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Abstract

Power qualityconstitutesa field ofconstantly increasing interest for electricity companies and end
users|In this thesis, power quality events, variations and standaréxam@nedSpecifically,
emphasiss placed on théopicsof ship installations and marine technology

In addition, experimental tesése performed using an IPC sag generdésice in a real
experimental configuratioand the respective resudiee presented and analyzed

In the next stageasimulation modeis developed with the purpose géneratingoutcanesthat
approximate experimental measuremenkte above modas$ designed using thgraphical
environment of Matlab Simulink antlé simulation waveforms agglite satisfactory

Furthermorea detailed discussion on the compansif experimental and stiulatoryresults
takes place.

Finally, possibilities of future work are recorded.

Keywords: power quality, sageneratarMatlaldSimulink, voltage sag, voltage swell
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n' ¢ 24nBExperimentalSetup
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[ 7 A NhF BxperimentalSpecifications

Generator sets 2 sets of Pphase 400V/50 Hz/5.9 kW/pf=0.8 ind.
(Manufacturer Focquet/Belgium, type FB4SA)

1 set of 3phase 400V/50 Hz/5.0 kW/pf=0.8 ind.
(Manufacturer GENCO /UK, type: RF201A)

Associated Automatic Voltage regulators: AVRs (Manufacture
BASLER/USA-France: DECS00)

Motor load: AC induction Motor + Brake: 3kW
(Manufacturer Focquet/Belgium, type MF3A4)

Power electronic converter for brakingSiemens G120/5.
kw/400V/50 Ha/ 4 quadrant)

R-L Passive Load | Threephase, 400 V/50 Hz/4.8 kW+2 kVAr scalable in 3 steps
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(Customized design commissioned by RITA transformers)

Power Quiality
Event Generator

IPC-480 V/200A (manufacturer Power StandarddaratoryPSL
(USA)

Protection Schem
T Main components

SEL-700G generator protection
SEL-751 A feeder protection
SEL-710 Motor protection
SEL-487B Bus differential relays
SEL-2407 GPS Clock
Manufacturer: SEL/USA

Fuel Cell Unit

NEXA K00-792 complete model with incorporated DC load i
monitoring system

Manufacturer : fAHel i oc é& Gdrmanys

A31L 6 Usoa¥Y yeegs rvd Used:

Electric Machinery

Motor (electrical

load) g

Motor (mechanical sl
load simulator)

AC/DC/AC

Converter

Induction

motors —

(prime
Mmovers)

~__— RLload

" Synchronous
——— generators

n' ¢ 25:Blectric Machinery
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Low Voltage Network Panel & Bus Differential Panel

—

e Generator protection
relays (SEL-700G)

» Feeder protection
relays (SEL-751A)

e Motor protection
relays (SEL-710)

e Bus Differential
relays (SEL-487B)

e GPS Clock
(SEL-2407)

n' ¢ 26nNetwork & Protection

Central Control Unit Panel
e Inverters

e Generator AVRs

* Generator controllers (SEL-2411)
e Central Control Unit (SEL-3530)

n' ¢ 27 QontrolPanelUnit
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SATELITECLOCK
SEL 2407

PANEL 1 DIFFERENTIAL PROTECTION PANEL
PROTECTION AND CONTROL PANEL | BROTECTION AND CONTROL PANE. | PROTECTION AND CONTROL PANEL

n' ¢ 28\Ethernet network
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91 Close/Trip circuit breakers
9 Close/Trip disconnectors
1 Automated commands

1 Increase/Decrease Step on Inverters (e.g. frequency control, active power sharing)
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SPEED REF VALUE SPEED REF VALUE SPEED REF VALUE

SPEED SETPOINT IA P3PH IA P3PH IA P3PH Al

SPEED SETPOINT
[ N

TRIPPED TRIPPED

SPEED SETPOINT
[ 9

TRIPPED TRIPPED

n' ¢ 29MSCADAnterface
poUdytoseUd HMIlig2zUda)sad Ueg

Voltages/Currents

Active/Reactive Power (in or out a grid component)

7

Codi

Energy
Event/Alarm list
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From Source

Single-phase
Single-phase CHAE
Source L1
NEUT NEUT
FE L_PE
n ' ¢ 31aSagGeneratorConnection (a)
From Source
E e
3-phase "Y" &
Sourca 3-phase “¥"
Load
12 L2 E
L =
—_—
NEUT NEUT
PE

n' ¢ 32n%ag Generator Connection)(b

72



From Source To Load

3-phasze Dalia

3-phase NDelta Laad

Source

n' ¢ 33%ag Generator Connection)(c
¢ GgooaUsayseyad GgloaUg¥ jUhdlgUal & ggegh Wi j 8l 30 aGas
"9 hU0qUUG slGcied h ¥vd oUs UboaSEbida7eSEMIEf, U g UUa
SEMI S23, IEC 6100@-11, IEC 61004-34, SAMSUNG POWER VACCINE, FAA, MIL
SPEC, CBEMA, ITICa.U.
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n' ¢ 38rloadCurrents (30%Vn, 1Cycle, Experimental)
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A 60%Vn, 15 cycles
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n' ¢ 48rladVoltages (60%Vn, 15cycles, Experimental)
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62n LlbadCurrents (70%Vn, 15cycles, Experimental)




A 70%Vn, 20 cycles

"beasoayd UyvyaUsd GUds “~aUgy ¥ Udd "doed
800 T T
600 — =
400 A 1
L1-L2
L2-L3
L3-L1
200 \ -
. i
=200 M -
400 J i
=600 — 1
500 1 1 I I I
0 100 200 300 400 500 600
n' ¢ 63Jource Voltages (70%Vn,@&les, Experimental)
beasoayd Uvellysdy GUkdgs Gey) Uaasg
600 T T
400 |
L2] 200 ]
L2-L3
L3L1
ol i
-200 M =
400 =
500 | | | | |
0 100 200 300 400 500 600

n' ¢ 64nllbadVoltages (70%Vn, 20cycles, Experimental)

91



L1
L2
L3

L1
L2
L3

“aUgy ¥y Udd "~ doed

Co

651 Source Current§70%Vn, 20cycles, Experimental)

“"aUgy ¥ Ueg (Gaey Uaasyg

" ¢ B6ALlbadCurrents (70%Vn, 20cycles, Experimental)

92




%% Vn, 2 sec

_”

ZDD l
400
-BDD

|

-’
4
: |

:




il rurulrnlul!rlwwu

= WIH\H HH H W mm i '( " Mm |[ ' H M
el

i umu ?

-15
] 200 4Dﬂ BDD EDO DDD 200 4DD 600 1800

n' ¢ 69 %ource Current87%Vn, 2seExperimental)

A IM wm w m w w w wrwwu w
r o ' | o

A HHHMH L

0 200 403 600 300 000 200 400 600 1800




"UUsj Us UUsoayd Usgyt GUsgd

A 106% Vn, 2 sec

"easayd UvyaUsd GUds “~aUgyy Udd

L1-L2 Source
L2-L3 Saurce
L3-L1 Source

L1-L2 load
L2-L3 load
L3-L1 load

n'

¢ 72nlloadVoltages (106%Vn, 2sgExperimental)

95



« z 1 M u 1 n M % n M w n Ht

AU} e OUU G0ds

n' 74n'oadCurrents (106%Vn, 2se&xperimental)



LLLLL

— L3311




U0OU aUds “~aUgy ¥ Udd "doed

20 T T T

n' ¢ 77 3ource Current§l15%Vn, 13cycles, Experimental)

e U0U @ (Bags (i'eay Ugayeyy U

(@)

n' ¢ 78rloadCurrents (115%Vn, 13cycles, Experimental)

98



FceaoslUlehd ~Usjy UsUUsoat 3 eUUjetUxs

HU;UUd;Lsuug’ UU ’U;U’st "Usj UeUUsayY o3 UlleeUU
Usdlygy s 6 6ald UVUaszUs 65 Uszed:

a0
A

Ges Uliey ¥ Usd ageUUseacy Gyl eUwsa aliidy v(sh & 6 U
gdatUx¥y3s hHOGe aUs Urxs Usgyt 0U0~pate)l 0o } o Gddd
"U3 UaUe b BdBUUILS Yolbllrs U A aoavr3 Uxsz ~Us) UsUUs ot
U3 calU uUusUly Ue WBuest@iys V@) depwaiYEdgectlsa 5606
gs'0491’]3;’?‘gélﬂ&?tﬂ{'&‘;shaesl]ﬁe@@ﬁswelbﬁbsﬂﬁﬂ’?‘e33UUg’ Usd
Usj) UesUUsoeayd eUUjetUsd bgdalGlt2, U f "~ aUgy

C Co

"UyegloaYeUs e£€5U Gglossacgosoe clUavxlid Usg ~ oY

m ™

™M Co

d
)

3

even)e } UsUs hUU3s y3U ) e3omsBcdlabx¥&JggO0Udy U

G

ﬁg39ﬁ|ﬂl-L@§ZJG09 86 Us
(U3gyt 3U0Us GU(ds

UeegareysUd @addg eal@bo netdbmgis j toglzesp®UR ¢ U
OU0UbYeootdg Udd &FUcoso) oY se BUCABLIfigaaf &L G|
Uds 6 ealU " UyeglisyYeselUUUs Usédliwbseey UddUs
) Gieshapd@d (e d o jmdmerectangalarf 6 U Uszse jJ haUalUd ~ U,
e  ealU Uley ¥ aUdrBsdii B, shwaPlogapd)as B WEd o Uo s
Us e U0UY Uscevdhly s g U o 3l mebeegBdd)sligasa Ux L 3 (

U U Usyoadegs 69 Useyd Urs e0lgUxzs Gidglomfld

Uq e
} B
W3
)
y } 8 d68 Gge Upstiasy ¥ 0 C

a Urxdd bidoldpyvddds bgda
6g UGgebhWdxsby somfpogy PaswgdBdAUPEg ~=aUgy ¥d Udd

Uy UaUdy stiUsay eYdO bi detdd/ Usiyxvddd. K3U0U
J
0}

"Ujyeglodede Wgs UWhsdelddss®Uksb Y3e3UUd c90) h

€
G

Co Co

y
0

g
U

U0We ddeg ~aYUsgdgL2liz|d. Ugegigawaills a'UOU) heasasU
d3 UsUatUescd Udd “~aUgy Y Ueg Gey Uaeg, Ude
cyldd U Usd (YOmdy: 30E8as UGdy . & b gdda 0 UUs
Uds * Ofiad dardid]

Ges Uley ¥ Usd jotiheeYUlre3e 6oy Uisysdo HUntsD U U PR g Ud ¥ o
soaallUsd U f alleedlslhy sypdlao Udleasdedgy; ¥ Udd
G0ds “~aUgy Y Ueg Gey UaceventUas WOM 8 Gd>s § Y jc W40
seed Us aYlsUd aUs U e6ysteyslUd ~Uys UL G0
e Uyosycegs UpalUUyd 0sUUUg OUs@WadiOdE dsag U & )09k y

(30%, 40%)J U gl Gy & UtaUe UyeguisY¥Yeasags Ujecgsosoayd

spikesphasgumps e UoYaUd Useyd j Ui eUOUcd aUs susU

G

g
}

ﬁ
g heoeddfhUs " UhHdgdetegdald Useyd oaUs oY 6sU

a
Uy UaUdy 90 Usoayd.L3¢d jdyilers O @mvOdd U} a go
£
sy ted Ueg. 095U bgdalGUsgd
Ui e U LAyU9Y Uds @) @38 40

es990) AUV Ud Usg 50
Uddig WalUd Useyd f ¥



d oG = Uda@dstfa U0, U €90y yapebst &ivdd@l) U

it e "} @
bi dstdd Usyssapkeld|fa UssUsa 0 Ublbssd| g Uivai' d@i.a Usd U~
Usgyt GU0¥3 UU j OiLzeUABO W3z G(UrGelgrisa UG U3 sitis Ual

UgaeeUst BUsdg Uxs Useit 3 Usgd ~bwels efhsae oaUUY
bUjeesgaxrd oaUs Uld,; Wicdkpkebthds 69idg oaUs GUs U
eventsddst 65 Useyd Usg oaUUY Uds utBy)8&9U eUUs
s owBsaed i UbiscslUsd .

100



701’]‘7‘3»0(9130}7@9,,?1 "Uy sbYoa83 “ja8lU6ce
U gUUayGeUUU

TioovyeU ~ ) g Malabe arvddd

093" u"2 L
Fen
. »
St ™ pul>
Scope1
il - .
Scoped
o To Filed
n " t = :
To Filed
m
== —5
o Electromagneti t T (p L Soope10
e
Connd ToFiles

Rela < %)
feed; Thiee-Phase Scopes Data workspace
Series RLG Load2

=

N’ S ToMM, S <.>h [ Matlab”

Udas ~ Uy U ¥3y UsoafhsaU GUasUlnedah U sgdogse Usspdq

3UGU; helUs3e GUds "~ Usy Ue Ud® oi aimwdl ad" dJ@@o g G Ws
’ssy;egg’ Usee UUU Us oaUdysU Ues Ux3s 6 6avs, h°

®Ws Uay fpadd) adlbdlelhegy g alilg 6 Uee UUcsd. ¢e UeeeU Udd -~ C

"h Usd Uy Usd o U3z sGerdmtetdGEneratd®, Genesayos8)alo 8 dJ¥ls d
"3 800U0Gs13 “eg Uy maiyal dslysy WaHAeBEHe sGsyggU Udd
saggeneratof 8 g ~ Uy UebYoaaUUUs ¢UUUzi Udd "~ Uy Uorvoed =
aUUUsYaxvildd Us ¢ cUlsUdrvsddpladiddricyoaEds y3 U
UGey ¥ Uss o93dUey U, h ~vd (UBuwSekldoBlockys Yioeside
Gg3sUURUJUU ~ Uy U0eyUplad e@ephdleds y gei®egdc Uaeg UaaY
aUUUo) UGe Udd 660ge Uy siiay Yededtd s g W UWYY sl 3t Git
"6g oUUUosy YlGesUUs dady, ¢ddade Us s ®6aiyg)alluws dodlia U g
993qUe) U. BlClecys sfeplUedled sl0ciasggs UU Used. ¢
aa9¢cUoarUe KWUL.BSVE 8. KW UBKW) oUs d UesYGUsUU U saasc:
} g de 9 e i Uphmmetbishs Rjotkl

C( < C(

BU; UUdy 1 300dg UU 3 cUjUaUdyoatUsay eUoyddq Usg o
"Uaee0oy) Yliegd ~6g oaUUUoy¥YlGegs Usd Uy UaUlUdy stUs
GoaU s08UL30U0U0s Uq szl o &f Biekdldcld odljsd ise hUqUU Ux3 ¢
dqd UsUorvoe oaUs U edeaUgtd Uxs "~ Uy U0 ¥3y U UalUd

101



e U0Uo U3y U0} d DalaWorkspacesubsysteie. Y Fya G Use ey ed e U al
Uy a9)U0eseUl aUa UUsBldgksgz U@ P Hgs8de UdShardge Us i UazUsd
" a U gThreePhase/-| Measurementbl ) Uaa¥Y o Us Lddd(TreePBathe-I Us s 6 d d
Measurementb2 ¥ aJ & v UUy; sah Uesg UasUs Ues Used.

Vabc B1  “>— | Vabc in.mat @—b\fﬁbﬁ out.mat

To File? To Filed

labc_B1 labc in.mat @—Dlabc out. mat

To Filed To File10

n' ¢ 80nDataWorkspacesubsystem
Ocelgtly Goed GUWxpUiGe oaUs GedeUUsoae U Usesafhsstad U
} Ug e ¥ UsalsystenBleckscopg( @ YUy UUsze ey3ed U "~ 3 Yassase U
aoUebyYses3UUJd Us i UrbreeBrmsp/-IMedpurdinentylafks 81,B283Jo Us U
UaxU0U; dag UBc e Uszed.

]
[ 0
¥
0l

asi AB1 tasi AB tasi AB2

Vabe_B1 ] ] Vabe_B3 ]
Demuwd asi BC1 Demud tasi BC Demux taa BC2

] ] Lyl (]
tasi CA1 tasi CA tas CA2

I ] N[

revmaA2

labc_B1 ] labc_g2 ] labc_B3

g
g
=
@
5
=

]

Demuwd revma B1 Demud revma B Demuxs revma B2
] ] L[]
revma C1 revma C revma C2

n' ¢ 8laScopesubsystem

3 c0itUdeU "jpeaUUGs:L 3

g g 60i aUdeU Uxs ) ¢ 0 UdaysytssUsU 260l aeUvodl0 sU ek ehU
“Usy Ueg UU s ogederatorsfeedéthmtgripadf oy dUd +vd Ges h Uds U @
GUesscUa¥s Usg aYdU UegeelUUsd U K Us g Hass 8 a

102



Usaj UaUd Useyd 3 UgevyUrs e UmtabSiulindsd@4a U8By G Us
GUesscUalU ¢ @ d dwly ywiadeaggs o250 Uslhiegd Usd Uzl
UvGdd oaUs } Ui ¢(ThidéPhdisetbMeasurfept) sbd3 o Us e erelayahlicg o
aUebyY3sUUUs vd Uextemdlbedyg Ukdimedldresseassoge

7 Y dRélayProtectionBlock U~ U} U b & Wilkdibsystems y3 U “~e6g UGey ¥ Uss
} UgeyYUxys oUs y¥3U 0909U Uss yaUosoce UwsbsytemsUvs. B
aUUUa®e 26 g3 ANDIK eys3ls U a g, dU d § O TrandpartBetays USmmpleand
HoldBlocks U e UllmUdidas Usee UshBlockg U8s @ U Udmamp@@ddg 3
externalU eBreakerE s de UUsay¥Y @GUas3UUUs xvd Uszed:

Int outt >
In1 Y
Subsystem AND » double » D%{ P boolean pin SH —@
T t Out1
Data Type Conversion ranspon  Data Type Conversion2
i out > ¥ Delay P Sample
and Hold
In2
Subsystem1

Logical
Operator2

n' ¢ 82aRelay Protectiorsubsystem (a)
B UyjplUefegpPosaUsubsysiems h vd U Usd8&z3apOB8xyUaUs
agoeal e UUU, nBilhiUuisstbikdae 11 U 3

Subsysterd ¥ & U ¥ 3

103



e
Relational Terminator3
0
Operator3 MR 0 >
DRM34
3R
Flip-Flop3
Discrete
RMS ss  a ..
DRMS3 Relational Terminator4
Operatord PR ] #  AND {1
Out1
3R
Flip-Flop4
Discrete
RIS o
DRMSS Absb
Demux1 Relational Terminators
Operators »R 0 >
3R
1200 1 Flip-Flops
Constant3 Constantd
Logical
Operator1
n ' ¢ 83ARelay Protection subsystem b
° P
Subsystemm Ug e YU ¥ 3
DEerae I Refational Terminator
\._I I—I Operator >R '
DRMS1 Abs
SR
Flip-Flop
Discrete ul I
RMS T ==
i : e - o
DRUS Relational Terminator1
Operatort R a »  AND
Outt
SR
Flip-Flop1
Discrete 1
RMS
DRMS2 Abs2
Demux Relational Terminator2
Operator2 R ] >
SR
1 Flip-Flop2
Constant1 Constant2
Logical
Operator
n' ¢ 84nRelay Protection subsystem)(c

Uy yuUsoeU, aU0d
aegdaed. U GeeUUU

O O
C

C

™ o CCe S
w

Co-{(ﬁ
CrCo M ® O Ce

CcC

C =3

aBeUdbs 0ydd Usy fpy

Uy a’
U¥ 3

eUd

104

¥ 0 do- Wbalgs Gop 3cttbigieUe ¢ UU
Uvalidis Ucerg aBsBy)Uemc = §
8 agDemuxd Uglg U Usd GgsstGUL GUd UYGUOr¥s. J
JU 86uUs9sUsy) 9UdisweteRMSBIO. s 666U ¢ aifra aUgdyU

Udds el 3a UU d sal¥oe Ws dadimealiy, U e adBrockU 6 g
aUdit g U~

eUUag1i 3

Gdee UUU



U he Us e ubselkilb sUltida Bfe bYas Us Giosaysad Uxs “~UpU Y3
Uzt Uy gU0gectde (Uy Usd (e} yd d e3ece Balaiomade UYOGd)
OperatoBlock. @ Uwa Urs ~ U} U Boveantypegl &Y Bpaig Be (b Yes OUUs 6
U f Ud sSetOeFrFipdliopUe 6 sae U sUUaUatd@id)s GedBd
Uayoceg. ResetlbdipFlopg ¢ Us G UUBobjeatypdo e B UecbYsesUUJ
g hyes "~ a3UsaU UeddAlimAbges WBlWa v odg dle Or siwUs Used UGge

5 R Gy et
0 0 Cns (LB
0 1 0

0 0

n' ¢ 8smh’ AhSh  SRFlpFlep h

o

AY3 GU oY 89U Gcjye3osoe GUsocge, d Usese 6 @gosUddle
Us U sU0U3 U UK Hyose URUU delvow; Ozfdcgloxésoaaly .
Ggatgddliefds GUUdU} e oResetble ywlteeUtdg gl yadysa HHBUD c
Udd UehUerp-FlopU f a6o99af B a&f e oisaly 39d Udd o602
AND 6g yeUs vd UaGeue HimRop U} Qs Ukdipl eygds tilke gU sagy

g clGgaUamaliwsagds e Uszed. yioe Uz 866 Uy UbsyeUOUUSs
y 36 UcHip-Abpyscegs Usee 1, Y3 U o UaNDy cylbas tUlbade el did. Ul
UshusANDIGdgUaavyasUsfgUdasg OPagsbyyidal ~jedoegey

oUsUcgsbalUdgUs Us g el0i tUdeU Uayocaeg J UgeyYUrs
Usee.

FgseyasesUUd oaUUUseosegel GUs Used Gge w3 U
byatece3UUs UsUhd Uxs U sebystaind U1 ¥ cegaaarygs &g
aYUs "8g Gg3U yYoUOUUs oaUs UmMDGGgcddaaydRcU
Usthuegd UU Usubydtemy Gje30 U000 Uk e s U Gy 8390k 0
U gtilUalUe Usece UaUU epliive UG ad oBANDdI &My gyt BH 0O U
ProtectiorBlockd U U " eaUe dUs e U @0Omse3tbloled aoddeg @Nbyhy tidaligd O

“"Uy U v¥3y o2U0o083hd ( UbeReldyProtecioBlbtkba§ UedaUaAlicdU ¥
U Uy oMz 8 5898d Us URrdakés se@gyYa UUGqUH UgSampdes s 6 U
andHoldBlock) y¥vd HUeg g Y3 3Us UszxyUUysee "~ UpyebUdd

-

0 daalgenBrator

g6 g ¢ GU dsdggenetatot) a 3 Bubsystemi e gUy Ue b ¥addW3Us Usg G UUC
UyesliclicliaUd aUs aUUUs Y&ds8 daddy slicssUIUL Uredl 33 f eess AU
stciaed GUe osioaoareU Udd "jJeleeccBodkdfoo#sdqgUUsos
Uy 993 Yse BUasdia UasUs Us 8dU0Udeyseslbodtt) GBIy ¥AHaG

105



Ugyleleps e 6morsy¥ ; Uad Uld8rhliedm §3S(ga Us Uy UdldLlobd hue gd
L2 Load L3 Load.

B UyjplUefegpggallgooalUa) scysag glibdiag ailpbgusmsd bUGa
(y3Ud 295U a¥dU GYGd) 6s 6 6aes yeaega Uds ugsU
U a Ute Udd Uyvyddd Ushlieg Usgd GU jgdesscheUsU
subsystem) " Us o3 asUUUs ¥vd Uszed.

REgeEd  Data Type Cowemlo Logiea | Cpemtor

1 . ‘% s
J ‘ | 2] -
|

1 = |
-
Lisk %g e ‘mk
. Breske
-3
13 o
MUREW IndIng Brezar
Transhmer
L2Laad
- |E- S

2
LISk i é
ol g H
MURFN Inding b—‘
Tersfmer
L3Lload

3|2 -

MuRFN Inding
Temshimer2

n' ¢ 86rSagGeneratorsubsystem

B 4} & dZdMulti-Winding TransformeBlockg Ua 3 Us G gl UdyYsegs Us G hu e
aUs GUsd Uashiusegd Uegd U ttkiUite®Ud alivéhys Uy a(dd / oe
U3 903 YGURUs tgg dig»waU o Us mosrmatppedition , 6s Uy Usd z/

y6e8g3 JgdesleysU UU UgeaoeUUU Uegd GUs U a U
eUU0YbUGd U’ ho UWsdBaeligh)dmsae@)4) éhagopetbion )" 6 Ugo e Y3 UUUs ¢y
UsUaaUoed Uesg U s ¥y aeld(Miltr-Widdig Tamsforme)y/ EU 30 age o007 Gedl
UU Uy UaUdy st Us awentd e sticalray b UWbely Usegd B " s aeg J gde
¢ 68 3 @ (i UliremkenBseakemlock)” 6 g 8 & U 9 U bx¥emalligestidhdi sogadU Uds ¢ OUU
U3 f U 6 Repedtmdgequencelock ¢ 8 U 3 Blask)gody Uy} YoUs86 e£9U Ussaasg
U eUUaUaUUs U K 0 oaUs 1.DaBTymGomerioBlozkgi Uyzc Wen 3Wes”

106



dqd UsUaaUose Usg URepeatigSequargelddic h WegyYUdgddyYe Uadss
U h €90 Usecse dqVicmdss ) ol UddFdpandidpgraticnalUUY a 0U0Gq Use
RepeatindSequencélocky 6 Us vd y3etiae Uds Usee alls UnW@a oxfld

UvBreaker e g Uas3Us UGgstUulUeyses G Ues Miuti-wiiog U Udd e
TransformeBlock (BreakerBreake) . s hoy Udd NeTsBeakerds g i BagUs
GdgstUuleyses GUs Ui a5 o eMilti-Wihding TrapsfoemreBléck U3 dd UY G
(Breakef,BreakeB), Ua 3 Us U Us U} 2 s hoenmldpenatoe & Uy G 0Vaqd s Us

Uz Uy 26 69 ai sadgbpbmtioss Wy GUWdDx0 dRepeatihSeguenclacky ¢ Us ¥ d

y 36 U 6l ¢B UBdeakprBreakeR Ua d UkalUkhegs Uc gy oa Ud

J cli 0ddzedldUy) o1 3

g8 g 60i GUde U dgédnemtorsubsystethUysWUs d Goae fh 30U Uypad
ai @avxelU aUs 29s95U UgUR Uess ahoe, H ¥vd GUa30U0U0s
(Conrt, Conr2, Conr).

')

Ty

-
C

| Three-Fhase
Parallel RLC Load2

n ' ¢ 87nCeneratorssubsystem

ZFUe Uy oG UUsubsysteny) drd c DweeRhastbourceBlockUe 6 " saaas ye Us U
jhoee Udd UjeielislalUdElldfy WUes WwelU=b hg Uvpedygs y 3 U
(Asynchronousviachinep.u. UnitsBlock),e & ~ 8 a 8 dUaU "aci (blbextaU cileodldd
i 06} 63dd (Syrdrrancuddachindmu. StandarBlock)aUe b Y3 e3 UUd Ud s

"Us Ui ¢ Usd ExcitatolSystedBlodk h ¢U&® Y d Ushueg Udd -~ Uy
UsselUysU0d UsUsHUBUBUEUG Ugs oo Wesilbsysteam Usg ~ Uy U
"9Ugoc¥3UUUs eyly Usg "~ eoedesgd Uxs “~Uacgoy Yl
Us J UielU BGeope).gbobilUgoldy astUseayY cUoydd Uesg UG

Co ©O Cc Lo

107



UseesaeesUUs &ddmigSgopd U sebpd® § &aie g@U P Ua UsscU
3

U’
9 selUysUd aUUU2; ¥ 6Bmmdembsystey UU g fHaoaes U

U
gUoy Ue UUos o e Ul WliblatlitiaeUd b o

ZFUds Usfaesgdd g eUshUdJUU Ueg aUGUaUasg U Uazdo
U gUUeayGeUOUU Uxvys "~ Us) UfBUES §ds UrypelgodasecdBBr i Uy
GosU adUrxlGd RHUs UeMallhb jad)lolro sod colbow e @hda U g 3 Wald
“"Usj UesUUsoayd( 3 UoelUUsoayd) eUUjetUsd

gy easafh UoavYaUdeU Udd secYddd f 3 esdl el alhyyaladdy oesUl 33
UimUGooyd 0D5U0Ua0d@Us ) a Uxiddd. ¢ maotlgd eOUs d |
a93qUey; U, d e 8alU iGUU; U U fh useseyd ~UyU0U0d, e
1.8 secU @ Ui U0y d ©e0Us d U 6eUi  +viod jbwsUélyes scaa i |
Uvevent GosU Usg tUias ~ Uy U Ysr o§odslyd,e ded adly 308 atby sofe
GovYabg8UUds byaUsiUd aUUUemgntjiedUv»d&sUo2aU0U0EB ¥ a
Uv¥3s “3e8doei e¢U3s¥3 motdrlodld 3 Usosaszdid Uesg

A atddigahyme) aUds ~Uya UrxlGd Uvys ~JRICGE&YPs oL 3 ¢
agoalelUUsd eUUsKW.dgdeodecydgs WHHYHBd da UUasoe U 9
Us o e UUamplegartyde , d Usee Udd e sampegs ¥gdeade&dosU
jeyoagyeeglk thgllggeahas UsUd/ a0 Usey) sUd Uvs o) Ulsas

N ld

ZUd Gg3ayeUsU "~ Uy UdyUessUUs UU U gUUeayGeUUU Uvxs

108



A 30%Vn,1 cycle

easayd UvyaUsd

aUgy vy Udd

Li-L2
L2-L3
— L3-L1

"doed

-800 L
24 245 25 255 26 2.65
n' ¢ 88 Jource Voltages (30% Vigycle, Emulator)
"easoayd Uvsllgsdy dUbdgs Ge) Uaasg

Li-Lz
L2-L3
L3-L1

S R EE R

n'

¢ 89 lhbadVoltages (30% Vn, 1lcycle, Emulator

109



G0ds “~aUgyy Udd "doed

|
24 245 25 2.55

|
26 265

n' ¢ 90nJource Current§30% Vn, 1cycle, Emulator)
AUi e 00U GU0ds “~aUgy ¥ Ueg

L1
Lz
L3

-20

| | | | | |
235 24 245 25 255 26 265 27

275
n ' ¢ 91albbadCurrents (30% Vn, 1cycle, Emulator)

110



falaUjeedeUssose 6 e os3dUey U

d¥x3oU

\
\\

H.
|
¥

o . \l . \
‘{\a/”"af M)'W'»dﬂwf' ‘” ‘Kf J"’p“lkfﬂ‘w'dw ‘wl f P" H ’“I ‘F,{\ “ffj'w' ﬁﬁ "vdp“\wwﬁ\)'w'w F"

22 23 24 25

26 27

n' ¢ 922aTe(30% Vn, 1cycle, Emulator)

sae UUci UdqUU s8s33dUey U

28

|
0.98 ‘I

21 22 23 24 25

n' ¢ 93rRotor Speed30% Vn, 1cycle,

111

Emulator)



AUi e U a0yUd oas3qUey U

23 235 24 245 25 255 26 265 27 275

n ' ¢ 94n18(30% Vn, 1cycle, Emulator)

A 40%Vn, 50msec

o r

beasoeayd UyvYaUsd 8Uds “~aUgyyY Udd "doed

Li-L2
La-L3
L3-L1

n' ¢ 951 3oure Voltages (40% Vn, 50msegemulator)

112



Li-L2
Le-L3
L3-L1

“aUg; ¥ Uesg

ey Uaaeg

235 24 2.45 25 255 26 265 27 275 28

n' ¢ 96rlhoadVoltages (40% Vn, 50msec, Emulator)

AUi e OU0 aGUds “aUgy ¥y Udd " doed
40 T =
30+ —
20 —
10 " | ‘ I A ARAL AN AN AR AR AR A A A
f\ |‘| | | | U “'\ | J
L1 \‘\I‘I‘\II‘\II‘\ | \l\‘l‘
p— TRt
0 |I \| (VY VWALV AR A

\ I\ ‘
200 V ]
30 |
| | | | | | |

n"

113

27 28

¢ 97nSource Current$40% Vn, 50msec, Emulator)



AU eBdd»UVUglere ; Waasg

L1 N

L2 1

L3 T\
|

2.25 23 2.35

n' ¢ 98\loadCurrents (40% Vn, 50msec, Emulator)

24

245

25 255 26

2.65

27

falalUjeedeUsssae e e os3dUey U
T T
L
16
L
05
oL
| | | | |
23 24 25 26 27 28

n' ¢ 99 Te(40% Vn, 50msec, Emulator)

114




d¥y3ollBei UqUU ss93dUey U

0.88 — T

2.35 24 245 25 2.55 28 2.65 27 275

n' ¢ 108 'Rotor Speed40% Vn, 50msec, Emulator)

AUi e U0 a0yUd as3qUey U

2 21 22 23 24 25 28 27 28 29

n' ¢ 10%L1s(40% Vn, 50msec, Emulator)

115



A 60%Vn,10cvies

"beasoayd UyvyaUsd GUds "~ aUgyyY Udd "doed

T T
600 — —
I " A PANTARTRATARAA AR " . ' )
AR A R AR
00 || | |I | H‘ | \‘ I‘ ‘l\\‘ ‘| \l ‘l I |‘ R A
|
200
AR R R AN
| A
ST ATRINTT TR AR R
) o A A A A A
-200 | |

_—
=
_
=
=
=

-600 —

\ | |
| W | i
| | \
l H | H I lul R LA |‘| il
AR e N "J’ VL ‘.j W

n' ¢ 10%Source Voltages (60% Vn, 10cyclEmulator)

"beasayd UyvyaUsd 049gds “~aUgy ¥y Ueg Gey Uase

T T T T T T T T T
i | A ‘l" |'\‘
|

| |I
|
!

f| A A
"‘ | il
|| HIT

o
I
il
|

Li-L2 |
L2L3 0 |
L3L1

=200 T

=300 T

-muhl‘ ‘H‘ |‘I tin

i
so0 | VY

|
|| |‘\
i

24

n' ¢ 108'1loadVoltages (60% Vn, 10cycles, Emulator)

116



n

“aUgy ¥y Udd "~ doed

* ¢ 104 Source Current§60% Vn, 10cycles, Emulator)

“"aUgy ¥ Ueg (Gaey Uaesyg

* ¢ 10& " oadCurrents (60% Vn, 10cycles, Emulator)

117






































































































