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Harmonics Modeling and Simulation on Drive System
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Bunpot Moksiri
Patompong Tangpaiboon

Assoc.Prof.Chongrag Boonseng  Adrvisor
Year 2014
ABSTRACT

This project introduces a way to analyze harmonics from AC and DC drives
system which cause harmonics problems and reduce the efficiency of the system. By
utilizing Microsoft Visual Basic to develop a program that can be use to calculated the
essential factor and process those information to produce harmonic indexes
parameters, waveform graphs and harmonic spectrums while compare them to the
IEEE 519-1992 Standard. This program is designed to be easy to use that mainly for an
entrepreneur or an engineer who is considering install motor drives to their system,

which can prevent the future problem that will occur in the system.
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(0°-120°,120°) A1 negative sequence HAlgdaunariiyy 120° iuiunsaziifanisvyy
asatutuy (0°,120°-120°) du zero - sequence fadisafuiamuaiu?, 0°, 0°luszuu
Trbihanumiaauna Harmonic phase sequence @unsaasunslasnisaududuensludindruwa
positive sequence Uni snagrandl enslufinddusuiiz tnagld 2x (0°0-120°, -120°) w3

'
@ =

(0°,120°-120°) Tuvaue#i negative sequence 1iuan3luindduiudl 3 151981891 3x (0°-120° -

&

120°) 30 (0,0,0) phase sequence BaduAazduiuansluiindarunsaasuielddneisiiedu

e

ot

pauRaisuluszuulnihmdsliasdiusznavanslutindiavassil
a g0 w oo = s
o gslutindandun 1, 7, 13, . . . \u positive sequence
® gsSluiinddaui 511, 1T, cnne W neegative sequence

® Triplen Harmonics 8udun 3, 9, 15, . . 1T zero sequence
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nsUszfiuArauiaieuariludndiildvaisisuandrefuly usiiaas
wé’mﬂmﬁmsLﬁuﬁﬂmmLﬁaumﬂuﬁﬂémumm‘sgm IEEE 519-1992
2.3.1 FuiidinvesensTuiing
T noslutinddildsunudonldiog 2 wuudsefldmsiarauiauion
ma@gﬂa%uﬁﬁaﬁiuﬁnﬁ%aﬁﬁa Total Harmonic Distortion Wag Total Demand Distortion 4
safilinisrmnguaduresianszuauazussdiu i1 THD AerildTaesiusznovansluiing
Tugunduiifiaiiou lnsnsumniisuiuayagiu Jsanduiidrdannsaiuldiialatniu

NILLALAZLIIAU AEUNIST 2.1

THD = EET]M Mi
=S (2.1)

lagiien M, AoAesdusznaueniluling A1 RMS vosgunauRfaeuTufmuin
laann sinddaesvemaiuveseldussnaurinunsuieryagiuenidaes faduisiamise

WHUANMUFUNUSTENIN RMS Wag THD Taseaunis 2.2 1

— hmax 2 —
RMS = ‘ h=1 M;, —Mlm (2.2)

Al THD Wurdifiuszlovdlunategduunidinaiidedidnluuisussnisay

8
- = ]

' 1 = v o a v e 4 4 1

A1 THD a11130usuentenusaunazinaanusanunilsuarduniaiiguuazanaseuguulvan
AUNAUNIY [WuauTIiuaansndendm gy daiiio nssuaiiiaioulaiuitusen

1 v a ! = v Ha i oo« - v J
THD lanunsaldeduerrmnuiaienvosussiuiiidedufiuvdseq Wisawnisdeanisagignues
wssiulugumdu vl THD Healdlumseduisussiuniionsluiind aussiusriluiinddiulng
v o ) | Y < = v v

szgnondlasussduyagiuvesgurfuiiiannussdugagiuazuUsiasuluiieadniias fadu

w599 THD azuAfinuuau
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AaNSlUTadnnveenseuaansluindnondadrluluszuuinia Tasdauiinld

U
o
2/

AMUUATATINAAURALNEUAD AINABINITAIULABUTIN (Total demand distortion: TDD)

= € @ 3

WUNBDIAMNEUYDINT AT ludndliAUasidud

nan 15 1 30 uri) IneTndrdnanuieuvenssuaansluiindfissauunsaiusieg Iuandlily

YoImuAvINISNIEualnangsan (luyas

= qn' I s o w a 2 ° a
AN 2.1 LagmNsIan 2.2 m‘umﬁ]'mm'ﬂLLﬂﬂ\ﬂumS’lﬂ‘UﬂUS5UUﬂ’]‘§W’1<1’1u1uaﬂTw‘lJnm (W

N1 1 1l09) MINNISYNuRIaIuaINIsinutasni1t TadidaauiieuTeansELEa1Lnsa

Wylana 50 wWesidus

A15199 2.1 FadrnanseuaaTluinddviusyuuinuung (Lsasu 120 59 69000 Thas)

1 nszwasiluiindasgaduoiidusives | lunsazdiy
<11 11-16 17-22 22-34 >34 TDD
<20 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 3.5 2.7 1.0 0.5 8.0
50<100 10.0 4.5 4.0 1.5 0.7 12.0
100<1000 12.0 5.5 5.0 2.0 1.0 15.0
>1000 15.0 7.0 6.0 27 1.4 20.0

= A o w o o w o ' ) =t 2
MA1319N 2.2 ’Uﬂ%qﬂﬂﬂiglLﬁﬁqﬂﬂJUﬂaaqﬁiUixUUf\]']WU']U (k599U 69001 D3 161000 I’Ja@)

nazwagiluindgeaniunasidudves | lundazadiu
s/l <11 11-16 17482 22-34 >34 DD
<20 2.0 1.0 0.75 0.3 0.15 27
20<50 5.5 1.75 1.25 0.5 0.25 4.0
50<100 5.0 2:25 2.0 0.75 0.35 6.0
100<1000 6.0 2,15 2.0 1.0 0.5 7.5
>1000 75 3.5 3.0 1.25 0.7 10.0

e Isc Aia nszuadnIIsiyadaunesyuulni (Point of common coupling:
PCO) szmInsszuvvasnisiiiuasdlalniy way 1ie Arwdesnisvasnszudlvanggn

(@wsznau-finauiiyagiu) 1 PCC
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AonsnTivaaunseuasiluindndldlnirdndisyuy eliwilaladnssua
wantzliidusumgriliussiuiinnufiadisugaiudaddamuaszyliluasei 2.3 Faen

1Y)

ANuiaLiiguinazmed miunisinnuvesgdnsallaedegniesuazadstdivssuuiisingg

iauluan1izdnd (Wundn 1 92109 wininnisvinauiiaiuiaitisunind Yasiinvesniy

a & Y a et ¢ 2 ¢
N@]LWUU‘U@GLL?QﬂUﬂTMWiﬂLWMlﬁﬂ\? 50 Wasigun

= o o w Y1
ATTWNN 2.3 UAIINALLITIAULNEU

. . -y AMULEULSInUluLAaz ANURALNEUVDILTIAU
FEAULTINUYDIUEAN PCC o5 3 o f a e
A1PU9E15LUTNG (%) F15Luindsu - THD (%)
69 KV Lagini 3.0 5.0
69.001 KV £19 161 KV 1.5 25
UINNTT 161 KV 1.0 1.5

2.4 uwasniiiaansluiindanluanninasmvnssy
Tunadugramnssuadislmisimsldaunsaliliifududuedraundvats 3
gunsaimarilliiliAnnszuaesudndidngszuu Wuannmiaaudaioureusaiud
Uiaslallén gunsaiitlidudaduiliduaiaivhlismussnauidshing lunngnamnssy
3aiin1sld Capacitor bank tieUsuURMUTEnaUMEiATuLATENsEnduRuAIEs U
AnusTauuudtugng sTeuuudiifniuasilivenesuiasmiouasiinudougauareunsals-

3

dnlnstindnilamnullunisnovauswiuiawainduls

2.4.1 Three-Phase Power Converters

Three-Phase Power Converters WAN#N3fU single-phase converters 184970
o ov o w § a cou wu A oo e o ' T |
fuldadnszuassludnddudun 3 Faterndudeliiuiovedraunnmiserfluinddsun 3
Wuesdvsznavaslulindvunalugiign eghslsfimuendnualianizvasruidiadutymens
lilndliszuvagfaguin 2.3 nszuaninunasine ASD awansuansludndluguil 2.3 asounguiie
DC motor drive motor input, Voltage source inverter drives (4 UAITULAGOULUYU PWM)

anunsnaiauEaNeulifIsun 2.4



200 T
2 100 Y \ ~~~~~~ J ,/l B
R ) U S SR - S e ] -
=
= i P\ : ‘\ A
; \/\/ AWAY
! i 1 L 1 1
2000 5 10 15 20 25 30 35
Time (ms)
(a)
l()ﬂ T T 1 T 13
Py L FERED SIS, . RN ISP RS e
el e et i mm R SRS -
E 40 el - = Al - ....-...' -
© H H H
20 ff -+ foeeeh oot =
0 eh 11 b i1l b e b ot e b
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency (Hz)
(b)

3UM 2.3 nszuauazansluindananiuves Adjustable speed drive wiin CS|
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ludruduwnves PWM drive gnoaanuuulsiimiioudu switch-mode power
supply Tureufinmes Miseanszuasvdilagnsaain AC bus liidLRuUsyualugjuaze
wilgnhuunadnuu DC bus Faifulszgesgnunsaluganduiadiidunnng viliAanssuad
Anitpugednunizadiaynseee luaesidsnseuauuy 6 wad mvualidinseuansanudas |y

aunnsnIzuaaduvaawa A wandlanall

cos(mt) - % cos(Smt) + % cos(7mt)

i,= —I4 -—]]Tcos(l lot) +%cos(l3mt)- -[%cos(17(ot) (2.3)

+%cos(l9mt)...

(a)

)

(c)

(d)

*
Y
-y

>
AY
gj-
s
"

\
(e) L b -
’ i “
;
— ’ ’A A =
™\ / 1 %
b 4 L -

JU# 2.5 Adu 6 Wad U3ad (a) wsssiula fa Tamsea (b)(d) nszuawa Huaseauwdsiu (e)

nszuaat sz uunivlauUadauy tnan-Laasi



12

nszuadaEnagU 2.5 (b), (€) wag (d) mud1du :nn1sdannaunis 2.3 15mui
1. liiwu triple harmonic

@ e

2. wamaslutindduduiiek:11de k uswiusy
3. dwivansluidnddudun ek+1 10u positive sequence wavasludindsudu sk-1 10u
negative sequence

4. wwenszud RMS yaguAuinlaain

() D)1 ()

(2.5)

aftsznauresgUady 12 Wadussnaushenduuasguadu 6 siad 2 nquiign
Jousnanyantdoudas 3 wavuuiu Fshensiinyagiurasussiuvasia 2 nguilausiiy
wardlyadauainiu 30 ssmamgy 2.6 ?ialﬂm"]ﬁgumswmgﬂLLuu‘uaagﬂﬂ?{u 12 Wadlingu
99 6 Wadiia 2 Foshalumauauiieai vilsinszuaideufiyagiudedtuiiva 2 dewas

wilaulad

e
i ¥ 7

-1 / 2 143 /2 T .
# Time

5UN 2.6(a) Undu 6 Wadanuiiaudas nadf-ans
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Six-pulse bridges
Convertor i .
Convertor Transformers Ly
busbar —‘@_-
CBI Y Y 1
| X i
Y A -

P < o o @ Y
g‘dm 2.6(b) 1935tA78USHUMAIUY 12 Wad

wanfe nIzualnl AC wzannsauanildfmenasinvesoynsuiSesues Star-Star

o T
AUNISN 2.6 AT

23 : cos(mt) -l—llcos(l lot) +

(i)12=2 (T) d

(2.6)
I I I
= cos(13mt)- = cos(23cot)+3 cos(25mt)...

<t & v F a o w <
Fanasimoynsuilavsznouldmeanslulindanun 12k+1 Tnennszuasslu-
Undvuasdnaun 6kl lnehl A1 k Wurd ndsuiivgulunumdaudasdsiunszuana 2 wilile
< o v o q o < < o & <l
wdoundmludiilaveanszuaadu 5UN 2.6() uansguaiures 12 Wadmuununaiuazsui

2.6(b) wansluwnuud

' o vy oy v v ada W = W o
luduiuarlaimsldvdoudasaasiniyusiiaiu 30 ssnFeainsguaiu 12

Y]

Wad Janmnnsiawladiinsieasuasan a1 uuunsal wAINAITFURIUNTTIUIUTBEN

geluuguniu 24 iad ananseadrelagnisindeussaavosmioulas 15 as way 48 Wad

U

windinsindoussrinavamiouwdasly 7.5 asan egalsimuisuinimguiszamisoai
o = o A ' ) % o < = o v a

sundumanillaguadiuniandi 48 Wad duwuldernuniiiesainguaduariinududouguiu

N Fuwatgazannsaiulalivuiediunsdues 12 Wad nsuiuyuindeuszitunfeades

[ 4

Wionsnsinnuiadngadu inlinesanduasmussnaviivinsanlunisvuuiuveadauwas
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AuFuuRadveIgUAiuNTELEaRINAINENTIS pke 1 uazaunvananludadiuiudiduaes

g5 luiing vilvanensluiindsusu 71 49 Wuduluasivuadnuinuasaiuisasniiala
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E
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£
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(b)

= E o o W o« o < w oo w
3UN 2.7 (a) nszuaiavaniosllsiuidawu 12 Wad (b) ainnsuvauniosundsiumda
WUy 12 vad

nsisanszualutuneuiiedndnudmiu pc drive awSsudisudu AC

drive ua1 DC drive a¥litianiwesauiuazvuianeiniasanisnganit egrslsfinusia

wazengeuinaiialdg1evigandn AC drive DC motor dnilugld six-pulse rectifier faguit 2.8
] '3 il &, >l o ' " o a '3

mnilunainesvuialvajasilu 12-pulse rectifier Feaztavantisnanwiuvedniamesuas

nszuaaniluiindnszuasilulindvuinlvaianues six-pulse drive Aeasluiinddiui 5 uax

7 Wulgmanlvairenisnevausssyuu Tudiuwes 12-pulse rectifier avanunsnananiluiing
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s

a19Uh 5 uag 7 lauszanm 90% Juiuanuliaunavesssuu doideves 12-pulse rectifier fadl

P a
siauwaiuly
G-pulse
ihyzsstor rectifier
v(t)
£
ANAR
A%
A field
VB may be supplied from same or
ve separate power supply
- ~ Armature
X AR

Ui 2.8 19sgunsaliuimdsunaimeinssuansvin 6 wad

Tu AC drive fueninmueanassidoenszuagnivasudusnmuauusaiulagld
AnuiBuredinesuUaiiu Voltage source Inverters (VSis) w3 Current source Inverters (CSs)
nsdl VSl fesmsussiunszuanssasii (@5udation) ieteinduneiinesinsnsesauiulse
w3 LC filter dhu CSI fasmsnszuansiishuidhlnensesmilntuuuaynsy

Taeund AC drives aziianldfunawmeinsanssenuainaiuiiniliinaumuniu
5161 lifeen1snistnsenauan duluvenesdlstaszliiflosoinisauauanuiai
wilugh AC drive flealfiduszuy Vsl fremaiin PWM iledansieiedunsuaaduadnoruiu
Wadnszuansaiiinuniassiudatusuil 2.9

fhdunesinesannsaldlés SCrs, GTO, InSawmed uay power transistors Lo
a$raWadd vsi PwM lumadendiissansnmdumdsnuifiandmivlasiiidesnisiieatn
niauasiivunegiafes 500 usih Uszloviduves PWM drive Aoliifipsnisuususeiudiu
senvervsIBInsTuaiomUANAI IS awnsaunuiilalenduenszuadislniamnes
uwazlifoinsnesanunuiniameslasiidigesld scrs uas Bunefimesuuu 6-pulse fsy

71 2.10 %3a 12-pulse DC drive vunilvgy
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diode transistor
rectifier inverter

v(t)

Va

.l AV
b T [ moTor
Ve

11 44

JUR 2.9 2sgunsalduidounainaivlin PWM

VSl drive lugu 2.10a dYadrindunsainfeanisnisiasundasanuiiuuy

as

viuiviule d@u CSI drives Tuguit 2.10b fianausduduadesnisueinesilinuaudd leading

power factor (1tu Salanianaineiviedudndunnemiiulszy) wiaiinsaunulviames

Tunsldu Csl drive Aespanuuuielinuuamesiiey Wsawmeslu CSI dosausadoariunseus

nszvndaiiivlasdvdaiisangs

ANAITURALNEUIINNTZ WATSLUNAL ASDs Taliasfiiiasainainmsouazan

¢ o o = o = 4 o =
vesniasuly Tuguil 2.11 wanamsinuasnsdluas PWM ASD sURAUTInILEY 42% Lisu
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I
Amperes

Rated speed 42% speed

Harmonic Number, h

JUM 2.11 wavesrnuiasensruassluiing

2.5 ANANYUZNITADUAUDIVIITZUY

Tuszuulwihmas nsmevausswesszuviinudduiisuiiuuvasindnens

1l
=1

Luiind Fanuaiaud svuulwihmdsreudrasnuniusenssuaigndmnlagnisenialaiiig

' @ o

aseiluiing FawanauausmeasszuulniiMdmaruiudazdudy azannsnthuiesuie
wansenuiiiniuan asenalwihuuulidudedu vuaufiaisuresgUadunseiuiisius
dmeiidwarenudnyuznsnouaussasszuuliih Wy Suiwaudsavesszuy, msliegues

Capacitor Bank, 91uuvaansgimamuniilussuulni

2.5.1 duiuaudvasszuy

fiinauiyagiussuuaniisuiaiiouaudiunumilsn waguATagn
\5un7 Short-Circuit Reactance Tngfidraufiuysyyasgnlusiuvuszuvuansdivioly
magaamnssu Ferdignliveslunisinueiluiinduuszuulninhdsiiosn Short-Circuit

Impedance @auisaAuInlanuannsaane Uil

kvZ  kVx1000
MVAgc V3l

ZSC - RSC +jXSC — (2.7)

Wle Zsc = Short-Circuit Impedance

Rsc = Short-Circuit Resistance
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Kse = Short-Circuit Reactance

kV = Phase to Phase Voltage, kV

MVAsc = Three Phase Short-Circuit, MVA

lsc = Short-Circuit Current, A

Zyc A Usuailuguue Phasor FausznavlumeiaAnanuduniunasAiionuaud
adalsfimu dhdeoyaves Short-Circuit Wildssydonavenaurdsdulfuszunaindus

Reactive ludiurasaianuwiieniiazwusiasumuanuiuuu dudadumun iy duwus e
Xh = hXI (2.8)

luszuulnihings Aranuaunmutineslddmauinindeni sAnwinansznuain
g3luilnd dmvaneds anenida ArArdunuarLUSUAsUmUATSEINIUBIsINE1AD4
Y93AE Skin Effect Lﬁﬂﬂ’JWﬁJﬁﬁﬁ’le‘ﬁu Josn Tuiesagafenfoniouvas iesnuaves
n1snseevesnmgadsannssualuai Tnsfimanumumulnnguamsiowvasuieig

= =

at 1 [ [ [l LY = H !
U sHUMUBENLUUARdINAUAIIUD Tatll

[

Tuusslovuadrunndenisidigaunaveaniais-

'
I 3

Tauwud Feazinnedunglududaly

Tundfoutasiifivadnassn Huunadnnt 100 KVA AmnuFunILTIUnaInae
fidannidafisuiu Suiiuauddudugaunaviunaveansnszarevesnszualvau uaziina
ilsadnliosdenmdumusiuaunssiisauitugaia 500 Hz Fasfoudasuurmdnivanil
9199xldns1du X/R Wiy 1.0 w3e 2.0 finnmdyeg luvuziivsioudaswesamildesiiva
Tt udnaeiidasdudszann 20 fa 30 FfuditdarimddnulimsuRuaudueamionlas
Tunsfuniiasann AduRuaudresaeimdasinnuuusianduiiuaudsinueeszuvazio
ldn1sharswnegreseupeu

fiRusafumnaly wulussuuliihwesgranvnssurmmuviteni ey
fnazgnunuiiedn ufiuaudveamiioudas lnen1sussinaiiuivanues X, Snayldarvas

BuUNLALTUDIMT B UaIANNANNISAIL

Xsc = Xix (2.9)
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FamsUszunaaflaoud1einnuuiuging 90% UaIBuRnAUTIINVDISEUU TIRREINe

dmsusruunariivieliinisislawuudvasansluiing lneduiuaudueadawdadluviie leviy
Aatl

aunsoRasanlanivasidunvesduiiuaud Z., anulduuuuman Wuluauauduiug

(2.10)

o kV?
= (svas) *Z(%)

1A MVA 3 Phase A1 finm kVA vaautiaudad virldatursoauudladn

sufiuaudianduanumiisniwsdulnaiu nifeuvas 1500 kVA 6% lasdufiuaudsauuy

DU
32UV 480V aunsanansanlanail

ma. o/ _ ((0.4807 B
Xee = (o) Xth(A])—( s )xo.06u0.0092 @11)

o o v o e P o v - o @ o] P ° Ve
WorhAuduus tu@euiisuiuaud dmsussuumiduanumiesin (il
pudnawlan Deaealsimunsiwiilyled

Aufvuszgluszuv) TnefiddalwihesaasiingAnssudia

o 1 _ar .d a oy < o v o v a &
nsthidnuUsEInniansan Jabimungiesiluldfuindueniluing

2.5.2 Buiuaudvasiniuusey

Impedance (ohms)
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E‘U“ﬂ 212 ﬂ'ﬁ']wLLﬁﬂQﬂ'mﬁJﬁiJWUﬁ'UaﬂajJWLLﬂU"ULLaiﬂﬂqql\lQ'Uﬂdsguquﬂuﬂ')"lﬂJLMUU’JUW



20

duAuUssuuuruuluiuilaaieuiudsenanimmaliihvio uussuvane
dedmiunismuauusivaziiiduiuaudvessruudsuudaslumunuivessyuu Jaifu
Uszalilaasnesluiing usensluiindanunsedwmastnaguusaunsimmiumani luvaefiainm

wilenhasisdududaduiunisanassesmnuiiudszgauanuduiug

1
2nlC

Xe= (2.12)

C Ao Aranmhuszlumhierhin Saaiddnalildssyulidmsuduivlsga

Tuszuulwihnds Fadnagszynnitu KVAR 3o MVAR fussduiidmun 3999sauyanes Line

to Neutral wedf1AUIAUYsERTiAINAYagIU @13 Capacitor Bank asnsaiasanléain

kv?2

X =
C Mvar

(2.13)

2.5.3 maslyuiuuduuuvuiy
& w 2 ' ' =i o a1 =
ITmuasassznauluMmemauivusyguazmanumiioniy faaaud
s3sumIAINNImiaaT Judlemnudmdrtignnisfulasvaauuuliifudaduasirlinszuauay
Py ) & & 1 o S @ w a ¢ o as
ussunAIAMLATLg g eliiaduiumuesgmnesludnduuszuuliinmas
Tumafuansmunsiminiuvesnnuiaiieuvessnsluiindannisnssfuues
v a o d a a =t ¢ & o v & a i
Aunulszeiautesiinund Fansnisaluuuiisinagseylddndulgmnmsiiensislsuuuduuy
yunanuiesuiindngnaiiulaginanwuulidudadu gui 2.13 uanssuuieigeds
finsiiean1gnisisleuuuduuuruiy Jeanyuuesvesunasiuidaarsluiindsda Shunt
Capacitor azgnuesinvuiusruUiituaumiienhinudensiudng Sddnindussuugn
ag va (] o = - oA = o ] Y
aunAliiuvdidiousadunanudyagiuiisrnie szuuidiuvdsdiouseiuiegluaniae

o a s a & 4 ' | a a ¢ P v W
AnIT ﬂ'l'5Lﬂﬂﬂ']3LiI‘ULLUU%LLUU‘UUWULHQ’UULQJ@ AN Ke LAEAIDUNLAULVDITEUVUNITUNAN

(%
=

AULBINARAITEENIT AUDLTIBWUUTLUUILIY T9a1unsauandlasail

i =i 1
LeC 8L, Emyil

(2.14)

eqc
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Tnaii R = NasIAMUAUNILYDIUMEIT IBuazrlowUndALYa
Leq = AW TINTEIIUEN B LA udouUa
C = AeAuiudszaues Capacitor Bank
finudislawuud Sufiwaudusnguessasuvuuesiamileniuagdufiu

'3 =1
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Tagfifn Q = XL/R = Xo/R 108 R<<XLeq
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anufislauuud /1 Q avulsiuiwmeiiiorsanuussuulniindidndaus 5 Uunees Feeder Tu
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W AnssnveInseualugnninmainnisslowuudiuuauig nssudlwaniu Capacitor Bank %50

Tuszuulii A E 0T esonance ¥ANLNT0ATIIANUFURUSIFFIT
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v QXcl
— p __ Clh __
Ircsonance X x. QIh (2.16a)
C C
\ OXpealy
_ . ¥p _ eqln _
Iresonancc = ;T = XL_ = th (2.16b)
e eq

NNAUNTN 2.16 (a) waz (b) uanslisiudienseualvalu Capacitor Bank wasly
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Juantituinnsseln ihdune vievilintioulaninaruioug

Magnified
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current source
P Lt
[ \! Xy
i i
1;, G) X(.‘ ;"""\ : Q[i] | Xch
|
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3UT 2.14 finnudensluiind Shunt Capacitor Bank fidnwess auuiuszuy (a) guaeasath

P8VDITTUUTMUNY (b) 19955 ol uLguUUILIY Walueusuvasidinansluiing

nsinduvenszuanazusnuilanisofarsuilaanauinuesda Shunt
Capacitor ifindanugUT 2.14 Felduaninnuduiusszninuuanaquasiiiudsegiunie

wlasuaziviguiisuiunsainldlivinnisfiessiiivussquaszlfiansisnisAuiuaiuiis-
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A iluindislauuud TnserdoArdufivauduuanulyaguuasinanuaauduius

h - Xc _ MVAge isg kVAtXX 100 (2.17)
: Xse Mvar g, kvarga,*Zyy (%) '

h, = anslutindslouuud

Xc = ATuanuauduasiifiuyszy

VA - 0%
50 4
40 +
30 4+

No Capacitor

20 4
10 +
0 + - : . + : + . 4
1 5 9 13 17 21
Harmonic Numer h

Ut 2.15 Frequency Response 9845¢UUA® Capacitor Bank 1u19#199

u

Xc = System Short-Circuit Reactance
MVA,. = System Short-Circuit MVA
MVAca = MVAR #iiin 984 Capacitor Bank
kVA, = kVA fifiauasniiaidas Step-Down
Z = Buiuauduamaulas Step-Down

KVARcp = KVARWAAYDS Capacitor Bank



24

2.6 wansznuana1sluiing
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2.6.2 HANTENUADUDLADS
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10% wisganiniu Favzdwareagnisldnuvoweines
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5. peunsAndsiiudseq sensuiuAmugidefinindu ussdiunnuazmfsznou
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o =5 o = YoM oa o v
Masen Wevssliuuarhladanuaumumnyiuls

2.8 gunsaifildlumsaruauansluing

ielindsgunsaliiltlunismvauanutiniisuaslulindisinazindgunsal
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#Wugu U Capacitor bank, line-reactor aulUfisgunsainfinnududouidu Active fitter Tu
Widenudlawatensuilym wu nsiie msanvua wien1sdrefmumisiufivdsequuy
WU YIYTUUTIHaneUaLaIRERND T wasUSuussmiaiiouansluiing
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2.8.1 In-line reactor or chokes

Baruguamiadisureanszuasluiindfignadraiulag ASD saufuiuen
a3 wialfnlasAndasudunaadlasifaumisnhosias vzasluvnsddafiudszquu DC bus
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3% vwnveslfaaunsamuinldainiinn kvA sedlaswluzui 2.18 uans [ailldiu aso-v
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£ 60T
.5 50 1
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§ 30 4 Choke
O — (0t05)% 2
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o !
104
0 + + ¥ } 4
0 1 2 3 4 5

Line Input Choke (% on Drive Base)

o ¢ ¢ a & ; ' " §
3un 2.17 wWasldudnnuRaiisunszaann PMW drive Ao line input choke
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JUH 2.18 l¥nanunadmivaunsaliuindeuiainas

Tuguin 2.19 wamanisid3suiiisunares 3% l¥alunisannszuasniluiind fu
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Annaldnnuiaieusnslulindaziivuinlugnitedrednaunaveinisinsaldavinlyian THDI

AMa9910 80-120% LWaaLHBY 40%
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whas Transformer WA Choke 0
5% Z 3% Z Y
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90% + I ¢
70% T
50% +
W— ¢
30% } + i t +
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Transformer kVA
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2.8.2 Passive Filters
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(a) Typical low-voltage (b} Equivalent circuit of
filter configuration systtem with filter
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Cq—fm\____._m
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40 A
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(Z (=1 0) filter

Hiotch harmonic number h
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23UNUNISMIIUVDY Flowchart laeatl

form 1

form 2
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1 G_Freq = Val(TR_Freq. Text)

2 | G_TR.V = Val(TR_V.Text)

3 G_TR_Z = (((Val(TR_V.Text) / 1000) A 2) * (Val(TR_Z.Text) / 100)) /
(Val(TR_KVA.Text) / 1000)

4 G_TR_PerZ = Val(TR_Z.Text)

G_TR_KVA = Val(TR_KVA.Text)

logArmiweinduulamugniiulilusudsasisusiasonldhelulne

- G Freq ARSI (Hz)
- G_TRV  szuswwemdowtaslwi (v)
- G TR Z Short circuit Impedance v0tiatias (ohm)
- G_TR_PerZ Wasigusimpedance vaasiautad (%)
- G_TR_KVA #inafidsvasmsiautaslwiln (kvA)
4. ilvanfinmainy one-line diagram Tnsszyriinvasluanitunamaivienmdines
Tngnsadniiunu Combo Box ududentiinveaniseynalwihiidieanisdessnauludae
- Linear Load
- AC Drive ulia 6 Pulse
- AC Drive %iln 12 Pulse
- DC Drive vin 6 Pulse
- DC Drive %iin 12 Pulse

- Capacitor Bank
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5. minlvasdunaiweslusunsuasyinnisaiuiuainszualuan winlvaaduaiuidnes o

yInsawaaiadlwdtsuaaiin (Q)

1 G_KVAR_1 = Val(KVAR_1.Text) * (-1/ 3)
2 G_KVAR_2 = Val(KVAR_2.Text) * (-1 / 3)
3 G_KVAR_3 = Val(kVAR_3.Text) * (-1 / 3)
4 G_KVAR_4 = Val(KVAR 4.Text) * (-1 / 3)
5 G_KVAR_5 = Val(KVAR_5.Text) * (-1 / 3)
6 G_KVAR_6 = Val(KVAR 6.Text) * (-1 / 3)
i G_KVAR_7 = Val(KVAR 7.Text) * (-1 / 3)
8 G_KVAR_8 = Val(KVAR_8.Text) * (-1 / 3)
9 G_KVAR_9 = Val(kVAR_9.Text) * (-1/ 3)
10 G_POW(0) = Val(POW_1.Text)
11 G_POW(1) = Val(POW_2.Text)
12 G_POW(2) = Val(POW_3.Text)
13 G_POW(3) = Val(POW_4.Text)
14 G_POW(4) = Val(POW_5.Text)
15 G_POW(5) = Val(POW_6.Text)
16 G_POW(6) = Val(POW 7.Text)
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17
18
19
20
21
22
23
24
25
26
27
28

29

30

31

32

33

34

35

36

37

38

39

40

41
42

G_POW(7) = Val(POW_8.Text)

G_POW(8) = Val(POW_9.Text)

G_PF(0) = Val(PF_1.Text)

G_PF(1) = Val(PF_2.Text)

G_PF(2) = Val(PF_3.Text)

G_PF(3) = Val(PF_4.Text)

G_PF(4) = Val(PF_5.Text)

G_PF(5) = Val(PF_6.Text)

G_PF(6) = Val(PF_7.Text)

G_PF(7) = Val(PF_8.Text)

G_PF(8) = Val(PF_9.Text)

ILoad_1 = (Val(POW_1.Text) / 3.0) * 1000.0 / ((Val(V_1.Text) /
Math.Sqrt(3.0)) * Val(PF_1.Text))

ILoad_2 = (Val(POW_2.Text) / 3.0) * 1000.0 / ((Val(V_2.Text) /
Math.Sqgrt(3.0)) * Val(PF_2.Text))

ILoad_3 = (Val(POW_3.Text) / 3.0) * 1000.0 / ((Val(V_3.Text) /
Math.Sqrt(3.0)) * Val(PF_3.Text))

ILoad_4 = (Val(POW_4.Text) / 3.0) * 1000.0 / {((Val(V_d.Text) /
Math.Sqrt(3.0)) * Val(PF_4.Text))

ILoad_5 = (Val(POW_5.Text) / 3.0) * 1000.0 / (Val(V_5.Text) /
Math.Sqrt(3.0)) * Val(PF_5.Text))

lLoad 6 = (Val(POW_6.Text) / 3.0) * 1000.0 / ((Val(V_6.Text) /
Math.Sqrt(3.0)) * Val(PF_6.Text))

ILoad_7 = (Val(POW_7.Text) / 3.0) * 1000.0 / (Val(V_7.Text) /
Math.Sqrt(3.0) * Val(PF_7.Text))

ILoad 8 = (Val(POW_8.Text) / 3.0) * 1000.0 / ((Val(V_8.Text) /
Math.Sqrt(3.0)) * Val{PF_8.Text))

ILoad_9 = (Val(POW_9.Text) / 3.0) * 1000.0 / (Val(V_9.Text) /
Math.Sgrt(3.0)) * Val(PF_9.Text))

G_l_SUM(0) = ILoad_1

G_| SUM(1) = ILoad 2

G_I_SUM(2) = ILoad_3

G_I SUM(3) = ILoad 4

G_| SUM(@) = ILoad_5

G_|_SUM(5) = ILoad_6




43

43
a4
45

G_|_SUM(6) = ILoad 7
G_|_SUM(7) = ILoad_8
G_|_SUM(8) = ILoad_9

lngAnunmsiimesiglinsanun dAunamiAimdslniieds rdalvia

wiou muszneumaslnin wagdiuiumainszualnan uenainidefadidiuyairndaiivin
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G_KVAR n uaridalvdwaiou

G_POW n wnuaiaalniness

G PF n WuAiUsznaufdalwih

G_| SUM \UAINTZUEYDIMARLAAY 1995
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If Branch_1 = 0 Then

G_| SUM(0) =0

End If

If Branch_2 = 0 Then
G I SUM(1) =0

End If

If Branch_3 = 0 Then
G_|_SUM(2) = 0

End If

If Branch_d = 0 Then
G_|_ SUM(3) =0

End If

If Branch 5 = 0 Then
G_|_SUM(4) = 0

End If

If Branch_6 = 0 Then
G_I SUM(5) = 0

End If
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19
20
21
22
2%
24
25
26
27

If Branch_7 = 0 Then

G_I_SUM(6) = 0
End If
If Branch_8 = 0 Then
G_I SUM(7)=0
End If

If Branch_9 = 0 Then

G_| SUM(8) = 0
End If

Form 2

o ' oo o o ¥
1. @3 Parameter Array Aeqitigavaslumsmun laun

- AC Drive %1n 6 Pulse

A135199 3.1 MI51AIMISIPDTVDI AC Drive B1a 6 Pulse

Summary Information Recorded Information
Voltage Current

Frequency 60.0 RMS 473 317 V RMS
Power Peak 652 59.3 A RMS
KW 153 DC Offset -2 -0.4 V Peak
KVA 15.0 Crest 1.38 1.87 A Peak
KVAR 28 THD Rms 38 44.3 V THD-F%
Peak KW 38.8 THD Fund 3.8 49.4 A THD-F%
Phase 12° lead HRMS 18 14.0 K Watts
Total PF 0.89 KFactor 7.9 KVAR
DPF 0.98 TPF

DPF

Frequency

Harmonic Distortion
Freq. V Max 9%V RMS | V Phase | | Max 9% | RMS | I Phase | Power (KW)

DC 0.0 2 0.4 0 0.4 1.2 0 0.0
1 60.0 473 100.3 -12 284 90.6 0 13.1
2 119.9 0 0.1 -154 0.4 1.3 65 0.0
3 176.9 1 0.2 -75 1.9 6.0 158 0.0
4 239.8 0 0.0 -11 0.1 0.4 -125 0.0
5 299.8 18 3.8 154 12.1 38.7 -158 0.1
6 359.8 0 0.0 172 0.1 0.2 89 0.0
7 419.7 1 0.2 -141 6.1 19.6 9 0.0
8 479.7 0 0.0 72 0.1 0.2 -84 0.0
9 539.7 0 0.0 -41 0.2 0.5 -11 0.0
10 599.6 0 0.0 -146 0.1 0.2 47 0.0
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Freg. V Max %V RMS | V Phase | | Max % | RMS | | Phase Power (KW)
11 659.6 2 0.3 59 22 7.1 133 0.0
12 7195 0 0.0 46 0.0 0.0 95 0.0
13 T99.5 1 0.2 120 1.2 3.9 -106 0.0
14 839.5 9] 0.0 5 0.0 0.1 150 0.0
15 899.4 0 0.0 164 0.1 0.2 128 0.0
16 959.4 0 0.0 42 0.0 0.0 -165 0.0
17 1019.3 1 0.2 38 1.0 3.1 27 0.0
18 1079.3 0 0.0 39 0.0 0.0 32 0.0
19 1139.3 1 0.1 1 0.5 1 131 0.0
20 1199.2 0 0.0 92 0.0 0.1 44 0.0
21 1259.3 0 0.0 53 0.1 0.2 46 0.0
22 13192 Q 0.0 17 0.0 0.1 -176 0.0
23 13703 1 0.1 143 0.5 LT -83 0.0
24 1439.1 0 0.0 41 0.0 0.0 81 0.0
25 1499.0 1 0.1 -120 0.3 0.9 7 0.0
26 1559.0 0 0.0 134 0.0 0.1 -54 0.0
27 1619.0 0 0.0 -144 0.1 0.2 -37 0.0
28 1678.9 0 0.0 155 0.0 0.0 -70 0.0
29 1738.9 1 0.1 89 04 1.1 169 0.0
30 1798.8 [¢] 0.0 113 0.0 0.0 50 0.0
31 1858.8 0 0.1 136 0.2 0.7 119 0.0
- DC Drive %@ 6 Pulse
] ' a ¢ a
M990 3.2 AT NATNITIULEDUD9 DC Drive 1UA 6 Pulse
Readings - 09/22/94 16:12:57
Surmmary Information Recorded Information
Voltage Current
Frequency 60.0 RMS 484 47.3 V RMS
Power Peak 695 65.9 A RMS
KW 16.8 DC Offset -2 -0.3 V Peak
KVA 229 Crest 1.44 1.39 A Peak
KVAR 14.4 THD Rms 2.6 259 V THD-F%
Peak KW 46.8 THD Fund 2.6 26.9 A THD-F%
Phase 41° lag HRMS 12 12.2 K Watts
Total PF 0.74 KFactor 5.1 KVAR
DPF 0.76 TPF
DPF
Frequency
Harmonic Distortion
Freg. V Max %V RMS V Phase | Max 9% | RMS
DC 0.0 2 0.3 0 0.3 0.6
60.0 484 100.3 41 45.5 96.9
2 119.9 0 0.1 65 0.7 15
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Freq. V Max %V RMS V Phase | Max % | RMS
3 179.9 1 0.1 56 2.0 4.2
q 239.8 0 0.0 105 0.1 0.1
5 299.8 11 24 130 10.6 22.5
6 359.8 0 0.0 95 0.1 0.2
7 419.7 2 0.5 49 3.1 65
8 479.7 0 0.0 -39 0.1 0.3
9 539.7 0 0.0 142 0.4 0.8
11 659.6 2 0.5 90 3.3 7.0
12 719.5 0 0.0 13 0.2 0.3
13 799.5 2 0.3 -138 21 45
14 839.5 0 0.0 23 0.1 0.1
15 §99.0 0 0.1 98 0.4 0.8
16 959.4 0 0.0 84 0.0 0.1
17 1019.3 1 0.3 108 17 3.6
18 1079.3 0 0.0 94 0.1 0.1
19 1139.3 1 0.3 39 14 3.0
20 1199.2 0 0.0 -49 0.0 0.1
21 1259.3 0 0.0 70 03 0.7
22 1319.2 0 0.0 0 0.1 0.2
23 1379.1 1 0.3 -84 1.1 23
24 1439.1 0 0.0 -40 0.1 0.2
25 1499.0 1 0.3 -146 1.0 2.2
26 1559.0 0 0.0 -47 0.1 0.1
27 1619.0 0 0.0 -136 0.3 0.6
28 16789 0 0.0 41 0.0 0.1
29 1738.9 1 0.2 86 0.7 14
30 1798.8 0 0.0 96 0.0 0.1
31 1858.8 1 0.2 34 0.7 15

DC Drive wlis 12 Pulse




AN5199 3.3 M1519AINTLMBUDY DC Drive ¥9m 12 Pulse

a7

Readings - 08/25/94 11:40:17

Summary Information Recorded Information
Voltage Current

Frequency 60.0 RMS 481 44.7 V RMS
Power Peak 699 65.1 A RMS
KW 17.8 DC Offset -2 -0.3 V Peak
KVA 218 Crest 1.43 1.46 A Peak
KVAR 12.0 THD Rms 2.6 135 V THD-F%
Peak KW 45.1 THD Fund 2.6 13.6 A THD-F%
Phase 34° lag HRMS 13 6.0 K Watts
Total PF 0.82 KFactor 3.5 KVAR
DPF 0.83 TPF

DPF

Frequency

Harmonic Distortion
Freq. V Max %V RMS V Phase | Max % | RMS

DC 0.0 2 0.4 0 0.3 0.7
1 60.0 487 100.3 34 443 99.8
2 119.9 1 0.1 -107 0.1 0.1
3 179.9 1 0.2 70 1.8 4.1
4 239.8 0 021 -75 0.1 0.1
5 299.8 12 2.4 86 1.3 2.9
6 359.8 0 0.0 67 0.0 0.0
7 419.7 1 0.3 15 1.4 3.2
8 479.7 0 0.0 138 0.0 0.1
9 539.7 0 0.0 -140 0.4 0.9
10 599.6 0 0.0 165 0.1 0.1
11 659.6 3 0.7 105 4.9 11.1
12 719.5 0 0.0 -97 0.1 0.2
13 799.5 2 0.3 -3 1.5 33
14 839.5 0 0.0 -59 0.0 0.1
15 899.4 0 0.0 -25 0.1 0.2
16 959.4 0 0.0 141 0.0 0.1
17 1019.3 1 0.1 -57 0.5 12
18 1079.3 0 0.0 -158 0.0 0.0
19 1139.3 0 0.1 12 0.4 0.8
20 1199.2 0 0.0 171 0.0 0.0
21 1259.3 0 0.0 8 0.1 0.3
22 1319.2 0 0.0 26 0.0 0.1
23 1379.1 2 0.3 -84 14 3.0
24 1439.1 0 0.0 -10 0.1 0.2
25 1499.0 1 0.3 -146 0.8 1.8
26 1559.0 0 0.0 169 0.0 0.1
27 1619.0 0 0.0 -65 Q0.0 0.0
28 1678.9 0 0.0 -128 0.0 0.1
29 1738.9 0 0.1 157 0.2 0.4
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Freq.

V Max

%V RMS

V Phase

| Max

% | RMS

30

1798.8

0.0

-94

0.0

0.0

31

1858.8

0.1

115

0.1

0.3

3 o i ' 1 o o Q o
2. yNNSBineRTtaslaaz1eas Ituluandssinnia LWENILUILIATLIURINUTZLNN D

Twantdue

1 ‘Branch 1

2 If G_Branch 1 =1 Then

3 For Flag 3 = 0To 49

q | 1(Flag_3) = AC6(Flag 3) * G _ILoad_1

5 Next

6 Flag 3= 0

7 For Flag 3=0To 19

8 For Flag 7= 0To 49

9 Wave_1(Flag_3) = Wave_1(Flag 3) + (I_1(Flag_7)
* Math.Sin((2 * 3.141592654 * (Flag 7 + 1) * G_Freq *
Time_X(Flag_3)) + PS_AC6(Flag 7))

10 Wave_1_2(Flag_3) = Wave_1_2(Flag_3) +
(I_1(Flag_7) * Math.Sin((2 * 3.141592654 * (Flag 7 + 1) *
G_Freq * Time_X(Flag_3)) + PS_AC6(Flag_7) + (2.094395102 *
(Flag 7 + 1))))

11 Wave 1 3(Flag 3) = Wave 1 3(Flag 3) +
(I_1(Flag_7) * Math.Sin((2 * 3.141592654 * (Flag 7 + 1) *
G_Freq * Time_X(Flag 3)) + PS_AC6(Flag 7) + (4.188790205 *
(Flag 7 + 1))

12 Next

15 Flag 7=0

14 Next

15 Flag 3=0

16 G_KVAR(0) = (G TR V*G ILoad 1 *
Math.Sin(Math.Acos(G_PF(0)))) / 1000) / Math.Sqrt(3)

Elself G_Branch_1 = 2 Then

17 For Flag 6 = 0 To 49

18 | 1(Flag_6) = AC12(Flag 6) * G_ILoad 1

19 Next
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20
21
22
23

24

25

26
27
28
29
30

5l
32
35
34
35
36
3

38

39

Flag 6 =0
For Flag 6 =0 To 19
For Flag 7 = 0 To 49
Wave_1(Flag_6) = Wave_1(Flag 6) + (|_1(Flag 7)
* Math.Sin((2 * 3.141592654 * (Flag_7 + 1) * G_Freq *
Time_X(Flag 6)) + PS_AC12(Flag 7))
Wave_1 2(Flag_6) = Wave 1 2(Flag 6) +
(I_1(Flag_7) * Math.Sin((2 * 3141592654 * (Flag 7 + 1) *
G_Freq * Time_X(Flag_6)) + PS_AC12(Flag_7) + (2.094395102 *
(Flag 7 + 1))
Wave 1 3(Flag_6) = Wave 1 3(Flag 6) +
(I_1(Flag_7) * Math.Sin((2 * 3.141592654 * (Flag 7 + 1) *
G_Freq * Time_X(Flag_6)) + PS_AC12(Flag_7) + (4.188790205 *
(Flag 7 + 1))
Next
Flag 7=0
Next
Flag 6 = 0
G_KVAR(0) = (G_TR V * G_ILoad 1 *
Math.Sin(Math.Acos(G_PF(0)))) / 1000) / Math.Sgrt(3)
Elself G_Branch_1 = 3 Then
For Flag 4 = 0 To 49
|_1(Flag_4) = DC6(Flag 4) * G ILoad 1
Next
Flag 4 =0
For Flag 4 = 0To 19
For Flag 7 = 0 To 49
Wave 1(Flag_4) = Wave 1{Flag 4) + (I _1(Flag 7)
* Math.Sin((2 * 3.141592654 * (Flag 7 + 1) * G_Freq *
Time_X(Flag_)) + PS_DC6(Flag_7))
Wave 1 2(Flag_4) = Wave 1 2(Flag 4) +
(I_1(Flag_7) * Math.Sin((2 * 3.141592654 * (Flag 7 + 1) *
G_Freq * Time_X(Flag_4)) + PS_DC6(Flag_7) + (2.094395102 *
(Flag 7 + 1))
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40
41
42
43
a4

45
46
a7
48
49
50
51

52

53

54
55
56
57
58

59
60

Wave 1 3(Flag 4) = Wave 1 3(Flag 4) +
(I_1(Flag_7) * Math.Sin(2 * 3.141592654 * (Flag 7 + 1) *
G_Freq* Time_X(Flag_4)) + PS_DC6(Flag_7) + (4.188790205 *
(Flag 7 + 1))
Next
Flag 7 =0
Next
Flag 4 =0
G_KVAR(0) = (G TR V* G _ILoad 1 *
Math.Sin(Math.Acos(G_PF(0)))) / 1000) / Math.Sqrt(3)
Elself G_Branch_1 = 4 Then
For Flag 5 =0To 49
| 1(Flag_5) = DC12(Flag 5) * G _ILoad 1
Next
Flag 5 = 0
For Flag 5= 0To 19
For Flag 7 =0 To 49
Wave_1(Flag_5) = Wave 1(Flag 5) + (I_1(Flag_7)
* Math.Sin((2 * 3.141592654 * (Flag 7 + 1) * G_Freq *
Time_X(Flag_5)) + PS DC12(Flag 7))
Wave 1 2(Flag_5) = Wave 1 2(Flag 5) +
(I_1(Flag_7) * Math.Sin((2 * 3.141592654 * (Flag 7 + 1) *
G_Freq* Time X(Flag 5)) + PS_DC12(Flag 7) + (2.094395102 *
(Flag_7 + 1))
Wave 1 3(Flag 5) = Wave 1 3(Flag 5) +
(I_1(Flag_7) * Math.Sin((2 * 3.141592654 * (Flag 7 + 1) *
G_Freq * Time _X(Flag 5)) + PS_DC12(Flag_7) + (4.188790205 *
(Flag 7 + 1))
Next
Flag 7=0
Next
Flag 5=0
G_KVAR(0) = (G_TR V* G _lLoad 1 *
Math.Sin(Math.Acos(G_PF(0)))) / 1000) / Math.Sqrt(3)
Elself G_Branch 1 = 5 Then
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61

G_KVAR(0) = G_KVAR 1

End If

laanisAtwazulaeandu 5 Ussianaiudseinnvadivan laun

AC Drive (6 Pulse) 1nen155uA1 nszuaan Form 1 uazidenld Parameter
Array 984 AC Drive (6 Pulse) 11A1UU LLaza%agﬂﬂ?{u Waveform uag
Spectrum
AC Drive (12 Pulse) Inen155ua1 nszuaan Form 1 uazidenld Parameter
Array 783 AC Drive (12 Pulse) ¥1#udn warasnaguadu Waveform uas
Spectrum
DC Drive (6 Pulse) Ingn1s3uan nszuaain Form 1 wazidenld Parameter
Array 483 AC Drive (6 Pulse) 1@t Lgasaiwagﬂﬂ?{u Waveform uag
Spectrum
DC Drive (12 Pulse) 1agn155UAN Nseuaan Form 1 wavidonld Parameter
Array U84 AC Drive (12 Pulse) N1 LLaza%’NEUﬂﬁlu Waveform wag
Spectrum
Capacitor Bank 1man135ua1 kVAR LasRiaussiu LazmuimaImsimes

eq neuiuaiulilumulsansisasiiodh v lduanuasieqly

3. W1TUINTANANEA1IE Resonance Y8455UU 1AENIIAIUIMDIN WISILADSTDS

TEUU

NS

Lo dge o o S8 N Al el TR B ¢ GRS = RN

‘Wave RESO Generation
HR = Math.Sqrt((G_TR_KVA * 100) / (G_TR PerZ *
Math.Abs(KVAR SUM_CAP * 3)))
If (HR = 1/ 0) Then
HR = 49
End If
If (HR > Math.Round(HR)) Then
HR_1 = Math.Round(HR)
HR_2 = Math.Round(HR) + 1

Elself (HR < Math.Round(HR)) Then
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11
12
13
14
15
16
17
18
15
20
21
27
23
24
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26
27
28
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30
B4
32
a5
34
35

36

B

HR 1 = Math.Round(HR) - 1
HR_2 = Math.Round(HR)
Elself (HR = Math.Round(HR)) Then
HR 1 = HR
HR 2 =0
End If
HR 1=HR 1-1
HR 2=HR 2-1
HR=HR-1
If (HR_1>49) Then
HR 1 =49
Elself (HR_1<0) Then
HR 1 =49
End If
If (HR_2>49) Then
HR 2 = 49
Elself (HR 2<0) Then
HR 2 = 49
End If
Q RESO = 3

| RESO = |_SUM(HR_1) * ((Q RESO * (HR_2 - HR)) - 1)

|_RESO_2 = |_SUM(HR_2) * ((Q_RESO * (HR - HR_1)) - 1)

| SUM(HR 1) = | SUM(HR_1) * (Q RESO * (HR 2 - HR))
| SUM(HR_2) = |_SUM(HR 2) * (Q RESO * (HR - HR 1))

For Flag 5 =0 To 19

Wave RESO(Flag_5) = (I_RESO * Math.Sin((2 *
3.141592654 * (HR_1) * G_Freq * Time_X(Flag_5)))) +
(I_RESO_2 * Math.Sin((2 * 3.141592654 * (HR 2) * G_Freq*
Time_X(Flag_5)))
Wave RESO_2(Flag_5) = (I_RESO * Math.Sin((2 *
3.141592654 * (HR_1) * G_Freq * Time X(Flag 5)) +
(2.094395102 * (HR_1))) + (I_RESO_2 * Math.Sin((2 *
3.141592654 * (HR_2) * G_Freq * Time_X(Flag 5)) +
(2.094395102 * (HR_2)))
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38
39

Wave_RESO 3(Flag_5) = (I_RESO * Math.Sin((2 *
3.141592654 * (HR_1) * G_Freq * Time_X(Flag_5)) +
(4.188790205 * (HR_1)))) + (I_RESO_2 * Math.Sin((2 *
3.141592654 * (HR_2) * G_Freq * Time_X(Flag_5)) +

(4.188790205 * (HR_2))

Next

Flag 5=0

o = o )
TAwAIUNIALD Resonance U995¥UULAYATUIMNIDNTIVYIEUDINTSLLE
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uaAneAn Current(A) uaw Voltage (V) uavuamadilugy wadiwud wiouiieusu
WML IEEE 519-1992 uazuaninasonunluzuves Pass w3n Not Pass Wieu1ans

Spectrum VINIEUE UagLIINU

Speum  Wavelom

200

100 -3 / / (
o /’ 7
/‘.
100 \ </ AN / \ 2
z/ i o
I~
200
300
0.00% o 0.015 002
Virns (V) e (8 THOw (%) THD (%) ShvA F kW) Q kVAR) PF Freq
» Fhase A 2034011 pE-T 178288 XN%7 263.15789 0 8217703 0.85
Fhase B 23054011 113856711 276288 2631857 26315788 0 8217103 055
Fhase C 23034011 395671 878288 621957 26315789 20 8217103 0ss
729 47368 750 24651308 085 50
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wietasswamsinisensluindiainesuazuanauaniudouiiousud 3.12
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350 250
0.06587283423579 0.05222196793011

Before %THDi: 216 Curert |

20

%THDi : 10.35

UM 3.12 Wibuisuneunasnasinisfiaimes
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4.1 FBnsldeulvsunsudrassaaunmmalninvesszvuduindeuusined

- Narmens Motwong nd Smiates e Drie uem UTLE 1| i
0y
K

Uity Tranaformer
He
KVA
i ¥

Add

UM 4.1 wihvndldsunsuildluniseenuuussuulin
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4.1.1 mstoudayavasszuy

wihsnslusunsumldlunisleudeyavesssuu dgud 4.1

1.

JouAmiimesvemiauvaslniliiigoinisldlunisdrasslnesiiudestou
A1ALE (Hz), fifafia (kVA), NNALSIAY (V) wazAlasidud Short Circuit
Impedance (%) a8NMATUNIU
aantdenvdnvesniszlnillu Combo Box neuadndu Add wazviinistleu
Awsfimesvesnisylniiinduqmuildidenidredy Tnonrsenaluii
annsaidenlafifaud gunsalfuindeuueinaduiin AC Drive (6 Pulse), AC Drive (12
Pulse), DC Drive (6 Pulse), DC Drive (12 pulse) wag Capacitor Bank
- windenldarszmialiindusiingunsaiduindeuneinesiniungs
wisfimesisuludesdeulilusunsundmnivandudmsimosues
unaimaslniniueg
- windanldnrsgmalwihilueiin Capacitor Bank Msiiwaidndusaailau
Tilusunsumdaaniusaiuen fifnves Capacitor Bankiiuq
Tngannsadeniiiumszmalwihliiussuuligeanta 20 a3
nfnidonnselvaniifiosnisldfunuulunissasudandndu Simulate e
wanswan s inannslihvesssuuililunisiedeiglilivhnmsoanuuy

4.1.2 WINANUAAINANITIIABY
Tusudl 4.2(2) sz1un1suanedn Spectrum wssfuLasnsrUATDITEUY Tnb oz
LARIHARILH Spectrum dustuyagniluaudisdusui 50 lusuveaesidudifleioy
fuyagruuazidudn aadviauenuuys wiouiauSouiiisuiuanasgiu IEEE 519-
1992 lngasuanmananuiluzuvas Pass w3a Not Pass Yaausaysusu
uanmmﬁiugﬂﬁ 4.2(a) 9¢in15uans Spectrum sonundunsivuazuanan
%THD M8 %THDMWS BN uLfiBuiuNInsg U IEEE 519-1992 lnuasuaning
aanunlugUves Pass 138 Not Pass
luguit 4.20) asfunisuamadmsiinesvesssuuiisiaamousUaiunszuauas
wsasu Tuiuy 3 wia lnganunsaidenadussninaussiuvienssualdlaonisedndy
Voltage %39 Current Tulausnudne
uananil luguit 4.2(b) axdiifariduluniseaniuy Passive Power Filter fanzan
fuszuuiigldlddass Taun1sadntu Recommend Filter Design fiunusuuile
dilfruileitunsssnuuy Passive Filter



Spectum  Wavefonn

%THOI : 26.32 Not Pass %THDv : 9.37 Not Pass
1400 250
1200
200
1000
800 150
600 100
400
£0
200}
oLl I g 0. . o la Ba =
0 2 40 0 20 0
Paint Vi Seana (V) M () Seatus (1) A ~
v [ - 20401 100 1216 22781
2 813%03 13 1881226
3 0.5481 € T2ETHT
4 00333 04 486531
§ 6.08006 21 Hol Pass 2097173
] 006327 [F 24328
7 225148 81 74196
] 0.0843% 02 242266
L] 0278 s 08164
10 0.10548 02 243266
1 41180¢ Mot Pass 951021 7 Hot Pass 8635327 v

Soectuum | Wavelom

200 __——/ <
300
0005 on 0015 a0z

| ims (v] s () THOv (=) THD (%) Skva) P ) @ kVAR) PP Fegq
|
» Phase A 0901 1216327 §37488 26 31957 28083838 2] 1207 ass
| Phose B 23034011 121822781 33 2 1957 28089588 250 1280788 ‘ﬂl!
| Phase C | Busatn meum 3788 26 11557 28089223 250 128 0788 aes
! Toeal Imdt & B42 895E3 0 264 2264 08 =

< w1 e o @ ' a =l o
3UN 4.2(b) mnsinuansguaduussiunsouwisineiveassuufisnans
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4.1.3 vihA1ensaanuuUY Specification ¥a4 Passive Power Filter Mnangay

Recommended Passive Fiter Specfication

Tuned Frequency
Tuned Hamonic Order
Number of Step

Capacitor 400
Reactance 0.05763872995632

g‘l.l“?i 4.3 wiieRecommend Specification vp4 Passive Power Filter

4.2 wan1sdnaassruURletelssuaiivunalve (Plant A)

ssuuiildlunissasafussuuiuirdeunamesniinnssuaaduny Paper V04
“Department of Electrical Engineering, University “POLITEHNICA” of Timisoara”1au il T e
Wdaiies “Investigation of the Harmonic Distortion Generated by Adjustable Speed Drives”
Tnglu unem atuiflfvinsiiesedenuaminiwessuuiundounaimeuimils uay
useuiiisuiunanisdtaeaiiu Software 2 faldun “PSpice” wae “DRIVESIZE” Tt

Wisueuiuaiuiannsin

1800 kVA B kv
%U : 5.78% 400V
»

|| P
250 KW 250 KW 250 kW

3Uil 4.4 syuuiuiedeuneineslnihllunissans (Plant A)
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ssuutuinfounamasiniildlunsshassUszneuludemiaudaun 1600
kVA 6/0.4 kV waziitlasidus Short Circuit Impedance 5.78% uenaniidafigunsaiduindeu
woine3 3 Mudanseudaady 6-Pulsedwihmihituindsunamesnseuaaduvunmas 250 kw i
fusgnaundalnih 0.95

4.2.1 NM59189955UV81989UUTUTHATUANAIUN

M

[ aa ]

Standard
AC Drive

P> ' v oa o &
U7 4.5 msdaumanszuusnedauulusunsuiianndu

1. vinmstsurmiaiiwesniivihvemidoulasnuin 1600 KVA 400 V dandasidus
Impedance 5.78% lasauuiliszuulusiin 50 Hz

2. hnsteudayavedlvanvasszuuiligneds Insusznouliiegunsaiduiniou
walnasnIszuaadusiin 6 Pulse Younnuawmasvwin 250 kW 400 V iiA1susznau
naalnin 0.95 1w 3 9

3. Buinssanma



4.2.2 HANNSINADITEUUBNBIUUTUS LA UV RILA

Sosctrum . Wavelom
S THDI : 26.32 Not Pass %THDv : 9.37 Not Pass
1400 250
1200
200
1000
200 150
600 100
400
200 4—F “
ol ' 1 0. . 0 la 23 uwo
0 20 40 0 20 40
| Pent Ve Stabus () v 1) Status ) 18 A
v D - 20840 100 [ 121632781
2 01375 03158 12 1501226
13 03451 218185 [ 7257967
it 002 0.15483 [ 486591
5 03008 14064 31 2057173
s 008327 014612 02 24326
17 225148 5.19956 61 74.1%
I 00843 01383 02 24366
|
I} 078 05676 [ 602164
|10 010546 0.2435¢ 02 24366
n 411804 Pict Pass 951021 71 (Nt Pasy 8635327 v

31J17'1' 4.6(a) WaN1591@949 Spectrum(Plant A)

15

e (8 THOw ) THOD (%) S kA Rali] Q KVAR) PF . Freq
i » Ph;IGIA 0 5;1:" il Rnm !-'.|"‘H 2631557 0 ES.!!.B bl 1280782 aes
| Pnasz B o 12161771 § 37488 231957 20089828 L] 1280728 a8
| Phase C zasen 126 937488 | 26319857 280 ess28 %0 1220788 aes
Total Tkt o | 81269663 = 42364 08s 4

SUTl 4.6(b) wamsaiwaaagﬂa?immﬁ’u (Plant A)

u

61



62

Mnuan1sTassnuiszuuiinanalii ndvfesie %THDI 26.32 Faga
NI1UMTFIU IEEE 519-1992 fvuauazdidn %THD 9.37 &afiganinuinsgiu IEEE 519-1992
LUy

IngannsnlIsuifisuiuaiisiaesiasluswnsuiiamuntu eufuaiildan
n153ade81989m Paper Y841 “Department of Electrical Engineering, University
“POLITEHNICA” of Timisoara” #ad81384 * Investigation of the Harmonic Distortion

Generated by Adjustable Speed Drives” ‘lﬁﬁdﬂi

A15197 4.1 AsradSsuiisunanisinasetiunanisyiassiulusunsulsenu Plant A

Quantity bl

Meas. SPICE DRIVESIZE KMITLO1

%THDI 24.3% 27.9% 28.9% 26.32%
% THDv 7.8% 8.0% 11.3% 8.78%
Is/1; 23.1% 26.5% 26.6% 23.1%
l7/14 6.1% 6.3% - 8.8% 6.1%
I/l 2.7% 4.5% 5.3% 7.1%
I3/l 1.5% 3.0% 3.3% 3.9%
Vs/V, 6.3% 6.5% 8.6% 5.7%
V7/Vq 2.2% 2.2% 4.0% 2.1%
V11/Vq 2.2% 2.5% 3.7% 3.8%
Vi3/Vy 1.8% 1.9% 2.8% 0.14%
PF 0.95 0.98 0.94 0.95

o Al VoA v o o e & W o o ')
A TaLazalaannissiaesuulusunsuiauTudautelndifsany

& w W 2
s s =

waanAds el Anuuiuglumshasszivegiumaiivnesvesiduintoutawes Fei

=

wIn srvunleenadalinmmisiiiwmesvasniuirdounawesindifssiuailusunsulisned a1

afadinnuusiugigs
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4.3 HANT591899R29819 59 lWAWE 9 IUANSoU(Plant B)

sruuiiltlunsiasnduszuuiundeunamesiiinssuaaduny Paper 1o
“Aldborg University, Denmark; Danfoss Drives A/S, Denmark” laudii1901389 “Predicting
Harmonics by Simulations. A Case Study for High Power Adjustable Speed Drive”

Inglu Paper atuiilddnwssuuduindeunameasinii Tulselwiwmdanuany
Fouwvandia laglavinnasinar wisaliwasaieg wazgdunusuiisuiuarfinginsaiann
TUsunsu PSpice was MCT31

10.5 kV

1200 kVA
%U : 6.07%

400V

84.6 KW 150.4 kW 150.4 kW 1504 KW 9.4 kW 122 kW

5UN 4.7 szuutundounamesiulselwimaniuaaiusou(Plant B)

svuuduipdeusewmasiihiildlunissiasssvnauluse wiaulaslwihwue
1200 kVA10.5/0.4 kv uagfiiuasidud Short Circuit Impedance 6% usnainildilsznauluse

gunsalliuindounanas 5 i uasinandugdn 122 kw
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° a a w &
4.3.1 N5 EIB\?'SSUU'S’NQ\‘IU‘IJIU‘SLLﬂiu‘VIWGMU’]‘Uu

Utility Transformer

Load

Standard
AC Drive
Standard
AC Drive
Standard
AC Drive

| Remove | [ Bemove | | Remove | | Remove | [ Remove | [ Remove |

i

o ' v oa o o &
3UN 4.8 mstourmansruuaeBauulusunsuiiauniiu

mstauAmisdwesnlwihvemisioutasuuin 1200 kVA 400 V fAndesidus
Impedance 6% lagauualiszuudusiin 50 Hz

vnstleudeyaveduanvasszuuiilidnids lnsusznevlndegunsaiduinton
vomainsziaaduuia 6 Pulse Uouunuainesuuin 84.6, 150.4, 150.4, 150.4, 9.4

kw 400 V didiusgnaumdsltih 0.944mau syauaziiivandugauin 122 kw
Bwhmsinaewa



o v =3 q' as 3
4.3.2 Nﬂﬂ"ﬁiﬂa'ENSS‘U‘UE]"NEN'UUIU‘SLLI’]S!J“W%IU"I‘UU

%THDI : 21.75 Not Pass

%THDv : 8.93 Not Pass

1200 250
1000 =
800
150
£00
160
i
200 i
oL l B B . o La a
0 2 40 0 20 40
Pord T Saton () 70 I S (] )

[ 1 10 101120872
2 0136 107407 1088305
) oscen 455726 5022847
4 008037 033048 334863
5 58018 19 08547 19138447
[ 006028 016524 1673
7 218 503988 5106663
8 0.08037 016524 16702
9 o260 o4 418578
10 010046 016524 167432
n 398 Nt Pasa 5059 58561 £ 4421

31J17i 4.9(a) Han1537a94 Spectrum (Plant B)

| Vi (V)
b |Phesea nasen
Prase E Do
|Phase C Do
[Tanl Inut

A
Llaxeiprd
18112572
161124572

THDv M)
L)

893078

25307

THON)
2174552

2174552

2174552

5 kVA)
2319758

231 97528

|z
|38 52506

P W)
238

ma

%672

00s

Q kVAR)
65.96039
6596039
6556029

197.88118

095872
Qwsen2
assen2
035872

31}1‘7‘; 4.9(b) Nan'ﬁa‘z’waaqgﬂﬂﬁ;ul,mﬁu (Plant B)
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Mnwan1sasamuItssuuiiannwmsliing nanifefien %THDI21. 755
N1MIR551U EEE 519-1992 fmunauaziidl %THDY 8.9389Agand1mnsgiu IEEE 519-1992
LU

TnganunsaulSoudisuiuaiisnaeddaulusunsufivaundy Weuduaildan
Ms¥a Fad1989mna Paper 483 “Aldborg University, Denmark; Danfoss Drives A/S, Denmark”
Tnedwadoidos “Predicting Harmonics by Simulations. A Case Study for High Power

2
=

Adjustable Speed Drive” lagsil

M15199 4.2 ms1aSeuiisuranisinasaiuNanisaas Ll UsLnTy

Results
Quantity
Meas. PSPICE KMITLO1
%THDi 19.5% 22.0% 21.75%
9%THDv 9.2% 8.6% 8.93%
Is/14 17.5% 20.0% 19.1%
l7/14 5.9% 6.1% 5.0%
l11/lh 4.3% 5.0% 5.8%
I3/l 3.2% 3.2% 3.2%
Vs/Vy 6.2% 5.3% 5.8%
V7/Vq 3.0% 2.9% 2.1%
V11/Vq 3.2% 2.9% 3.9%
Vis/Vy 2.3% 2.3% 2.5%
PF 0.94 0.98 0.94

giunmiiauasmflaainnisinastuulusunsuiwautuaoudslnafeiu
WaaNAYT iy Anuwivdlunisiiassrluegiumsinesvesiduindounaines Tain
N sruunlgoedediamisiimesvesdiduiniounainasinalrssiuar nlusunsuldoneds Am

Iifagdinnuuwiugas
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4.4 Han591a09A2a8 1N I5INUYUTINUA(Plant C)

syuviilirassihunanaiialdatannlssuyuiioug nelsauuiiisy
Inlhussduunanssgdiu 22 kv dumlioudas 2500 kVA 22/0.4 kv Tnelnanveslssnuuseneu
luselyan DC Drive YA 470 KW 162,335 kW 162,250 kW 161, 220kW 2612, 200kW 1672,
75kW 161, 37kW 161, 5.5kW 187 agdidiaslwiusinguiniu 3021kvA ddalwiedaviiu
1812.5kW, PF 0.66uanslugui 4.10

4.4.1 NM51895LVUD9DINUTUTHATURWRILN

WeL991nn1599 AR5 991015991 Tdanunsadaaszaulnaniufing deseau
Inaafdeiniiunms fdalasimadluiiasavindu 1009.891kw uansilssnuuduudueiing
ANTUNITN 55.72% voeseaulvanduiiina

22 kV

2500 kVA
%U : 8%

440V

335kW 470kW  37KW 220kW 200kW 75KW 250 kW 220 kW 5.5 kW

E‘U‘ﬁ 4.10 One-line diagram 1531uudiuud (Plant C)
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Wialnanusiazflaviud iesnlsemuuduudinisdufiunuiissduinan 55.729% Jadpausy
) i . o o ot P YY1 o
swaunnsanlulusunsuiites %Operation faguit 4.11 Tusunsudzautsauanenldusiug,

£
=

A
UM 4.11 wisdimefvesssuulnillulssnuyuBiud

1. Jouwrsiitnesveanslouuaslnihaunn 2500kVA 22/0.44 kv %impedance 6% warilmiui
guuiiu 50 Hz

I e

2. ¥nnsdeudoyaneinesssuuvuin 470 335 250 220 200 75 37 wax 5.5 kw Tnefianda
Useneunae 0.66

3, LSUYNNIST1a0INE

o i o A’
4.4.2 Han139189uUIUT WA SUNWAILN DY

Specium Wavefomn

%THDi : 31.41 Not Pass %THDv : 17.13 Not Pass
2500 300
2000 250
200
1500
I 15°<|.|7
1000
100
0 E
o p N1 el eq oll_1. 5w w5l su ws
0 20 40 0 20 40
kot Ve I AL, L. St () S .
s RS = oz I i
2 00368 003857 03
3 |o077e 015713 L
: |005173 013142 loz
5 3.02115 2231681 |78
§ ki jed
7 242971 3
B 010347 |02
g 2.:4521 |os
1 12534 oz
11 |583303 1481789 82 v

3UT 4.12(a) nansthansaiansu(Plant ©)
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-1000 /
- /\ /—\
-3000
0005 om 0015 002
s (A) THDv (%) THOI (%) S kVA) P kW) @ kVAR) FF Freq
» Phase A 254 03412 200781683 17.1326 3140828 51005398 336 63562 383.18601 086
Phase B 254 03412 200781683 171326 3140828 51005398 336 63562 383.18601 066
Phase C 254 03412 2007 81683 171326 31.40828 51005398 336 63562 38318601 066
Total il 0 1530 16193 1009 90688 1149 55802 066 50

sU#l 4.12(b) KaMsSaesgUnduNTEUA (Plant C)

NANISI1ABINUINTEUUEAT THDV 1NU19.39% wagAn THDI Winfvu 29.12%
nanladrsvuviinun il Weleuivanessiu IEEE519-1992Tasanansai3euifteuandi
apsuarmNInla5nmIse 4.3

A1997 4.3 WSsuisuamialeasiiazarsiassannlusunsuiiwaui

_ Results

Shantiy Meas. KMITLO1
%THDI 35% 31.41%
% THDv 17.13% 17.13%
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4.5 HaN15918949A298191599UFMe (Plant D)

szuunlddnanstiiiniainnisinasiannlsaudme laslsenuursianissu
WA szAULSIAUUIUNA1Y 22KV tumnianUasuunn 2000kVA 22/0.4 kv Taediluanaiin DC
Drive 12-pulse ¥w1m 92kW 761 Uag linear-load YWn 531.723kW Aauaaslu one-line diagram

22 kV

2000 kVA
%U : 6%

440V

92 kW 92 kw 92 kW 92 KW 92 kw 92 kW 92 KW

gﬂﬁ 4.13 one-line diagram ‘[sqa’luﬁ'wa(Plant D)
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Page1 Page2

{ Aok King Monghufs Intttute of Techroiogy Ladirabang
T Fargng 400w = et Semciater se Dy Jomee RVTLYY
’1’ Uity Trangfomer
( ) B - w “Operation
b S——
() 2000 KA I 1
N | Smume |
I 0 v ——
) 5 &
Add
|
e £
A i :
4 5
| L ¥ ¥ b
Load
N 2 W 2 KW 2 KW 2 W 2 KW 2 KW KW
0% pf s pg 0% pe 0% pp LE N 13 o pg L B T3 s pp
Wy Wy 0y Wy oy oy Lo Y oWy

. 2WPM
s Ve

P o o o
JUT 4.14 nsenmsliiresvasszuuatlusunsuiiaun

t £ o 1 o L3 I at =
nnuudninsnsenAmiinesvesszuusieg faguf 4.14 lag
a ¢ w o as =
1. Joumnsilimesudiouvasuuin 2000kVA 22/0.4 KV %impedance 6% Aissdumnad 50 Hz

2. vinmsteulnanyiia AC Drive 12-pluse 2u1A 92KW 7duas Inanviin linear-load Yu1n
531.723kwW

3. ISWINN591a99Na



%%THDv * 545 Not Pass.
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2000 250
200
1500
150
1000
100
500
504
0 | 0 ] =
0 20 40 0 20 40
| Poirt o) Status (V) vV 105 Steus (1) 1A
» 100 23054011 100 |1731.65603
|12 | 000583 005477 03435
13 |042 224575
3; |a.01288 0.05477
s 048512 156845
3 e o
17 |0 78487 175278
& |0.02732 0.05477
s 02758 045297
10 lo0M15 005477
1 415324 60733 105.28395 W

» Phase A
Phase B
Phase C

Total

Vems (V)
23054011

230340
23094011

Il

Ims (A)
173165605

1731 65609
173165609

(4]

THDv (%)
544578

544578

544578

THOI (%)
745455

745435

745435

S kVA)
333 90884
339 90834

39390884

P W)

39191067
331 91067
39191067

NnEmR

0015

Q &VAR)
7958086
79 53086
7558086

238 74257

PF Freq
098

0ss

058

0s8 0

U 4.15(b) nansiaesgUnduLssiuLaznszUA(Plant D)
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WaN1591889NUI1T¥UUIAT THDV 1M1AU7.45% wazA1 THDI YAy 5.45%
wuinfiaiieuiuunsgiu IEEE519-1992 A1 THDvilAgend1u1asgiu Tnsanunsasouiiiey
AR arAMNInlAI399INa1579 4.4

v

P1519% 4.403suiTouaiinldassuazasaesanlusunsuinauITy
Results
Quantity
Meas. KMITLO1
% THDI 7.8% 7.45%
% THDv 5.449% 5.45%




UNN 5
NANT5I1a09A28ADUNINDS

2

5.1 d@gunan1snnaed
Usyailnusatuilgwmulneanwuuuasauilusunsuitonsizitymians-

Y
=l =

TuindfAniulussuulafiaidsiiinshadegunsaifuindouname flninszuansauas
nszuaadu laglusunsuagyinisiuamisiinesvesszuu sdauasiinaveslnandiag wdads
$ravsmenslundfiindunnivan DCuay AC Drivenauviauaninamiunauitusznaulude
srilulinduaraaniuvoinssuauazusauiiinuindioy

mnmattasilasldfeyaninnisinadmuin aritdraedlatialndidssueiiie
16939 uanniilusunsudianunsainisiisuiiouarersluiindurasdusuiisraodldiu
WnsgU EEE 519-1992 Fuduinasgruiimngduszuuliihnirgaamnssy Sannddldiiy
Amsgllsunsuannsauanaiminesueseluindmadn Hawmesimanzauiowsly
HaymanuiaisuasTudndndouiuanaaniuisuioulnueueindiouuazuda
nMsRnRailaSouieulaEndae

A15199 5.1 Wisuifisunamsinassiuradhassiulusunsuveslssnuaiivunalvgi(Plant A)

Result
Quality
Meas. PSPICE DRIVESIZE KMITLO1
%THDI 24.3% 27.9% 28.9% 26.32%
%THDv 7.8% 8.0% 11.3% 8.78%
/14 23.1% 26.5% 26.6% 23.1%
l2/14 6.1% 6.3% 8.8% 6.1%
I/l 2.1% 4.5% 5.3% 7.1%
lis/h 1.5% 3.0% 3.3% 3.9%
Vs/Vy 6.3% 6.5% 8.6% 5.7%
V7/V 2.2% 2.2% 4.0% 2.1%
V11V 2.2% 2.5% 2.7% 3.8%
Via/Vy 1.8% 1.9% 2.8% 0.14%
PF 0.95 0.98 0.94 0.95
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A13199 5.2 WisuiisuralinasaiunadiassinulusunsuveddsaluiiindanuanudouPlant B)
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Abstract

This paper introduces a way to analyze harmonics from AC and DC drives
system which cause harmonics problems and reduce the efficiency of the
system. By utilizing Microsoft Visual Basic to develop a program that can
be use to calculated the essential factor and process those information to
produce harmonic indexes parameters. waveform graphs and harmonic
spectrums while compare them to the IEEE 519-1992 Standard. This
program is designed to be easy to use that mainly for an entrepreneur or
an engineer who is considering install motor drives to their system. which

can prevent the future problem that will occur in the system.

Keywords: Power quality. Harmonics, Harmonic resonance. Passive

Filter, Drive
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Investigation of the Harmonic Distortion Generated by Adjustable
Speed Drives
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Abstract: - The paper presents a theoretical analysis and an experimental investigation of the harmonic
distortion regime produced by high-power AC adjustable speed drives in an industrial electrical network, on a
large chemical plant platform. There are investigated the voltage and current harmonic, both in the pimary-side
and in the secondary-side of the MV/LV power transformer. Simulation results, using both specialized and
commercial softwares, are presented and compared with experimental results.

Key-Words:- Power Quality, Harmonic Distortion, Adjustable Speed Drives, Variable Frequency Drives

1. Introduction

+ The industrial AC Adjustable Speed Drives (ASD),
incorporating power electronics have known lately a
very dynamic increase due to the positive effects,
like: energy savings, process optimization, smooth
machine operation, maintenance facilities, etc.
Because of its performance, ASD represents today a
standard element in all automated process plants.

At the same time, ASD became a significant
non-linear load component for power distribution
system, responsible for a serious harmonic pollution
of the supply system, [1]. In the last years, major
efforts have been focussed on harmonic assessment
and reduction techniques, as an important aspect of
power quality management, [2 - 10].

In [2] is given an assessment of the harmonics
found in an electrical distribution system, with a
sample of the different waveforms recorded during
the survey of several non-linear loads, also including
ASD’s.

An ASD evaluation test is presented in [3],
where are outlined the main concerns when using
ASD’s in a plant, including harmonics injected into
the power system.

A general purpose three-phase harmonic
equivalent ASD model is developed and
experimentally verified in [4] for analysing harmonic
propagation in balanced and unbalanced three-phase
power systems with ASD’s.

In [5] is proposed a method for determination of
line current distortions of VSI-fed ASD (VSI -
voltage-source inverter) under consideration of
actual drive loading, including the influence of AC

reactance and DC-link capacitance. In this manner, a
more detailed description of the harmonic distortion
in the line currents of VSI-fed drives is achieved in
order to improve the accuracy of harmonic analysis.

In [6] are presented some results obtained by
calculation and analysis of higher harmonics of
voltage and current resulting from installation of
large medium voltage variable frequency drives
(VFD) in a gas industrial facility. A harmonic study
analysis is done and the results are compared to the
requirements according to the European Standard EN
50160 or the IEEE Standard 519.

Performance evaluation tests of 6-pulse, 12-
pulse, and 18-pulse drives, compared to the
performance of a 6-pulse drive fed by a matrix
harmonic filter are presented in [7] and [8]
respectively. The main conclusion is that the matrix
harmonic filter provides superior harmonic
performance.

Finally, in [9] is given the theory of operation of
various passive harmonic mitigation techniques, such
as: line reactors, tunned harmonic trap filters, 12-
pulse and 18-pulse rectification, matrix harmonic
filters, and are demonstrated their typical real life
performances.

In the present paper, an experimental study of the
harmonic distortion produced by ASD’s in an
industrial supply network, of a large chemical, plant
is presented. The experimental results are compared
with those derived by simulation with an ASD
manufacturer specialized software DRIVESIZE",
[13], and the well-known PSpice simulation
software. There are also presented the associated
waveforms of line voltages and currents.



2. Theoretical background

The theoretical study of the harmonic distorted
state, associated with non-sinusoidal waveforms of
voltage and/or current is usually based on Fourier
analysis, [1,2]. In this respect, a periodic non-
sinusoidal voltage and a periodic non-sinusoidal
current can be expressed as the sum of a DC
component, and sine waves with a fundamental
frequency w:

mh

h=1
. (1)
ity=1,+>.1,,sin(h-0-1+a,-p,)

h=1

V(1) = V0+ZV sinfh-w-1+a,)

In order to describe quantitatively the distorting
state, various definitions of powers, and/or criteria
for the quality of electric power have been proposed,
[11,12]. In power terms, the distorting state is
characterized by the presence of a so-called
“distortion power”, D, as defined by the following
general relationships, where S represents the
apparent power, P - the active power and O - the
reactive power respectively:

S=v-.I :\/(V[,Hil/,fj-(f}ri]j} )
h=1

hi=1

P=Vo'fo+zlﬁ,'1n'005% 3)
h=1
Q = ZV.}I .]h .Sin gah (4)
h=1

D=4§-P* -0’ (5)

The distortion is characterized by various factors, the

most important among them being the “total

harmonic distortion”, THD, defined as follows, for
voltage and current respectively:

o0 VZ @ ]2

. h e h

THD, = [> - THD = [> L

h=2 " h=2 4

(6)

It can also be defined a "fotal harmonic factor",
THF, relative to the total r.m.s. value of the voltage
(V) and of the current (/), as follows:

iy

THF, = ©)

2

raF, = |3V
4

h=2

The above definitions (6) and (7) include the
interharmonics as well.
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The input power factor can de defined as follows:

PF = 2 (8)

In the above relationships, V,, [;, represent the
fundamental r.m.s. line voltage and line current. cosgp
— the displacement power factor, and ¢, - the phase-
shift between the instantaneous voltage harmonic
(¥}) and the instantaneous current harmonic (7,).

A non-linear current-distorting load, connected
to an electric supply network, at a Point of Common
Coupling (PCC), produces a voltage distortion, due
to the voltage drop across the source (line)
shortcircuit impedance, Z, =R, +jwlL,, Fig. 1, [1]:

Vi=£2,-1,=(R+jo-L)-1, 9)

In such a manner, the linear loads connected in
PCC, are “overcharged” with a distortion (harmonic)
active power, resulted from the harmonic currents
injected into the line by the distorting load.

L(l., Distorting
Load

Linear
Loads

Fig. 1. The mechanism of line voltage distortion.

3. System configuration

The configuration of the power system under
investigation is presented in Fig. 2. The dedicated
step-down transformer TI1, supplies three ASD’s,
each frequency converter unit being rated at
320kVA/0,4kV. Every ASD is designed to drive,
with adjustable speed, a cooling tower fan, with an
asynchronous three-phase motor rated at 250kW.
The frequency converter has a network interface
built with a three-phase half-controlled bridge
rectifier (6-pulse rectifier), with a DC-filter
capacitor; the rectifier is connected to the mains via a
three-phase inductor (AC line reactor). The
transformer T1 is in D/y, connection, with short
circuit impedance z,,=5,78%.



Theoretically, in this case, the input current
harmonics can be described as a function of pulse
number, p, as follows, [7]:

h=(n-pxl); n=123.. p=6 (10)
T1
1600kVA
6/0,4kV
Pu
3xACS600
Ul U2 U3
M1 M2 M3
250kW 250kW 250kW

Fig. 2. The power system configuration.

The harmonic level, defined as the ratio between
the r.m.s. of harmonic component and the r.m.s. of
its fundamental, is dependent — in this configuration
— on the rectifier input current and the inductance of
the input filter, respectively. In this respect, it is
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useful to define the per-unit-voltage impedance, as
follows (neglecting the resistive component):

2 LT
zzﬁ%-loom] (11)
where:
L — the total input inductance (line + transformer
+ filter);

Jf— the frequency of the line voltage ;

J'— the line phase-to-phase voltage;

I; —the r.m.s. of fundamental input current.
For the investigated power system. presented in Fig.
2, two measurement sets have been performed both
at the medium-voltage side (point *17), and the low-
voltage side (point ~2) respectively. Every ASD unit
was set at 90% of the rated load. The experimental
results have been compared with the simulated ones.
The simulations have been performed using both
PSpice and DRIVESIZE simulation tools.

4. Simulated and experimental results
The results are illustrated as follows:

a)The measuring point 2 (LV side): the experimental
voltage and current waveforms. are presented in
Fig.3; the simulated harmonic spectra of input
voltage and current are presented in Fig. 4, and in
Fig. 5 respectively; the experimental harmonic
spectra are presented in Fig. 6.

b)The measuring point 1 (MV side): the
experimental voltage and current waveforms, are
presented in Fig.7; the experimental input voltage
and current harmonic spectra are given in Fig. 8.

VnF1:233 (V) Vn F2:232 (V) VnF3:233 V)
THD: 8.0 % THD: 7.7 % THD: 7.5 %
Maximum: 344 (V) Maximum: 348 (V) Maximum: 345 (V)
Minimum: -345 (V) Minimum: -346 (V) Minimum: -346 (V)

" N Y
/ Ty R,

00

In F1: 1095 (A)
THD: 23.7 %

InF2: 1071 (A)
THD: 23.8 %

In F3: 1098 (A)
THD:23.3 %

Fig. 3. Recorded waveforms — low-voltage side (point 2).
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a). Voltage harmonic spectrum
30%
I 20% |
§10%
M | T

2 46 81012141618202224262830323436384042444648

Harmonic order

b). Current harmonic spectrum
Fig. 4. The DRIVESIZE simulated input voltage and current harmonic spectra — measuring point 2.

g
0%-!"'I;I:::l-o—.]:;:l—j | T T T T T
2 46 8101214161820 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Harmonic order
a). Voltage harmonic spectrum
30%
In/l1 M
‘—'10%
0% b ‘l:"l::l':‘l.—l:f = -

2 46 81012141618 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Harmonic order

b). Current harmonic spectrum
Fig. 5. The PSpice simulated input voltage and current harmonic spectra — measuring point 2.
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Fig. 6. The experimental input voltage and current harmonic spectra — measuring point 2.
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Vn F1: 3703 (V) Vn F2: 3709 (V) Vn F3: 3699 (V)
THD: 2.3 % THD: 2.8 % THD: 2.5 %
Maximum: 5160 (V) Maximum: 5160 (V) Maximum: 5160 (V)
Minimum: -5160 (V) Minimum: -5160 (V) Minimum: -5220 &)
Py
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\ / \ / / 5
. [, \ ¥ '/ \
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v 3
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InF1:69.147 (A)
THD: 22.9 %

In F2: 68.795 (A)
THD: 23.0 %

InF3:70.501 (A)
THD: 22.2 %

Fig. 7. Recorded waveforms — medium-voltage side (point 1).

iz i EH = jasx ] i

% Vn L1 % Vn L2 % Vn L3 % InL1 %Inl2 %InL3

1 1 a4 "
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Fig. 8. The experimental input voltage and current harmonic spectra — measuring point 1.



In Table 1 and in Table 2 are syntheticaly presented
the simulated and experimental results, for the LV
side and the MV side of the power transformer T1.

Table 1
Quantity Results (measurement point no. 2)
meas. SPICE | DRIVESIZE
THD; 24.3% 27.9% 28.9%
THD, 7.8% 8.0% 11.3%
1:/1, 23.1% 26.5% 26.6%
1,/1, 6.1% 6.3% 8.8%
I,/1; 2.7% 4.5% 5.3%
1,5/1, 1.5% 3.0% 3.3%
ViV, 6.3% 6.5% 8.6%
V4V, 2.2% 2.2% 4.0%
Vi/V, 2.2% 2.5% 3.7%
V'V, 1.8% 1.9% 2.8%
€Os @ 0.98 0.98 0.98
PF 0.95 - 0.94
Table 2
Quantity Results (measurement point no. 1)
meas. SPICE | DRIVESIZE
THD; 23.3% 27.5% 28.9%
THD, 2.5% 2.6% 2.6%
1s/1, 22.2% 26.0% 26.6%
15/1, 6.0% 7.0% 8.8%
/1, 2.7% 4.3% 5.3%
1,5/14 1.5% 3.0% 3.3%
Vs/V, 2.1% 2.0% 2.0%
V4/V, 0.4% 6.0% 0.9%
Viu/V, 0.6% 7.0% 0.9%
V'V, 0.4% 5.0% 0.7%
cos @, 0.96 0.97 0.98
PF 0.93 - 0.942

5. Conclusion
The main conclusions that can be inferred from the
above investigations, are:

- The ASD represents a current distortion load for
the electric supply network (THD; >> THD,);

- There are no significant differences between the
MV and the LV side current harmonic levels,
inclusive the both THD;;

- The voltage distortion is higher at the LV side of
the power transformer T1;

- The fifth-order current harmonic is dominant in
the input current harmonic spectrum;

- There is a fairly agreement between the
simulated and the measured corresponding results.
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In This Section

Over time, several “universal” issues affecting elevator installation and/or modernization have
repeatedly been of concern. This section contains technical “white” papers addressing several of
these issues, including:

Drive System Considerations

Motor Generator vs. Static Drives: A look at when it might be appropriate to stay with
motor generator drives rather than switching to static drives.

AC Motor Controls for Elevators: A review of pertinent issues regarding proper application
and installation of AC motors and drives.

Harmonic Analysis and Comparison: A discussion of harmonic analysis and comparison of
DC and AC static drives.

AC Inverter Drives & RFI: A review of the generation of electrical noise and effects of RFI
in AC static drives.

Modernization Performance Charts

17-1
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Drive System Considerations

This introductory information is a preface to the separate white papers in this section, provid-
ing information about why they were written, including:

» Purpose

« Overview

» Communication is Vital
+ Drive Technology

Purpose
This Technical Publication discusses drive system considerations for selection of elevator drives
and possible side effects associated with static drives.

Motion Control Engineering manufactures elevator control systems using motor generator and
DC-SCR or AC static drives. MCE’s experience as a control system supplier suggests the need to
improve industry understanding regarding the application of elevator control drive systems.

Overview
Many modernization projects use static drives successfully (either DC-SCR or AC inverter type).
On the other hand, a few projects have presented significant difficulties from which much can
be learned.

As an elevator control system supplier, MCE has become aware of problems that result from the
use of static drives. These situations underscore the need to share experiences and maintain an
open dialogue between elevator control suppliers, consultants, contractors and other interested
parties.

Communication is Vital
Sometimes, neither consultants, contractors nor control suppliers alone recognize a potential
problem. Communication is vital to the successful installation of static drives and it is, of
course, preferable to address as many issues as possible up front. Mutual recognition of
potential issues is the key to a successful project. This is particularly true for modernization.

Occasionally, a problem comes as a total surprise. The result is chaos -- especially for the end
user, who cannot understand how knowledgeable elevator industry people could have failed to
foresee the difficulty. Some specification writers have attempted to address issues in advance by
specifying that, “The contractor and/or control supplier shall be responsible for everything that
may occur as the result of the application of static drives.” This is not a reasonable solution.

To best serve the customer and the industry, it is necessary to establish a continuous dialogue.
There are issues that can be recognized up front and potential difficulties prevented.
Consultants, contractors and control suppliers working as a team can research, evaluate and
resolve issues.

17-2 Manual # 42-01-SPECS
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Drive System Considerations

An example of an issue not properly identified and adequately addressed is the case where
elevators were converted to DC-SCR static drives. During the completion stages of the project it
was discovered that the existing building power supply was inadequate. What can an owner or,
for that matter, a supplier do when they have no prior knowledge of this type of job specific
condition?

The contractor, consultants and others directly familiar with a project should recognize the
need for power system evaluation. Everyone involved with a modernization project should
remember that existing elevators frequently do not run at contract speed. Further, static drives
may affect AC power distribution systems differently than original DC or AC elevator controls.

Drive Technology

Modern drive technology includes motor generator drives using static field control, DC-SCR
static drives and AC static drives. These state-of-the-art drives raise additional issues for
consideration.

Old relay technology had little or no effect on the AC line. This equipment generated little or no
noise, and operated well with emergency power generators.

Static drives present issues for new construction and retrofitting (modernization) of existing
systems. Static drives are preferred, in most cases, over motor generator drives. For new con-
struction, the static drive option can be evaluated and used as the basis for design of the eleva-
tor machine room and the AC power distribution system. For modernization projects, it is
important to recognize the potential for damaging effects from static drives, including:

» Degraded performance of emergency power generators
Additional heating and induction motor power losses

= Audible noise

- Interference with sensitive medical equipment

« Interference with computers

« Interference with radio and television equipment

Noise is generated as a result of static drive switching and the way these devices draw current
from the AC line. Static drives use switching devices, including SCRs, transistors, and IGBTs,
that switch very rapidly, producing Radio Frequency Interference (RFI). Static drives also
produce current distortion (harmonic distortion) on the AC line.

Types of noise include:

» Audible Noise - Airborne
« Physical Noise - Structure conducted
« Electrical Noise - Radiated or conducted
. Radiated Noise from wires connected to a drive becomes an issue when the magnitude
creates RFI that interferes with radio receivers and other devices.
« Conducted Noise transmitted from the drive through electrical conductors can result
in harmonic distortion, line notching, and other disturbances.

While static drives have some unfriendly characteristics, their overall performance makes them

highly desirable. When the implications are understood, static drives frequently provide the
best total solution for elevator control.
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Conclusion
The MCE Technical Publication series is intended to be an informative catalyst for ongoing
dialogue and sharing of information between consultants, elevator contractors, owners and

other interested parties. MCE Technical Publications are available on our website at
www.mceinc.com.

Don Alley, Chief Engineer
MCE R&D Staff
January 1996

Note /

Coline. SEESY
It is MCE’s philosophy to share information with interested parties. To this end MCE grants
unlimited reproduction rights, with proper attribution, to NAVTP and/or NAEC to further engi-
neering and technical excellence within the elevator industry.
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Harmonic Analysis and Comparison

Yaskawa Flux Vector VFAC Drive

MCE test tower data; 350 fpm, 20 HP AC motor, full load up acceleration. Ideal voltage and
current should be illustrated as perfect sine waves. Fifth an seventh current harmonics are
severe. The voltage waveform peaks are “flattened” unlike either SCR drive.

Figure 17.4 Yaskawa Flux Vector VFAC Drive
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Yaskawa Flux Vector VFAC Drive
MCE test tower data; 350 fpm, 20HP AC motor, full load up acceleration. Data is considered to

be typical for most VFAC drives. RMS Current Total Harmonic Distortion (THD Rms) or 44.3%.
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Current magnitude (Imag) of the largest harmonic (fifth) as a percentage of the 60 Hz
fundamental, or 12.1 amps/28.4 amps = 42.6%.

Readings - 11/02/94 08:43:50
Summary Information Recorded Information
Voltage Current

Frequency 60.0 RMS 473 317 V RMS
Power Peak 652 59.3 A RMS
KW 13.3 DC Offset =2 -0.4 V Peak
KVA 15.0 Crest 1.38 1.87 A Peak
KVAR 2.8 THD Rms 3.8 44.3 V THD-F%
Peak KW 38.8 THD Fund 3.8 49.4 A THD-F%
Phase 12° lead HRMS 18 14.0 K Watts
Total PF 0.89 KFactor 7.9 KVAR
DPF 0.98 TPF

DPF

Frequency

Harmonic Distortion
Freq. V Mag %V RMS V Phase I Mag % I RMS | Phase |Power (KW)

DC 0.0 2 0.4 0 0.4 1.2 0 0.0
1 60.0 473 100.3 -12 28.4 90.6 0 13.1
2 119.9 0 0.1 -154 0.4 1.3 65 0.0
3 179.9 i 0.2 -75 1.9 6.0 158 0.0
4 239.8 0 0.0 -11 0.1 0.4 -125 0.0
5 299.8 18 3.8 154 12:1 38.7 -158 0.1
6 359.8 0 “(0.0 172 0.1 0.2 89 0.0
7 419.7 1 0.2 -141 6.1 19.6 9 0.0
8 479.7 0 0.0 72 0.1 0.2 -84 0.0
9 539.7 0 0.0 -41 0.2 0.5 -11 0.0
10 599.6 0 0.0 -146 0.1 0.2 47 0.0
1 659.6 2 0.3 59 2.2 Tl 133 0.0
12 719.5 0 0.0 46 0.0 0.0 -95 0.0
13 799.5 1 0.2 120 1.2 3.9 -106 0.0
14 839.5 0 0.0 5 0.0 0.1 150 0.0
15 899.4 0 0.0 164 0.1 0.2 -128 0.0
16 959.4 0 0.0 42 0.0 0.0 -165 0.0
17 1019.3 i 0.2 -38 1.0 3:1 27 0.0
18 1079.3 0 0.0 39 0.0 0.0 -32 0.0
19 1139.3 1 0.1 -1 0.5 1.7 131 0.0
20 1199.2 0 0.0 92 0.0 0.1 44 0.0
21 1259.3 0 0.0 53 0.1 0.2 46 0.0
22 1319.2 0 0.0 17 0.0 0.1 -176 0.0
23 1379.1 1 0.1 -143 0.5 1.7 -83 0.0
24 1439.1 0 0.0 41 0.0 0.0 81 0.0
25 1499.0 1 Dl -120 0.3 0.9 7 0.0
26 1559.0 0 0.0 134 0.0 0.1 -54 0.0
27 1619.0 0 0.0 -144 0.1 0.2 -37 0.0
28 1678.9 0 0.0 155 0.0 0.0 -70 0.0
29 1738.9 1 0.1 89 0.4 1.1 169 0.0
30 1798.8 0 0.0 113 0.0 0.0 59 0.0
31 1858.8 0 0.1 136 0.2 0.7 -119 0.0
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Harmonic Analysis and Comparison

Conventional 6-Pulse DC SCR Drive
Data taken from MCE test tower; 350 fpm, 20 HP DC motor, full load up acceleration. Ideal
voltage and current should be illustrated as perfect sine waves. Note that the largest current
harmonics are the fifth and seventh. This data is typical and would be identical for a 6-pulse
SCR drive of any manufacturer.

Figure 17.5 Conventional 6-Pulse DC SCR Drive
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Conventional 6-Pulse DC SCR Drive

Data from MCE test tower, 350 fpm, 20HP DC motor, full load up acceleration. Note
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particularly the RMS Current Total Harmonic Distortion (THD RMS of 25.9%). Also note the
current magnitude (Imag) of the largest (fifth) as a percentage of the 60 Hz fundamental, or
10.6 amps/45.5 amps = 23.3%.

Readings - 09/22/94 16:12:57
Summary Information Recorded Information
Voltage [Current

Frequency [60.0 RMS 484 47.3 V RMS
Power Peak 695 65.9 A RMS
Kw 16.8 DC Offset |-2 -0.3 V Peak
KVA 22.9 Crest 1.44 1.39 A Peak
KVAR 14.4 THD Rms (2.6 25.9 V THD-F%
Peak KW 46.8 THD Fund (2.6 26.9 A THD-F%
Phase 41° lag HRMS 12 12,2 K Watts
Total PF 0.74 KFactor 5.1 KVAR
DPF 0.76 TPF

DPF

Frequency

Harmonic Distortion
Freq. V Mag %V RMS V Phase I Mag % I RMS

DC 0.0 2 0.3 0 0.3 0.6
i} 60.0 484 100.3 41 45.5 96.9
2 119.9 0 0.1 65 0.7 1.5
3 179.9 1 0.1 56 2.0 4.2
4 239.8 0 0.0 -105 0.1 0.1
5 299.8 11 2.4 130 10.6 22.5
6 359.8 0 0.0 -95 0.1 0:2
7 419.7 2 0.5 49 3.1 6:5
8 479.7 0 0.0 -39 0.1 0.3
9 539.7 0 0.0 142 0.4 0.8
10 599.6 0 0.0 30 0.1 0.3
11 659.6 2 0.5 -90 3.3 7.0
12 719.5 0 0.0 =13 0.2 0.3
13 799.5 2 0.3 -138 2.1 4.5
14 839.5 0 0.0 23 0.1 0.1
15 899.4 0 0.1 -98 0.4 0.8
16 959.4 0 0.0 84 0.0 0.1
17 1019.3 1 0.3 108 1.7 3.6
18 10793 0 0.0 94 0.1 0.1
19 1139.3 1 0.3 39 1.4 3.0
20 1199.2 0 0.0 -49 0.0 0.1
21 1259.3 0 0.0 70 0:3 0.7
22 1319.2 0 0.0 0 0.1 0.2
23 1379.1 1 0:3 -84 1.1 2.3
24 1439.1 0 0.0 -40 0.1 0.2
25 1499.0 1 0.3 -146 1.0 2.2
26 1559.0 0 0.0 -47 0.1 0.1
27 1619.0 0 0.0 -136 0.3 0.
28 1678.9 0 0.0 41 0.0 0.1
29 1738.9 1 0.2 86 0.7 1.4
30 1798.8 0 0.0 96 0.0 0.1
31 1858.8 1 0.2 34 0.7 1.5
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Harmonic Analysis and Comparison

12-Pulse SCR Drive (MCE System 12)
Data taken from MCE test tower; 350 fpm, 20 HP DC motor, full load up acceleration. Ideal

voltage and current should be illustrated as perfect sine waves. Note that the largest current
harmonics are the eleventh and thirteenth.

Figure 17.6 MCE 12-Pulse SCR Drive
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M

12-Pulse DC SCR Drive (MCE SYSTEM 12)
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Data taken from MCE test tower, 350 fpm, 20 HP DC motor, full load up acceleration. Note
particularly the RMS Current Total Harmonic Distortion (THD RMS of 13.5%. Also note the

current magnitude (Imag) of the largest (eleventh) as a percentage of the 60 Hz fundamental, or

4.9 amps/45.3 amps = 11.1%.

Readings - 08/25/94 11:40:17
Summary Information Recorded Information
Voltage Current

Frequency 60.0 RMS 487 44.7 V RMS
Power Peak 699 65.1 A RMS
Kw 17.8 DC Offset |-2 -0.3 V Peak
KVA 21.8 Crest 1.43 1.46 A Peak
KVAR 12.0 THD Rms (2.6 13.5 V THD-F%
Peak KW 45.1 THD Fund (2.6 13.6 A THD-F%
Phase 34° Jag HRMS 13 6.0 K Watts
Total PF 0.82 KFactor 3.5 KVAR
DPF 0.83 TPE

DPF

Frequency

Harmonic Distortion
Frequency V Mag %V RMS VPhase [I Mag % I RMS

DC : 0.4 0 0.3 0.7
1 60.0 487 100.3 34 443 99.8
2 119.9 1 0.1 -107 0.1 0.1
3 179.9 1 0.2 70 1.8 4.1
4 239.8 0 0.1 -75 0.1 0.1
5 299.8 2 2.4 86 1.3 2.9
6 359.8 0 0.0 67 0.0 0.0
74 419.7 1 0.3 15 1.4 3.2
8 479.7 0 0.0 138 0.0 0.1
9 535.7 0 0.0 -140 0.4 0.9
10 599.6 0 0.0 165 0.1 0.1
11 659.6 3 0.7 105 4.9 11.1
T2 719.5 0 0.0 -97 0.1 0.2
13 799.5 2 0.3 -3 1.5 3.3
14 839.5 0 0.0 -59 0.0 0.1
15 899.4 0 0.0 -25 0.1 0.2
16 959.4 0 0.0 141 0.0 0.1
17 1019.3 i} 0.1 -57 0.5 1.2
18 10793 0 0.0 -158 0.0 0.0
19 1139.3 0 0.1 12 0.4 0.8
20 1199.2 0 0.0 171 0.0 0.0
23 1259.3 0 0.0 8 0.1 0.3
22 1319.2 0 0.0 26 0.0 0.1
23 1378.1 2 0.3 -84 1.4 3.0
24 1439.1 0 0.0 -10 0.1 0.2
25 1499.0 1 0.3 -146 0.8 1.8
26 1559.0 0 0.0 169 0.0 0.1
27 1619.0 0 0.0 -65 0.0 0.0
28 16789 0 0.0 -128 0.0 0.1
29 1738.9 0 0.1 157 0.2 0.4
30 1798.8 0 0.0 -94 0.0 0.0
31 1858.8 0 0.1 -115 0.1 0.3
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Harmonic Analysis and Comparison

Supplemental Job Site Analysis

Purpose
Supplemental jobsite analysis was undertaken to compare the results of the Test Tower study
with actual jobsite measurements. The general discussions of the Test Tower Research are
applicable to this supplemental study.

Tested Drives
Two types of static drives were evaluated at the jobsite. They are the Magnatek 6-pulse DC SCR
drive and MCE’s SYSTEM 12 using 12-pulse DC SCR drive. The job sites are as follows:

1. 1) International Towers Building -- 700 fpm; 2500 Ib capacity; Magnatek 6-pulse drive;
General Dynamics ED machine; 35.4 HP; 115 amp/260 volt armature; 480 AC line volt-
age.

2. 2)Plaza Building -- 500 fpm; 3000 1b capacity; MCE SysSTEM 12; Otis 131HT machine;
32 HP; 177 amp/150 volt armature; 480 AC line voltage.

Testing Methodology
The gearless elevators were tested using a Fluke Model 41 Power Harmonics Analyzer for all
measurements and computations. Data was take from the primary side of the isolation
transformers and downloaded to a printer. It was decided to measure worst-case conditions for
the drives, which in the absence of test weights, is during empty car acceleration in the down
direction.

Evaluating the Data

Conventional 6-Pulse DC SCR Drive - International Towers Building
The voltage waveform doesn’t provide much information because it is very close to a sine wave.
This is confirmed by measured Voltage Total Harmonic Distortion of 4.1% (THD Rms under the
Voltage column). Note that voltage harmonics are insignificant on the bar graphs.

For a 6-pulse DC SCR drive, the main harmonics are five, seven, eleven, thirteen and so forth.
Looking at the data table it is important to note that Current Total Harmonic Distortion is
26.9% (THD Rms under the Current column). The current magnitude (Imag) column shows the
largest harmonic (fifth) as a percentage of the 60 Hz fundamental, or 13.7 amps/64.7 amps =

21.2%. i
I 17
12-Pulse DC SCR Drive - Plaza Building S

As expected, the 12-pulse voltage waveform doesn’t reveal any more information than the 6-
Pulse voltage waveform because it also closely approximates a sine wave. The Voltage Total
Harmonic Distortion confirms this, measured at only 2.5% lower than that of the
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6-pulse DC SCR drive.
The SysTEM 12 current waveform more closely resembles that of an ideal sine wave than the
waveform for the 6-pulse DC SCR. When the current harmonics are examined, one can see they
are greatly reduced in comparison to the 6-pulse drive. The significant harmonics for the 12-
pulse drive are 11, 13, 23, 25 and so forth.

Finally, checking the data table, the Current Total Harmonic Distortion is only 6.5% (THD
Rms under the Current column). This represents meaningful improvement over the 6-pulse DC
SCR drive. The current magnitude (Imag) column shows the largest harmonic (11th) as a
percentage of the 60 Hz fundamental, or 4.7 amps/93.3 amps = 5.0%.

The Plaza Building SYSTEM 12 drive offers a factor of four improvement in Total Harmonic
Distortion when compared to the International Towers Building 6-pulse DC SCR drive.

Conclusion
The supplemental analysis further validates the hypotheses of the Test Tower Research in that a
12-pulse SCR drive produces substantially less harmonic distortion than other static drives
typically used. It must be noted that levels of Harmonic Distortion will vary from installation to
installation as the result of job-specific variables (current drawn, car direction and loading, line
stiffness, other static drives sharing the line, baseline distortion). -
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Harmonic Analysis and Comparison

Conventional 6-Pulse DC SCR Drive

Data taken from International Tower Building; 700 fpm, 5.4 HP DC motor, empty car down
acceleration. Ideal voltage and current should be illustrated as perfect sine waves. Note that the

largest current harmonics are the fifth and seventh. This data is typical and would be identical
for any 6-pulse SCR drive of any manufacturer.

Figure 17.7 Conventional 6-Pulse DC SCR Drive
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Conventional 6-Pulse DC SCR Drive

Data taken from International Tower Building — 700 fpm, 35.4 HP DC motor, empty car down
acceleration. Note particularly the RMS Current Total Harmonic Distortion (THD RMS of
26.9%. Also note the current magnitude (Imag) of the largest (fifth) as a percentage of the 60 Hz
fundamental, or 13.7/64.7 amps = 21.2%.

Readings - 11/03/95 15:59:14
Summary Information Recorded Information
Voltage Current

Frequency 60.0 RMS 484 67.2 V RMS
Power Peak 692 97.9 A RMS
KW Tad DC Offset -1 -0.3 V Peak
KVA 32.5 Crest 1.43 1.46 A Peak
KVAR 30.5 HD Rms 47 26.9 V THD-F%
Peak KW 39.4 THD Fund 4.1 27.9 A THD-F%
Phase 77° lag HRMS 20 18.1 K Watts
Total PF 0.22 KFactor 7 KVAR
DPF 0.22 TPF

DPF

Frequency

Harmonic Distortion
Freq. V Mag oV RMS [V Phase [l Mag % I RMS | Phase [Power
(KW)

DC 0.0 1 0.3 0 0:3 0.5 0 0.0
i 60.0 484 100.2 i 64.7 96.7 0 6.8
2 119.9 0 0.1 -68 0.3 0.5 94 0.0
3 179.5 1 0.2 -127 1.4 2.1 -51 0.0
4 239.8 0 0.0 -27 0.2 0.3 46 0.0
5 299.8 10 2.0 -175 13.7 20.5 -11 -0.1
6 359.8 1 0.1 -37 0.1 0.1 98 0.0
7 419.7 7 1.4 -94 D 11.2 -14 0.0
8 479.7 0 0.0 =37 0.2 0.3 82 0.0
9 539.7 il 0.2 101 0.4 0.6 -164  |0.0
10 599.6 0 0.0 =15 0.2 0.3 49 0.0
11 659.6 g 1.4 -147 5.6 8.3 =21 0.0
12 7155 0 0.0 -56 0.1 0.1 56 0.0
13 799.5 b 5 -104 4.1 6.4 -32 0.0
14 839.5 0 0.0 -61 0.2 0.3 70 0.0
15 899.4 1 0.1 0 0.2 0.3 110 0.0
16 959.4 0 0.1 -46 0.2 0.3 39 0.0
17 1019.3 7 1.4 -164 3.4 5.1 -38 0.0
18 1079.3 0 0.0 -63 0.1 0.1 29 0.0
19 11393 5 1.0 -108 26 3.8 -42 0.0
20 11599.2 0 0.1 -51 0.2 0.3 60 0.0
21 1259.3 0 0.1 -108 0.1 0.1 =12 0.0
22 1319.2 0 0.1 -58 0.2 0.3 15 0.0
23 13791 6 1.2 179 253 3.4 -53 0.0
24 1439.1 0 0.1 -59 0.1 0.1 37 0.0
25 1499.0 5 1.1 =117 2.0 2.9 -53 0.0
26 1559.0 0 0.1 -77 02 0.3 37 0.0
27 1619.0 0 0.1 150 0.1 0.1 -116 0.0
28 16789 0 0.1 -71 0.2 0.3 0 0.0
29 1738.9 5 1.0 169 1.6 2.4 -64 0.0
30 1798.8 0 0.1 -87 0] 0.1 -2 0.0
31 1858.8 5 1.0 -136 1.6 2.4 -71 0.0
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12-Pulse SCR Drive (MCE System 12)
Data taken from the Plaza Building; 500 fpm, 32 HP DC motor, empty car down aceceleration.
Ideal voltage and current should be illustrated as perfect sine waves. Note that the largest

current harmonics are the eleventh and thirteenth.

Figure 17.8 12-Pulse SCR Drive (MCE System 12)
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12-Pulse DC SCR Drive (MCE System 12)
Data taken from Plaza Building, 500 fpm, 32 HP DC motor, empty car down acceleration. Note
particularly the RMS Current Total Harmonic Distortion (THD RMS of 13.5%. Also note the

current magnitude (Imag) of the largest (eleventh) as a percentage of the 60 Hz fundamental, or

4.7 amps/93.5 amps = 5.0%.

Readings - 11/06/95 15:31:22
Summary Information Recorded Information
Voltage Current

Frequency [60.0 RMS 469 93.7 V RMS

Power Peak 645 1353 A RMS

KW 39 DC Offset |-2 -0.4 V Peak

KVA 44 Crest 1.38 1.44 A Peak

KVAR 20 THD Rms |2.5 6.5 V THD-F%

Peak KW 85 THD Fund [2.5 6.6 A THD-F%

Phase 27° lag HRMS 12 6.1 K Watts

otal PF 0.89 KFactor 1.6 KVAR

DPF 0.89 TPF

DPF
Frequency
Harmonic Distortion
Freq. V Mag %V RMS V Phase I Mag % I RMS | Phs [Power
(KwW)

DC 0.0 2 0.3 0 0.4 0.4 0 0.0
1 60.0 469 100.3 27 935 100.1 0 6.8
2 119.9 0 0.1 -115 0.2 0.2 143 /0.0
3 179.9 1 0.3 122 0.5 0.5 -167 ]0.0
4 239.8 [0] 0.1 -41 0,1 0.2 7o 0.0
5 299.8 8 i -37 1.0 T -160 [-0.1
6 359.8 0 0.0 18 0.0 0.0 32 0.0
7 419.7 7 1.6 -168 1.0 1T 137 0.0
8 479.7 0 0.0 124 0.1 0.2 -91 [0.0
9 539.7 1 0.1 -18 0.1 0.1 53] 0.0
10 599.6 0 0.0 158 0.2 0.2 -148 10.0
11 659.6 3 0.6 131 4.7 5.0 171 ]0.0
12 719.5 0] 0.0 -112 0.1 i 124 0.0
13 799.5 2 0.4 7 3.5 3.7 179 10.0
14 839.5 0 0.0 -79 0.1 0.1 42 0.0
15 899.4 0 0.1 102 0.1 0.2 84 0.0
i6 959.4 0 0.0 -5 0.1 0.1 -69 0.0
17 1019.3 2 0.4 -46 0.3 0.4 -60 [0.0
18 1079.3 0 0.0 89 0.0 0.0 -169 0.0
19 1139.3 1 0.2 128 0.2 0.2 4 0.0
20 1199.2 0] 0.0 107 0.0 0.0 -138 /0.0
21 1259.3 0 0.1 -101 0.1 0.1 153 |0.0
22 1319.2 0 0.0 -46 0.0 0.0 136 [0.0
23 1379.1 1 0.3 98 0.7 0.7 -179 0.0
24 14391 0 0.0 -146 0.0 0.0 84 0.0
25 14990 1 0.2 -84 0.4 0.4 97 0.0
26 1559.0 0 0.0 -79 0.1 0.1 -55 10.0
27 1619.0 0 0.1 32 0.0 0.0 -51 |0.0
28 1678.9 0 0.0 0] 0.0 0.0 -97 0.0
29 1738.9 1 0.2 -120 0.3 0.3 -19 0.0
30 1798.8 0 0.0 -165 0.0 0.0 -158 |0.0
31 1858.8 1 0.1 51 0.1 0.1 -33 |0.0
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® Rated Voltage : 200, 210, 220, 230, 240, 400, 415, 440, 525 volts.
® Capacitor Rated Voltages with L= 6%, L=13% SR are also available.
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SELECTION OF CAPACITOR OUTPUT (kvar)
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