the favorable performances of this system.

Vo CONCLUSIONS

The proposed systemn was  the simulation  of
cooperation between the wind turbine simuolator and
TPIG driven by the vector-controlled technique 1o study
behavior of the system. Consequently, the simulation
results displayed that the variation of wind speeds
affected to the power transmission properly; besides,
revealed that TPLG was able to perform acceptably for
wind energy application. This has lad to the developing
wind turbine in small sizes.
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Performance Evaluation of Vector Controlled
Asymmetrical Two-Phase Induction Generator
Using Three-Leg Voltage Source Inverter

Chaiwut Choorak
Department of Electrical Engineering, Faculty of
Engineering, King Monglut’s Institute of Technelogy
Ladkrabang,
Bnagkok. Thailand
chaiwut suf@hotmail com

Abstract—The objective of thiz paper iz to evaluate the
performance of a vector comtrolled azymmetrical two-phase
induction generator (IPIG) using a three-lsg voltage zource
inverter. The proposed method iz a decoupling scheme hy
controlling flux and torgue zeparately. Improved performance iz
achieved by compenzated ztator current:. Matlab/Simulink
zoftware iz applied to the prezented zyztem under varions
conditionz. The zimulation rezultz of dynamic rezponze for the
propozed vector control are compared to thoze for scalar eontrol
with slip frequency regulation leading to conclude that TPIG can
be uzed for wind ensrgy applications,

Keywords—an asypmmerrical swe-phase tinduction genevator.

L IMTRODUCTION

The demand of energy usage worldwide haz msen
continuously. This issue becomes a criticsl keystone for
naticns to develop the renewable-energy utihization, especially
the use of wind ensrgy which can transform to be electrical
energy. Ome of the systems which  perform  the wind
conversion as electricity 15 a wind emergy conversion system
(WECS). WECS haz continually been mvestigated by mamy
rezearchers, specially small-zcale and low wind =peed svatems
to improve their most efficiency.

Induction gemerators az a main part of WECS are often
chosen to use for wind energy applications with both constant
and wvariable wind zpesds In am electrical generation
Commonly, three-phase mduction generators  have  the
advantages of the durability in all operating conditions, less
maintenance than other generators and high reliability which
are sutable for the large-zcale svstems for appropriateby
manipulating the energy consumption znd costs. While, the
small-zcale wind turhines are fit for single-phaze mduchon
generators and their benefits are similar to three-phase
induction generators. To use zingle phaze, the electromagnetic
ripple torque can occur. Many research groups are interssted
m solving such problem [1]-[2]. Comseguently, two-phasze
induction generators can be modified from sinzle-phaze
induction generators and supplied with 2 three-leg woltage
source Imverter in order to improve performance. However,
one drawback of an asymmetrical two-phase mduction

978-1-4673-9740.0/16/$31.00 ©2016 IEEE

Vijit Kinnares
Department of Electrical Engineering, Faculty of
Engineering, King Monglut’s Institute of Technelogy
Ladkrabang,
Enagkok, Thailand
Kowit@kmitl ac th

generator 13 & winding asymmetry caused the speed and torgue
pulsation [3]-[5].

The study invelving the efficiency of the two-phase
induction generator cam be found m [6]. An asymmetrical
parameter - type two-phase  mduction metor (TPIMD s
accommodated from a capacitor induction motor by removing
2 cepacitor from the awxnliary winding and separating mam
and aumliary windings. Thizs modified two-phaze mduction
motor can be controlled by using a three-leg inverter with
difference voltages of each windings as presented in fig 1.
Furthermore, some rezearch groupsz have attempted to prove a
proper inverter type for an asymmetrical parameter type two-
phaze induction motor [7]. Besmdes, the mathodology of the
pulze width modulation driving the inverter to obtain the
desirable performance of two-phase mduction motor was
propozed in [B]. Significantly, the indirect wector control
techniogue is wtilized for the two-phase induction generator
improved by compensated asymmetry of two windings [9].
Az a result, thiz method 1z adopted to operate the two-phase
mduction generator driven by wind power.

4

i s

sKF <K}k

Two-Phase
Inaluction Generator

Fiz 1. Violiage source imverter for operation of two-phase induction generatar

This paper describes the vector control of the asymmetrical
two-phase induction generator uzing three-leg V3L, as shown
in Fig: 1. Tt 1z organized as follows. section II provides the
dynamic model of the asymmetrical parameter TPIG. In
section III, the wector control of ATPIG is presented. The



simulation results i3 given in section IV. Finally, the
conclusions are given in section V.

II. Dvywanme MODEL OF ASYRMETRICAL PAR AMETER.
Twio-PHASE INDUCTION MACHINE

The two-phase induction machine iz basically censtrfuted
by a squurrel-cage rotor and two stator windings displaced 90
n space, known as main and auxiliary wmndings. In general,
these windings have different impedances. The eguivalent
circuits representing the asymmetrical TPIM In stationary
reference frame are shown i Fig. 2. The dynamic model
equation of asvmmetrical TPIM can be expressed as follows
[4] and [E].

S
Vg =Ry +—=
’ (1}
g
Vig = Ropizg +—=
T T feglig T2 .

(2)
oz, + P
=R i, 4=~ iy
Td AT 4)
l,:rv-! =L:|.'|'.§.-.+_ D-Frn.f_\z 5
fg =Legily+ MO8 @
g = L+ Mggis N
e i LUl
(g = Lylg * Moghy (8]

Where V2. Vg oy T B b A B 847 | ate, dq _axis
voltages, currents and flux of stator and retor in the stator
reference  frame R; R, R, are the stater  and  rotor

resistances. Loy Lo, L., Mo Mo ave the stator and the rotor
self and mutual inductances. s, 13 the rotor speed in rad’s.
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() g-axis
Fiz. 2. Dynamic d-g equivalent cirouits of machine

L=F {f;,?f.if-urg —ig f.fg?-u:'d :' e

T
P(T-T, &=J%+B¢> (10)

d
where P J and B are the machine pole pairs, mertia and
vizcous friction coefficient, respectively. (1)-(B) are the
general dynmamic  equations for symmetfrical two-phase
induction - generator which Ly =L M ,=M_. and

Roy=FRg. In case of the asymmetry of the machine

perameters where L =L M =M - and Ry=R,,

electromagnetic torque rpple occurs from supplying balanced
voltages to both couls. The method eliminating the torque
ripple by controlling the stator currents is applied. (1)-(8) are
treated in terme of the rotor mutual flux.

\

.'( i35 3 sL2 { — T
T, 8| | Ml g € s | T el |y
i ~l g | L |
\ 4 ! J J
e [n s LR} (11)
- 3 |\ 5/ e g ™ Mg :r-":' .24
s . Fer 1L i
where ?;; = frd -w:.rr."f.'zr and .f? =’?ﬂi Iy
L
R VNG LY (12)
¢ _E{‘:g?"'m"' g sd g :r":' S

Then, the imprenved stator cmrments can be given as:

igg = iZy (13)

A
fg=aiz (14}

with a Mz _and substituting the variables i7; and 7

<M grd -

by iZ; and J_:} respectively into (12), to remodel the torque as
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The equation (15) is identical to the symmetric machine
which eliminates the oscillating term in the steady state.

M. VecTo®R CONTROL

In thiz study, the vector control classified az an indirect
field oriented comtrel (IFOC) approach with a g-d frame
rotating at synchromous =peed is applied. According to the
dynamic equations (1)-(2), the stator voltage equations are
expressed a3

a4 M da
C =R i i _ i (18)

v, =R i,+ol & aali + A
Mody -
=Ri +ol 2 -@oli, +o == (1]

K Thg T T O Py
L g Mg (18)

R db

‘.'il"..".'-R.'.'

oy = (19

& L"‘-m' 153

Smes the d-axs of the rotor flux orented reference frame

is along the rotor flux vector, /yy = 0and A ; as constant
value, that leads to the stator voltage equations 23

V=R, +cl, {i[:: {a oL, 20
. @, :
Vg=Rigtol, ? —aali, (21}
A= Mgl (22)
;
@ = 23}
N
£ 1) @

The proposed system for the wector control of am
asyvmmetrical two-phase induction generator (TPIG) using
space vector PWIM voltage source mwerter is illustrated n
fiz.3.



IV, Smmation RESULTSE

The Matlab/Smulink software 15 used to simulzte the
asymmetrical two-phase induction generator (TPIG) driven by
the three-leg VSI using the unbalanced SWVPWH. The ratings
of the used machine are 1.5 KW, 220 V, 10.4 A 50 Hz, 1,450
mm, 4 poles, mertia J = 0.025 kgm® To evaluate the
performance of vector comfrol of two phase gemerator, the
simulation results of the vector contrel are compared with
those of the scalar control. The simulation conditions are
commanded with the variable mput torques of 2 wind turbine,
which 1z proportional to squared rotor speed, at speed
command N} of 1,500, 1,000 and 500 rpm respectively.

At the beginning, the starting interval of the vector control
for TPIG with rated torque of 10 N-m at 1,500 rpm, during 0-
0.3 second appromimately, iz shown m fiz. 4 (2) whilst the
starting interval of the scalar control takes time of 0.3 zzcond
roughly as shown in fiz. 4 (k). MNote that during the startup, the
machine operates as a motor. Besides, the amiliary current
leads the mamm current by 90 electmeal degrees and the
amplitude of the auxiliary current 1z lowser than the main
current m accordance with the tum ratio of windings. In
addition, the rotor speed is higher than the synchronous speed
as displayed in fiz.5 which mnlike for the scalar control the
synchronous speed 1= sipmificantly higher than the rotor speed
for the proposed wector confrol resulting in faster response at
start up (i.e motoring operation). At low speed for generating
operation, the rotor speed and synchromous speed seems
unstable for the scalar contrel with slip frequency regulation.
Afterwards, the DC power of both cases iz shown m fig 7
which points out that the power is depended om the speed
command.
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In the imterval between 0.6-1.0 second in figd-5, the
generator is commanded to reduce speed from 1,500 to 1,000
1pme It 15 obzerved that the proposed method can provide the
good performance in case of the speed control. Furthemmere,
the electromagnetic torque m condition of the variable input
torgue is decreased followed in the speed command as shown
m fig 4 (a).
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Fiz.4. zoom of the rotor and synchranows speeds

Smmilarly, the interval between 1.0-1.4 zecond mn fig 4-3, the
generator 13 commanded to reduce speed from 1,000 to 300
rpm. Furthermore; to reconsider in small scale as shown in
fig &, the synchronous speed 13 also less than the rotor speed.
It can be seen that the proposed system is able to operate
efficiently even a low spead condition. Conversely, to assess
the scalar control, the speed of the generater is unstablz in this
circumstance.

The dc power side in fig.7 illustrates the response of the
output power of the system. It can be seen that the negative
power 15 transferred from TPIG fo do source and the vector
confrol can steadily operate in case of the low speed
commands whilst the scalar control is inconsistent espectally
at speed command of 500 rpm a3 shown m fig 8.
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V. CowcLusioed

In this paper, the vector confrol has been applied to an
azymmetrical two-phase mduchon generator using a three-leg
space vector WM voltage source. The proposed method can
provide the unbalanced stator cwrrents in according with the
turn ratio between the aumliary and main windings with the
displacement of 90 electrical degrees to reduce the torque
pulsation. The simulation resultz illustrate that  the
performances of the TPIG with the proposed vector control are
better than those with scalar control . It iz found that in case of
variable input torque proportional to squared rotor speed, the
proposed vector control allew  efficiently power flow to the
de source in spite of low speed command.
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