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12 Switch Mode Power Supply
13 Forward converter

14 push-pull converter

15 Half-bridge converter
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18 Buck regulator

19 Boost regulator

VO



gl alalesl aSih s Cuz b sleiiy A1) g sauca gyl (5 15 sloj9me (s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

Ty Sk e @

Input

Noise
O Filter

Inrush
Input Output
— Current— 2 —— Converter — 5 t.2
limiting Rectifier Rectifier
Error AMP
Protection
Circuit

DC 29,5 3 AC (539,9 U SMPS (o o155 (V-F) S5

Output

DIf]cwl oais 03l (isled DC (295 9 AC (63,5 L SMPS &iges S (g)lso pl)SLs + po

0] cosl gilas 3k 5 35350 CLSMPS 5 5 553 g5, tiyls Collsd SMPS il o) o & sl i Sl sy b

3k 50 99250 GLSMPS 4lgi ¢ 5Lds &5, (1-F) Jguz

SMPS asbo b akuly j5 39290 u”")T o lailiw! Caw ppd (\-V) Jouo

9,9 5y >9> W 29 oly
100VAC-500VAC 5VDC, 12VDC, 24VDC, 48VDC 10W-1kW
SMPS d?}i AL TR R W) A PR P

ol 03 (65913,5 ¢ )3 aoMS Sygo 4 SMPS L alaly )3 0 5 ym0 (ladlaibil oles

61204:1993 IEC
+AMD1:2001

devices, d.c. output - Performance
characteristics

3,15kl 0lass ol s iy
OlF & Sliaes Gl p3Y gl Joall g
Low-voltage  power  supply | <757 4 (s gl Jold) ol W5

DC L AC iy — DC clg Y-}l yuuS
ok oy ghe = g Fee S (6395

ClgglS ¥ 5]

IEC 61000-4-2:2008

Electromagnetic ~ compatibility
(EMC) - Part 4-2: Testing and
measurement  techniques -
Electrostatic discharge immunity

test

oseil —Seilsl g ogeil slSuSs

20 Buck-boost regulator

\%



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

HgeS 50 D,a8 Ssg Sl

IEC 61000-4-3:2006

Electromagnetic ~ compatibility
(EMC) - Part 4-3: Testing and
measurement  techniques -

ool —Selul g pseil SSiss

+AMD1:2007+AMD2:2010 | b jiated, radio-frequency, B2 puebliag S gl Cugae
Csv L . X
electromagnetic field immunity S g (2920l
test
Electromagnetic ~ compatibility

IEC 61000-4-4:2012 RLV

(EMC) — Part 4-4: Testing and
measurement  techniques -
Electrical fast transient/burst

immunity test

09l —xSelsl g el S SSS
S @ 635 Ciguan

IEC 61000-4-5:2014

Electromagnetic ~ compatibility
(EMC) - Part 4-5: Testing and
measurement techniques - Surge

immunity test

o)l —Selul g pgeil SeSiSs
SRSL oy plp ) Cuigan

IEC 61000-4-6:2013

Electromagnetic ~ compatibility
(EMC) - Part 4-6: Testing and
measurement  techniques -
Immunity to conducted
disturbances, induced by radio-

frequency fields

2 Eigas —pSolul g (el SlaSiSs
ol e 1 8L olaa SYMS] ply

9,

+A2:2010 BS EN 55022:2006

Information technology
equipment. Radio disturbance
characteristics. Limits and

methods of measurement

SYMiR ] Slasuie «leMbl (¢ )5ld Sl

s x50jul slagsbyy 9 Lrcudgion (29,

BS EN 50178:1998

Electronic equipment for use in
power installations

Cuai yd odldtwl jolaie &y (Suig Sl ljupoe

IEC 60950-1:2005
+AMD1:2009+AMD2:2013
Csv

Information technology
equipment - Safety - Part 1:
Generalrequirements

GleMbl (gy5ls Slinss gl (IS Ll
sipeot] Slias als jate o Lol
=036 Gl 5 )5l nl 4 el b (S0 S
@ Bl bl 5o 5o b sl S &S (5,8
Sleds a8l egig

2y Pl a8 b Sy

Industrial, scientific and medical

Clasiian S5 5 ele siinio i

equipment. Radio-frequency
BS EN 55011:2009+A1:2010 | characteristics. disturbance | 5 Lcudgiowe— ggoly il YA
Limits  and methods  of 5ol gl i
measurement SN B

Electromagnetic ~ compatibility

IEC 61000-4-11:2004
+AMD1:2017 CSV

(EMC) - Part 4-11: Testing and
measurement  techniques -
Voltage dips, short interruptions
and voltage variations immunity

tests

slaggeilgeil 5 spSeilul Ll
bljﬁf L;Lbé\.dﬁﬁ

IEC 61204-7
(2016_Extended version)

Low-voltage switch mode power
supplies - Part 7: Safety
requirements

Sl Kiodgw 4 mlo sl sl ol
b DC 5 ey Verr i b AC iy abio

VY




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

o9l Sl 7o 4 aitun AC L 5 DC
AC slaaSuis )3 25350

Safety requirements for power Jies “I"P" 9 g sl ol LIS
electronic converter systems and | Ve++ I byl ob 5Ly a8 @yad S sl

equipment - Part 1: General 1l jolos DC g 10+ L AC &
&y (EMC) Lsuublizeg il (5, 3l <lol 3!
Sl xie sty a8 SMPS slassl
Low—yoltage switch mode POWEr | o 45 DC g Vo++ L AC g Voo
IEC 61204-3:2016 supplies - Part 3: Electromagnetic o ) )
compatibility (EMC) | & @zl w23 AC L 5 DC (slag g5
Jate ol 4 & o8 )50l sl 295 >

IEC 62477-1:2012
+AMD1:2016 CSV

El i ibili Sige)le LIl 4 bgye glacadgie
ectromagnetic ~ compatibility | | p . o
(EMC) - Part 3-2: Limits - Limits | > 20! 65 ol o Sl =0l

IEC 61000-3-2:2014 for harmonic current emissions | LLED (slajlulely —cuul ;6 32 )3 pal VS
(equipment input current < 16 A | . ¢ e Yo s e
per phase) LS 9 oSy

Electromagnetic ~ compatibility

(EMC) - Part 6-3: Generic olass | ol Liwa oSO Ll sl
IEC 61000-6-3:2006 standards - Emission standard for slobamo sl ouablite S ’
residential, commercial and light- S (ao g (5)15 ¢ JgSma

industrial environments
Electromagnetic ~ compatibility

(EMC) - Part 6-1: Generic | —L, Sl b linng yiSIl Cuiguan 3kl

IEC 61000-6-1:2016 standards - Immunity standard for
residential, commercial and light- S Gako g ()5 ¢ F9Sume sl
industrial environments
. Electromagnetic ~ compatibility
IEC 61000-6-4:2006/ (EMC) - Part 6-4: Generic | Sl ly (ousbliseg sl jlil 5t
BS EN 61000-6-4:2007 standards - Emission standard for i
+A1:2011 e

industrial environments
Electromagnetic ~ compatibility
(EMC) - Part 6-2: Generic | S'» (ousblitogySll Cigas  5lailinl
standards - Immunity standard for o slalae
industrial environments

IEC 61000-6-2:2016

(VSD?) piio s puo galyy  =T=)-)

I )ygige cul 170 5 yiaS 3929 nl b lei oo B |) Cartio 5 0lisl 5y50 (S SUl (6531 JS 51 750 dga (S Sl glaygige

S ol pl g el diled dioo oy LVSD I jgig0 (slapiunw plod jl doyy Fo B ¥ IV ciid pusio sla)b b8 b )5 ¢)g750

2L Variable Speed Drives
YA



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

L VFD? ol b juite caspo ol Canitio 3 ol itio y9ige sl (slpr (55] ()90 02 9 polate & abas Mo b Juuusliy
[Va]5g 0 a3l 35 ASD™

kol a8 5l (5l e cpl les o ST 1) (S Sl ygige jolidS g sy oSl )08 K9 Sl S S @ly 0 VSD

So Sl iie Slg5 oo 92133 090d s leie S ]y H5ge 4 (551 (LS gige L5 2y90 5lidS 5 Caspus Sl jslaie 4y g 3,5 o0
w1y sige S ol e ¢gleaS S plin )3 led J5S dcaey S S g (3)5 S dhiwg 4 ) G5)LS omen il
IV-] 0o oo 1) ygige yolitS Jb s puo J 8 & 33 g oles oo

) 45,k gl ) ool 005 281, VSD b ey 3 iy 5 dus
Jsl jgbate 4 ¢ SelSe g5l a4 (S iyl s gl (Sl Sl alwg G s @ dilgie oSl ply S e
23,5 iy ]y S Galisee glgil (ol gl (slapanlSo g lapile 4 <8 >
shal s JS slnl)y e n by (Sole 3l & (Sl 551 s o Canl gt gl S (Sl pls S
An3 e ) Caliseo (glaan] B
beee 55 9 (SlSe 6551 0 (S0l 63l s plate @ 0nd (b (le jad (IS8 S plyie 4 (Sl gl S e

g ol (Ko gl S 8 o S8 00 68,5 IS 4 o Do iy b Sy (0,8

b plul DC 4 AC slaglyy (o (dlauslio (g5 oo oo ollas o IS b S o

Cxiwo 30 99250 DC g AC logslyo (ys s lio (V-A) Jgu

DC Drives (2@ ;9550 0319 4) AC Drives
. FeS SIS w s -
SRSl - e
. Oyl S -
)99 , . odd LUl ygige) Y Gl Copu b gy -
ale s 4) b dgdee Casgw -
(P
(Sl .
polie -
slagls gy (o olo g )l S -
YU 5,Sles L PUSBISEITERIL
) o b v FCI IR b cuslito ds; Sy -
b g polisS glome S8 - b I 28 L 29
Jus sl .
Mol elatul b (gl odly Sl - L DSP & jli YL 3,Skes collB b clagslys o -
ool j?‘lu ] o Lgl.h o.ﬁ)".)).:

22 Variable Frequency Drives
2 Adjustable Speed Drives

AR



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

ossucols) oy 8 5l eolaw o — Jl Ju8 -

25kes S90S g 5L @ S ol
DC L;Lmﬁl)ah@m—d)lng);g -
Lyl 53 odliiuw! 390 B S5509197 9 bawgie Wy glagyl,ys YR
lwgio Wy slaglys slial TR R I
du.\:u Wi °
a8 Sog Sl Jao @
)Py ®
w20 o Jgl (5 90 g 4 el
Power sources
AC source DC source
Most common used (single and Special tVEe of applications
multi phase) (airplanes)
Oy asbe Gusudiws (1-0) JSi
92135 (19051 (g3 il I P R T
(anls b 4 galyd sl ond yme sl Il [+ Y] o [YV] VY] aalpe swyp b
AC gDC lagys og031 slas bl (1-2) Jgus
3850 e 2 g PM (slaygige (sly &S AC gl)> &y by je (glad il
3kl o lows ol olgie ooy

IEC 61800-2:2015

Adjustable speed electrical power | ;8 515 (Slgiuw @ly kel oyl
drive systems - Part 2: General . e L .
requirements - Rating specifications | %% l» & e pw wdali clbiB L (S0l

YQ




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

HgeS 50 D,a8 Ssg Sl

for low voltage adjustable speed a.c.
power drive systems

sy & Jeio BDM & 5l ac slaysige
O il 3 Lac clgshs Y Caiw U b oy b3
0.C cdgskS 1.0 3905 b clajly by 5,0 5+ L
wd)S J5 ) ehleie odlatul (639)9 Canw )3
5 Joo sl )8 55 olatwl 3)50 4150wl
il ) Jgaste (Se S lagyoss 5 Ji

IEC/TR 61800-6:2003

Adjustable speed electrical power
drive systems - Part 6: Guide for
determination of types of load duty

and corresponding current ratings

(SIAS )y 5 Golite (gla 4oy, dylukiwl 1l
bl b (S0l )8 gl Sl sl
2l gladsile okg 4 g (PDS) copwr wilats
gl Wl o pasuio |y (BDM) ol b
cos JB g Jeo slop)l5 3 eolitul 390

o Dyl 5kl ) ibg

IEC/TS 61800-8:2010

Adjustable speed electrical power
drive systems - Part 8: Specification
of voltage on the power interface

Olg by )3 5Wg s (sl p5Y (sla o]y gt
Ol basly 51 yelaie (PDS) &)a8 g3])0 (slapiumms
O Jsl gl ond oolinel (Kol L

<l PDS 590 g Jio oy (S5 5]

IEC 61800-4:2002

Adjustable speed electrical power
drive systems - Part 4: General
requirements - Rating specifications
for a.c. power drive systems above
1000 V a.c. and not exceeding 35 kV

o 3y & AC 3 (elbpiass S bl
g oploly & by J& 4 Je lady,ls
o Jsastie (SoySll adss blog slagly

W2 )5 o5 3 sl

IEC 61800-5-2:2016 RLV

Adjustable speed electrical power
drive systems - Part 5-2: Safety
requirements -Functional

& Sloe— gl clol 3l

oy g 00,8 Sl |y Gleljll yise o)
il g pledl dang g 2kl
bld 5l ecyud gl clapiuaw 4 baye (ol
sekaie A o dlpiudiy 0 Slas eyl llasMe
PDS 295 4y 0 )Ll #8lg ;5 ¢ g jlwzeize g pleal ]

ool b g e slaslS )3 ol Glodl &5 ol

AR




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

HgeS 50 D,a8 Ssg Sl

IEC 61800-3:2017 RLV

Adjustable speed electrical power
drive systems - Part 3: EMC

(EMC) _purbolisog Il (6)l5 5k (slogsiiojls
L g 9399 (b3 & s 5W) slajls L LPDS

AC jige clgekS” YO o b Jao (29)5
0w ol Jseuie PDS .cuwl odds jasuine

requirements and specific test i
methods | ;3 &5 diws SPDS 3l awss o) o)lulisl jl
Slodds Cual (S9Sus g (5l ¢ iz sla e
blog g J85 5 Joo> slod )5 (slil 4 4zl
S S) ali
Electromagnetic compatibility

(EMC) - Part 3-2: Limits - Limits for

IEC 61000-3-12:2011

(EMC) - Part 3-12: Limits - Limits
for harmonic currents produced by
equipment connected to public low-
voltage systems with input current

>16 A and <75 A per phase

IEC 61000-3-2:2014 harmonic ~ current  emissions | el V& 3l a8 ol (63959 by &S Slja
(equipment input current < 16 A per ol 6

phase) e

by codgize bodlaly jd ojluilil ol

83939 Oy &8 Gl 8Ll 4 )5 (Sige)ln

dlﬁjbayjlé)h)é)?nivau)?ni \;L)"’

Electromagnetic compatibility | 2 beeie LAC 0l W5 @) sl

2,8 o 48 oolitwl 390
b 3y b Ao b 53 5SS Juo

s b o i b s b Jis ¥

IEC 61000-2-4:2002

Electromagnetic compatibility
(EMC) - Part 2-4: Environment -
Compatibility levels in industrial
plants for low-frequency conducted

disturbances

o8B e GYMET ey ()85l zolaw

e Obsls )8 )5 ol

BS EN
55011:2009+A1:2010

Industrial, scientific and medical
equipment. Radio-frequency
characteristics. Limits disturbance

and methods of measurement

Glasuio— Sbh 9 oo (o Oliass

d).,fo)'l_\.il d[m

IEC 61800-9-2:2017

Adjustable speed electrical power
drive systems - Part 9-2: Ecodesign
for power drive systems, motor
starters, power electronics and their
driven  applications -  Energy

2 &ipl ysome laasls o)lull !y
~Jo3le Jolis 45733, oo (Byre )18 K9Sl
5 s5ise slajlulel, CDM gyl LalS (gl

24 complete drive modules

Yy




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

HgeS 50 D,a8 Ssg Sl

efficiency indicators for power drive
systems and motor starters

Al e B9y 0 I 4 g0

IEC/TR 61000-5-2: 1997

Electromagnetic compatibility
(EMC) - Part 5: Installation and
mitigation guidelines - Section 2:

Earthing and cabling

s (glb ool s dolitog S 6,18 lus

Industrial Control and Systems:

ICS 7-2006 Adjustable-Speed Drives SD 4 by JAS s i
Industrial Control and Systems: .
Safety Standards for construction | <l wlely 9 Juslo (gl (ool (slad)llil
ICS 7.1-2006 and Guide for Selection, ASD  elais o @ e sl
Installation, and Operation of < I ’
Adjustable-Speed Drive Systems
ASD 4l lagiw lp 305 sloal
ICS 7.2-2015 Application  Guide for AC g BYER TR S
Adjustable Speed Drive Systems AC sl yile
ICS 1-2000 Industrial Control and S_ystems:
General Requirements
dl)é O] Lglmdm)’l,,} 9 IEEE 519 A)IJJ[:;\»l
IEEE Recommended Practice and | < bl o jlate 5l 2 Sgeyla J S
IEEE 519 Requirements for Harmonic Control

in Electric Power Systems

Gl 5y g b «Mupans

AHRI 1210-2011

Performance Rating
of Variable Frequency
Drives

Sly s d)lse Hlal sylubiwl ol 5l Gus
1ol VED (slaglys

() ool S Ll (o dib syl
ol @ldail bl g (642 45 Gl csaiojls

IEC 61800-5-1:2007
+AMD1:2016

Adjustable speed electrical power
drive systems - Part 5-1: Safety
requirements - Electrical, thermal

and energy

i jd Slldl b oalaly o ol )
L {ASD) casyu pubais colils L a8 gyl
(5Pl el oMo 4 dvg
e ly 3kl ol sl (S
V i b las glajly 4 4l Jlas! DC gl
5 P £ L0 Ll Loac clyghs
5 Je 53929 Sy L 8C gl slopins
9y Fe b0 LS s L ool YO Cade
48,5 )5 4 gk YO i b (29,5 slajUyg

5 Sl

YY




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

HgeS 50 D,a8 Ssg Sl

Slagpgs g JB g Je> Slagly 25d 00
WWigas g0l 3 llwl ! Jgeudio (SS SI

IEC 61800-3:2017 RLV

Adjustable speed electrical power
drive systems - Part 3: EMC
requirements and specific test

methods

(EMC) (ousblinog xSUl 5,5k slosaiojls
Sy baioils ()8 gl glagiumw sy
b g 63959 (b3 & ka3 51g) slajldy L LPDS
AC Sgo cdgslS YO i U Juwo (29)5
0w ol Jseuie (PDS cuwl odds asuine
&S wiwn PDS jl awws o o)kl I
Wlodd i FoSums 9 ()b ¢ gixuo sl Jore
Jlog 9 J&5 5 Joo lad )8 (Ll & 4l

IEC 61800-1:1997

Adjustable speed electrical power
drive systems - Part 1: General
requirments - Rating specifications
for low voltage adjustables speed

d.c. power drive systems

Lygige o s JHS s ol s Jels
Sgpss sl Glpiuw Cwl g A
il o Jpmin S5 5 Jon 5 S0
Jnate 91l slapiumes (gly 3lalil ol it
Do lS 15 L AC ool \ i b s 5Ly 4

Db o 0dp 4 paFe L

oy jlailel,  -f)-)

aode  -)-f-1)

SIlel aione g0 & j5ige a8liz 00 D)o 19 o (S Sl S 9 s5ge )3 oyl Sl 4 e y9ige i (gl
bag algd ool by ply Vo B a8 5l (B 53 9 5590 (b Gl Rlp AL S 930 53 (s (s3lally by ©yg0 cpl )3 290
Gy Ubey ez IS o )3 eb e oySols &S 5 Uy elocdl 5l olply 5 03,8 Ly Ll glubely ol llel, 51 eslizl

IV ke iy s a8 53 2429 y5750 (5ll0

Direct on line start (DOL) o
Star-delta start o

Frequency converter e
Softstarter e

ol 0l 03 sl il o ygige (gilulely (sl yogy | (S 4 basye pliS i a8 ABB CS i Colo Sixue obdigel +

2 Softstarter

\AJ




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

HgeS 50 D,a8 Ssg Sl
DOI: 10.30503/nripress.2020.297
Direct on line st Fr :m converter - Softstarter
e Qf"'
g S

2. N
L .

A

25590 3llely ol y o j5 35290 ey sl (1-F) S

@5 j1aloly g0l (g3 luitiaw! R R PR

sl 005 &51)) 5 ilely b dlasly 5 55 celady bl Y 5 ¥ ] Ciliseo xalye sy b
AEC 60947-1 (2007)/EN 60947-1 -

ool odd adlyyy (S oyls 4 Jgl i )3 0wl SWy St 9 SRS el

IEC 60947-4-2 (2011)/EN 60947-4-2 -

P &S s g0y Cunl oad aidlyy (oolbdes lgdl 5l eslatwl b jeige (slaossS J S ¢ bajlailely 4y o )lubiwl 5 jisy ol 4o
ol AC g Voo 5l a8 Canl oss as by ol o bkl oy
UL 508 -
NFPA 70 jlasl & b il 5l cblis Lo ool b gilae 48 canl imio [y @ljaas cly (o0 lnlinl @dly 53 3)lkiul o)
Al e

:C22.2 NO. 14-13 -

b o imuo S Slieod gy oL s kel &G o skl oyl

10lods G SAME Cjao 4y adlailiwl oyl + jo

Softstarter U o 5 jlailely gy ool (B o s lailowl (1-1+) Jguz

IEC 60947-1 (2007) | Low-voltage  switchgear and | £3'9 b kel 3 (IS 0ld 0 o sl Sl iz el >
EN 60947-1 controlgear - Part 1: General rules Gl 0 4313 b 5Wo pS g o J S

Yo



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

HgeS 50 D,a8 Ssg Sl

IEC 60947-4-2 (2011)

Low-voltage  switchgear and
controlgear - Part 4-2: Contactors
and  motor-starters -  AC

—osiS JS g lajlalel 4 3)lulil 5] sk ol
ol bl oalvdes @lgal jl odlitel b Heige sla

EN 60947-4-2 semiconductor motor controllers | o 030> (b )bkl cpl )3 &5 55Uy &5 can!
and starters Lol AC g Veee 5l eS8
UL 508 J)‘.S u])‘.e;u d‘)’. db)bjl.’;w\ 5.519 5 b)l.b'h'.wl Og'l

Industrial control equipment

ol 5l cblis Lo ool b gollas a5 cowl gmio
sl NFPA 70 Lz & |

C22.2 NO. 14-13

Industrial control equipment

Olipod gl UK 5kl G o lsbiwl o)

Al oo a8

(UPS%) 4.6:95 09'3'3 4{.&53 éjl}w -e-y )

Olye @) Coll (il g atels b wgin Wy o LTy (S0l oS (6095 p9b 4 i(oages 2 g (pogad 2 (P @) St
)3 393 (o ol Jo g 5yl LndSid ¢ oHBly bl 53 S oo 4335 Wy Sl 3 2 B0 g g0 g ¥re e
e Glgie 4 iges a8l i 5> M| cel Alg5 o Sl 51 (B

le Slimos Wb (glloly alasd 13 egzea slal > o 4 5y slacdl 4 oo AlgT o S b ygige ; dnie Cliess @

S5 YU uilS 3 ML 5 5Ug slacdl a4y yoxie wilsi e oS () Kgr YT tle 5 usd (slo)sS

el aS (o g ™ (SS9 Sl slanjluslely b WU cpuite s g slogalyd Vo s pd 4085 wolie) )8 oo Sl g @

Hgd e Sgeln Mg el

33,5 oo Saigorln Syl Esly oS sy ols iy, b 10iiS o oo lys 45 b jguill wile Slozble oMy @

9 LSBS L dlayly ;0 )5 51 Sy v 005 o 518 oolatwl 5yg0 )by cutS L e Lo a8 d S 5l glos iuS gy (sl LUPS

A YIS L agalge 50 diliseo GLUPS ool g s )15 (1-11) Jgu

>plS o0 cliblona s S

2l 53 58 3590 bl

ol
s gl

P | i UPS ¢4
W o8

FoeolS i

26 yninterruptible power supply
27 switch-mode power supplies

28 glectronic ballasts

\tg




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297

Sy Double

oyl oledMb| 5S1 I I .
e F Bl conversion

~ &bl b s gl ) (slasgaes

g 4Ses Gty e ol s Lo 5 N Double

s 3yl g oo pdd claasls) conversion
( 9 &w.)..)

(S L LPC ;5 ouis slou! gla 4o . .
9 B9 . Jhods Soml 5 & Interaction with
sl aSd Sl 4l G sl ol ¥ ¥ the distribution

So s (LANWAN) 5.0 system

L5 el olSiy] AaPC -
Sl guals’ , . .
o iy 2 il o \ Y Passive standby
Sy S N
195 ol 5l olbls)|
5l olbls,)l
7 Jisws <PABX 5 5 Double
999 ol conversion
s s
WPLC-
sy | O e
g Double
" IS sl conversion
Sl slbptu—
S5l J 5
Sslogil sl cyuiilo
5 SR M= ¢ R Double
olEylej] (5,2 5+) b ySk conversion
ik owdle
SSSs> sl by
Stodly B2y Ui ble-
i B85 s (gl o> v ¢ Double
Lsimeo (v 5228 alu) conversion
Mg slp edale)S Slppemi-
Slopiums | oguilul) sages sla Gloslo- v ¢ Double
sl (L] Slpsoss conversion

vy




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297
b Jg— Intera}ctign V\_/ith
... . the distribution
2298 Wb 2 ldy)” system
53 slad )l
bl 058 =
O IR PP ¥ ¥ ¥ 5 Y Double
R=LES ’ conversion
(52

sl SYMET 4y 18 ool saimd isles Y dae
ol SYMBT 4 YU Cawlus oximd yioles B dae
UPS (4905 (g3 il SAECEAPY

<l oxelError! Reference source not found. > 5)lubiul gillae Sliass opl lp (Sgoyla (6,55l #glaw

IEC 61000-2-2 / EN 61000-2-2 gl sl b gslhao coasly 5y gboasonis 15 5Ly slbSuigo,bd gy o) b g (1-1Y) Jou

Wy Sige,la Wy Sge,la
Segejle | lye 4 Jly Soge)le | Sigeyls ol¥e 4| ase Soge)ln | Olee
N a0 kol adlse 5l (sauo )y N as,e 3l sdo n adlgo il (sdoyd
kol adlge ko
5 6 3 5 2 2
7 5 9 15 4 1
11 3.5 15 0.3 6 0.5
13 3 21 0.2 8 0.5
17 2
19 15 10 o2
23 15 >21 0.2 12 0'2
25 15 >12 0'2
>25 0.2+0.5x25/n '
THDV<8% a5

Sl 00 0318 L EN 50160 5 lailiw! jo a5 job ylo juexd g5 b @sllao 5Ly soSuigo ;b glp 5, 3w gl (1Y) Jou

Wy Sy Sige)le asye Ve Y e ¥ oM
oA Sy ) g oges glo aSs) | lBaS edgll Ll o)
kol alge 1% (olus | ol ailge 17 (o | ol ddlge 517 (sdos
2 2 2 3
3 3 5 6
4 1 1 15
5 3 6 8

YA




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297
6 0.5 0.5 1
7 3 5 7
8 0.5 0.5 1
9 15 1.5 2.5
10 0.5 0.5 1
11 3 3.5 5
12 0.2 0.2 1
13 3 3 4.5
THDV 5% 8% 10%
ol C).w LY UPS LS‘)J (X W) u_‘?):w dLOaD)IJ.»L.w‘ [\QY] 9 [\Y] c)‘)o Lf*’))‘fl’f
UPS 3031 s ylasbow! (V-VF) Jou
315kl o loss ho! lgie Slows g

IEC 62040-3:2011

Uninterruptible power systems
(UPS) - Part 3: Method of
specifying the performance and

test requirements

ol =38kes 5 gail Sl ps s,
o9k 435 le b oakly ) o)l
XS o3 j9ls AC g

IEC 62040-1:2008 +AMD1:2013

Uninterruptible power systems
(UPS) - Part 1: General and safety
requirements for UPS

o9 4w wlie bl 55 el Lol

)

IEC 62040-2:2016

Uninterruptible power systems
(UPS) - Part 2: Electromagnetic
compatibility (EMC)

requirements

Sy b lizeg xSl )55k Lol
By (93 Ol (S

Uninterruptible power systems

- : i bl - Jeoecun)  slas
IEC 62040.4:2013 (UPS) - Part 4: Environmental | 5 B LRSI I WY *
aspects - Requirements and SIS

reporting

Electromagnetic ~ compatibility

IEC 61000-2-2:2002
+AMD1:2017

(EMC) - Part 2-2: Environment -
Compatibility levels for low-
frequency conducted disturbances
and signalling in public low-

voltage power supply systems

SIS ¢l e 5y ol
Ol Sl 3 (b (Wl5)8 ol
oo ol Sy

IEC 61000-3-2:2014

Electromagnetic ~ compatibility
(EMC) - Part 3-2: Limits - Limits
for harmonic current emissions
(equipment input current < 16 A

per phase)

Saigoyln Hlissl & basye slacydgis
Lol @355 ol & e —cb
—cwl B e gl VGl S
Slg Y0 51 S ol L LED (slajlaslel,

W)l (Sgeylbcdgione dieS gus

IEC TS 61000-3-4:1998

Electromagnetic ~ compatibility
(EMC) - Part 3-4: Limits -
Limitation of emission of
harmonic currents in low-voltage
power supply systems for

SSwgeyla by Ll slacosgioe
sy omb Wy Gly slapiuns
sl V85 5VL ol £ b Sliees

ya




DOI: 10.30503/nripress.2020.297

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

HaiS 0 &yl Ssg xSU

equipment with rated current
greater than 16 A

IEC TS 61000-3-5:2009

Electromagnetic ~ compatibility
(EMC) - Part 3-5: Limits -
Limitation of voltage fluctuations
and flicker in low-voltage power
supply systems for equipment
with rated current greater than 75

A

2 Wy S g clluy codgioe
sy omb Wy Glg et
sl VO 5 YL b 25 b oo

IEC 60950-1:2005
+AMD1:2009+AMD2:2013 CSV

Information technology
equipment - Safety - Part 1:
Generalrequirements

Gld Oliges ael IS bl
Gl shie 4 bl ol
b oSS Sy gl s
S S5l pludl g glul 4 ol
4 bl bl o jaos b cal (Ses
leds 3l 8l egg

g Fee jl yieS (b 5Wy L

IEC 62477-1:2012
+AMD1:2016 CSV

Safety requirements for power
electronic converter systems and
equipment - Part 1: General

a5 g i sl (el Lol

DC cdg1a++ LAC cdg Ve re 1 lay]
Lleis ol

EN 50160:2010+A1:2015

Voltage characteristics of
electricity supplied by public
electricity networks

]a.wy oW 45‘)‘ ‘_5); )U5 Olasuie
P9 By A

IEEE 519

IEEE Recommended Practice and

Requirements  for  Harmonic
Control in  Electric  Power
Systems

o elbgiols 4 IEEE 519 5,k
S e ) Sl S oy

BS EN 50091-2:1996

Specification for uninterruptible
power systems (UPS). EMC
requirements

Osd 45 mlie gy EMC s

4adg

BS 7135-1:1989,
EN 27779:1991,
ISO 7779:1998

Noise emitted by computer and
business equipment. Method of
measurement of airborne noise

5 FoelS I ead bl (dluogyw
9 0 SpSeilul by sl Slsaes
|9mLﬂAw

SPL S lwgnSy o 55l

5 logaSy g B y5,W0 b (5 L]

v

[ T U

Oygo 4 Sl oyl i jelate 4 1y a5 ol 4 gt opl ke o 1o DC & 1, AC Battery Charger L Rectifier
9 jlogussy (g ¢ nto g3 (gly 05,5 o0 )l )8 ealiul 3)50 35 g 5L §HLE sl ptues (ol 0gMey ALS o cole> DC
2 39390 b loosiiS LS 5 bajlosunsy (9 Wy oo, [0V tad 4l WY L5 gygtun 5 sl (bl s 5l (sbaosiis's i

Y‘Q



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

NG TRk S uﬁgl@idql) RS uf).w cSlo (gygim dLm)‘L»M ol 95y &9,y ‘_’j 5 a8 cuol AEGPS

SPUL souiis 5 Lh 1o soliiuwl 990 (5 95 35 (S jlwguusS 59 g by (V-18) Jguo

SPRe - Single Phase Range TPRe - Three Phase Range

24 48 110 24 48 110 125 220
Output Current (A) 25 5 25 2% 25 5 25 5
50 50 50 50 50 %0 50 50
75 75 75 75 75 75 75
100 100 100 100 100 100 100
150 150 150 150 150

200 200 200 200 200

300 300 300 300 300

400 400 400 400 400

500 500 500 500 500

600 600 600 600 400

800 800 800 800 800

1000 1000 1000 1000 1000

O sclesen b 41 5 liosn i DC 4] 4505 AC gl by 5 gl (6150 3o il 0 ke & Yipnnn g 5
W ptamns ! [OY] (PD? 0Or FNICd) 345 s2lg5 o Hlowns o3liaol )90 (£ 5L g5 Cplplis 359 oo wal 3 551y )byl gl 5L5 590 DC
Cad Ao sl (g S oronal )3 oen )9S Sy Lad Cudgazme aSule 5 g i) 5l SV sk (Sl 4 b3 o5 b5 gl Bl

)5 0)L8 253 50 4 (500 55 cnl Sl )8 Abex Sl it cuslio pdinios g Mg g Gl JWSl 5 @i 2k B 5
sl plo g JB 5 Jo> (g W95 (oondy iy 9 5 s
Rectifier/Battery Charger (yg031 (g3 luiliw! AELAR
o] 4 gy ye ol
Gl 0 3355 IEC 62040-1:2008 »,lukuw! b 3 lsbusl o) IEC/EN 62040-1-2 -
: pobolinog I (sl 5,15 o 4 bigy o 3,500
IEC/EN 61000-6-2,-4, IEC/EN 62040-1-2 -

2 Sas & bayyo 3kl

29 |ead-acid battery
%0 nickel-cadmium battery

!


https://webstore.iec.ch/publication/6339

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

IEC/EN 62040-1-2, IEC 60146-1-1:2009 -
IEC 60146-1-1:2009 -
sl glasly Sl Slaseie ol 5 038 c3lbdas (gl Jiso b alasl, )5 IEC 60146-1-1:2009 5l

ol 2,6 4 Rectifier/Battery Charger (gly o (820 (slad lsbiwl [AY 5 VY] zalyo (awyy b

Rectifier/Battery Charger :go31 gl laituw! (1-18) Jgu

3kl e ol e g

Uninterruptible power systems D9 4335 mlie b abaly )3 eyl Lol
IEC 62040-1:2008 +AMD1:2013 | (UPS) - Part 1: General and safety T -

requirements for UPS 428
Semiconductor  converters -
IEC 60146-1-1:2009 General requirements and line | 1, cloljll s — colbdoy slo Jise
commutated converters - Part 1-1: . .
Specification of basic | &5 09sbseS slaJiee b daily > (4]
requirements

Electromagnetic ~ compatibility ) ) )
(EMC) - Part 6-2: Generic Sl blizeg ySl Cigae 5luilkul
standards - Immunity standard for ixio (glbla
industrial environments
. Electromagnetic ~ compatibility ) N .
IEC 61000'6'4'2906/ (EMC) - Part 6-4: Generic | Sl» (ablieg Sl jlizl 5)labil
BS EN 61000-6-4:2007 .
standards - Emission standard for

+A1:2011 . > : ko sl
) industrial environments

IEC 61000-6-2:2016

SFL 5L V-1
D9 g ool b g3l (13)5 5)L5 yobate 4 s ol Sl el asuie jaed cnl pU 1 &S sk len

DS oo yly8 edliwl )90 o)1 51 (S0 bys o Hgee b daoe

5l a)le g3k oS5l sad )8 1 (S
Pl Sa 8 syl Jols w3 gL j)L0 o
A5 (g5l g odlaul )90 laiydle 3 5L L e
S GbcdSaygige 3 L 5 e
STyl gk s o

5365 o 5 il 390 SIS 31 33 5 oo sslite 4 o8 (Sl blog > s 5L A5 @

Yy



DOI: 10.30503/nripress.2020.297

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

CPb oS5, g0l (gladluliow!

HgeS 50 D,a8 Ssg Sl

AV

ol + b (6 5L slaoaiiSi )l (ol el Byme (sladlbisl [VYV] a2y (awyp b

Battery Charger :yg037 gl ,laitw! (1-1Y) Jgu=

3 ikl ol

ol olgis

Sy

IEC 60335-1:2010
+AMD1:2013+AMD2:2016

Household and similar electrical
appliances - Safety - Part 1:General
requirements

pils) eal b bl 53 sluslisl oyl
slad )8 5 (S Shaal (gl (S sl
pile) sl Ll (ol 35Uy a5 ol alio
55 el sl g g YO ) 5USS
hlog plo jo g Mol Joe b
o) By s DC e siejls oS

2,85 oo )8 3 Ikl

IEC 60335-2-29:2016

Household and similar electrical
appliances - Safety - Part 2-29:
Particular requirements for battery

chargers

oniSi )l desl 4 d)lilinl ol o
UKJB oslatwl dl).g LS)"L’ ‘_’S;).Sll
I lagl 298 o alie coop)ls
313y cCann g YO+ 51y 55 L]
slyils (gl b 0\95 ol 045
odnlio Gl YO+ + ot U )l5L 10 09390

31 _Active filter

R PRV
Custom Power &l pps< AN
YoACY Y

Tl gl ik

bl S b el ol ) planss Wi b ph@la pie 5L (g 9 2 (292 dedddS ST A8le gy (slayild OIS
Sy sl o odlainl )08 g xSl lgal 5l as o yilid pl 50 Dgas o ookl ] 10 )08 Kig xSl polie 1S dibe olald

23,5 oo ol il 358 (o SiST ) (Sgele

vy

9 (Olwg) 5Wg S 55 oS Jluo 5 5y mabaic 951y ply S lg slacSige,ln )by slaciige)la (sl silg5 o o ikid oyl




ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

5135 5 YU ol (slngigesSs) HVDC (clomiumes ¢ [OV] pebais 1B s yos 31y5 63,18 53 W Jigo (el 5 3lis y31 ela s 5
JOA] sl 25ls (65 s Ll 33l 038,y )5

JUed gla d y903] glas lsbisl  =Y-3-A-Y-Y
IEEE519 -

A8 Cadbge L 1) 3)lslil (pl b 8ad (Sl (6)sb b layild 5 sl (b > 5 5 slaSise e e paws Jolis 3 lilil ()
IEC 61000 -

) OT 5 owlio o 4 b Jd jild coal b g od ly cilisie Wy polaw 1 aiige)la jbre gdaw 5 5 labil (pl )
Aed o Ui 1) Jleb ild (gl dgnge gl bl

JUed 5l yild (y905T (slas lustiw! (1-1A) Jou

5l oo Lol sie Ol
w35 G L0l gl (b

A3 bl epl 3 (s é g (dad sl

EEE Recommended Practice and 3059 0l slogse S5 cuload 48,5

IEEE 519 Requirements for Harmonic Control = ¢yl 3l 4l de3 g Cawl S piaaun 53 &S
in Electric Power Systems 15 sl 035 ke o sl p3Y ol 5 00

Ol S 290 5 canlie Ol S UL

Cawl 005

Electromagnetic compatibility <4 £5Y b Cadgime bl cpl

(EMC) - Part 3-2: Limits - Limitsfor = . < a0 & ond 2,5 Soaosln L
IEC 61000-3-2:2014 harmonic ~ current  emissions M N d)))) B Sl
(equipment input current < 16 A per Ol s 5 )3 el V5l a8 Gl sl

phase) sl o5

Electromagnetic compatibility

(EMC) - Part 3-4: Limits - W Kooyl cas pi¥ o)lilinl wiw oyl

Limitation of emission of harmonic

currents in  low-voltage power

supply systems for equipment with Dgu oo Jols
rated current greater than 16 A

IEC TS 61000-3-4:1998 1y 56 )5 sl V8 5 i S e (claioly o

Yy



ol (2Eiylojl a0 5z gz aly it W1l 5 sonaglyl ()5 Sl yge e
23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297

(STS) ™ S liaw! DS Jiiho gradgows SY-ALY A

égl}'.wl oS SR e b dglmd SV-V-ALY LY
i gy &S oud 1) Hud i sl Jes Co o 4 Gl oo cul ©)a8 g xSl e jurss S &S STS l eolazwl b
2 Lol g ploul Wl o 58 (SOlKe aalS bwg (K00 jad 4 (608l LA sl Jos ol pbg! 3l a8 4wl ol oy
oyl > Slas )5 dalg dloo] Caw Slgi o pol pl 4S9 o Sl piuww 1D o olisS (sladady danllS oyl dgr LS o &y Oy oyl
b ol 53 931 bl (yraske diz d>3) oS (03l 13 1) yasd JUil Joe (o0 508 g pSUl slaslS” 1 oolisl b 2095 (ol
(sl g (ol Haud) ja8 93 o 0 JSie a8 00 40 a5 Canl S5 LLE 06 b pius )0 (So oS 5Ly il a5 Cunl (Sae oS
LPY] Canl UPS & ¢ STS Colao 1 (S5 oyl 9 2903 dbul |y Gallas bayl i g5 cad < yuo ] 50 @dguis sl

1 Spmd e i 93 42 350 55 390 ol 5 o g 1y (L5 508 4 35 JLd) 505 0 &0 JLl 4 pladl 51 J5 STS
[PADog o Jiio 5,50 1300 & & 1 likize] 35,

amd e b 1y Jglize STS Sy lsluse

| PRIMARY ALTERNATE !
| SOURCE SOURCE |
SWITCH 1 SWITCH 2

R e LA,

normally closed
disconnect fuse

normally closed nomally open
/ disconnect switch / bypass switch > /

mechanical| bypass switch

LOAD| BUS

STS oy90)] sB3 laibis! - V-V-A-Y-Y

ol 00 Cand + )0 5855 oyl stﬂ &y oolaiol 5y50 (gl ylailinl

32 Static Transfer switch (STS)
Yo



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297
STS Iy oolaiuw! 8590 5o slastiw! (1-11) Jous
Semiconductor converters.  p3Y ol Slogsle o)lilial ol )
General requirements and line .5 L, bs onsligeS cla Jiwe ¢l
EN 60146-1-1:2010 commutated converters. Ot B2 0peliped slos ] ”
Specification of basic o 4t STS < (2hb » cwl

IEC TR 60146-1-2:2011

EN 61000-4-3:2006+A2:2010

IEC 62310-1-ed.1.0

requirements

Semiconductor converters -
General requirements and line
commutated converters - Part 1-2:

Application guide

Electromagnetic compatibility
(EMC). Testing and measurement
techniques.  Radiated, radio-
frequency, electromagnetic field

immunity test

Static transfer systems (STS) - Part
1: General and safety requirements

Y5

95 48,8 a5 > logile

P}\j dld'.’.l:‘. QLoa}Lo oyl Qi.l »
OpliseS s Jae (5)bypope sy
STS & Ak o cwl odds ol b

393 58 i 3 Elagle ) 8

CbSaSs 5 cas 4 skl oyl
3 el ca > (oSl (603l
sleghe oy cble
ol 23l st o ) puloliiag Sl
sl Ologile  cdon 4 )il
gloel b basye a5 (S598d) Slspos
cax STS (lapiuse & 3)litl
b Sologl b g twd (g0 S Jlasl
Jie e Az b g 93 jl aibg o0 L g
Jels Db Jlo!
Sl Gl Gl Gl clegile
e L oleMbl LWIEC 62310
5 Slired 9 STS lapiuw Jlail

el 0338 @595 s &)

skl oyl



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297
Oy S pSI1 (5 495 Lo ygdund] 5 B g N

3y s i35 sl AC (slorama Bpmn ol 3 (LFT) 155 o J5 (5,0 5+ L 0+) & palS 31 o Jpase sl sleygindl
opl 5 edlil 0,28 ()] Al (6509ST g lisebl cablB YU LS g lesily ¢l o bbby 5lad 35143 exliul 390 yemwY ol g
s 5l LLFT (o 510058 solanul blie ,3 [WVS] cusls anlgs 5 p3 1y oYL e o] 5,Slas )3 34000 4365 1 g 0392 @y s 13!

5l ol iyl Mo (pl 5l diges A 051368 odes Sl

g Y (39 9 S)j o5l -

ol b5 g Sbyhad o lazmo (sl 45 jgilaginl 5 (129, 4 5l -

A5 dalgs (Sih egmd by dbul cel dont )0 &S g o (BSge e ool el dtws glui] -

Do Jithe (93 S Wy zge S & Gy (sl KB) 98 aile (639)9 S 3 SWy alyB U (ladasuie -

oglessindly Jldl g5 & ater a8l sl 2259 ol Sisele i sy T e Ol Sl -
13 nlgs silejshsl 5 adel )3 sonl A zliEl Gl b g oad e aSud )3 laSige b

& S ol 31y 355 waSlo el 4 g0 (b (5gb i laygile e Slio 5l 3 YU Tns Sl 2l B
Pl ol 5 203 e 3902 33 (o)l (Sibe S o8 s S 3 laygilesindlys a8 b 5 sl 4zl UL

5y i 5 0331 K58 LIE L gil i 5 i 503 5 £ 9 e g sl Hly o pie JLLFT aun -

S5 g @8 S iS5l 51 b ygile ygtnsl 5 gl el oas S WLFT (ol 0550l g SST L ¥ sels el (cla ygilo,ginsl 5
S 4 S B L Sl S SST o8 555 dr g suly S o 3lisal jli 3590 igesVaial 5 365 o el Yo (uilS )8 y5ilo gl
5 S5y sl 5505 AC Wy s 4 AC 5y oo Ko s el cinllog 5l S <8 o391 )8 i 1) S 4Ly s LFT L

PIWASIA 5l cal @)le 3y 3659 LFT & )3 a8 SST s (6blse

y18 S xSl lgal 1 oolawl o 4 YU (sl JpuS cublE -

b et o5San yshas y5ileygenil s ojlusl caSysbo 4y Yl (uilS 3 gileysindd 5 5l oolisal b s o (3 5 ol 22l -
ool 5 )8 LS

olg 8 Lo ps S Jos 8 o s ool 3l O lgie @ Sl 0 AC/DC dibs 15 aasly @)ad caops iy -

b Aled yoyied BB ST e gaoyn Ve inliel el Yoane

33 Solid State Transformer
Y'Y



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

$5eS ilye 4 53U (295 Wy 59y (939)9 YTy SSL 2als g il38l SST )3 DC S 51 sy Jd> 4 -
Sl
ol ple o cblis g las gy plolis -
DC S 038 o929 Ui & (S 82 sl (2955 ol > <l -
e g ol CaBgte oo (5L (53,5 [igels SST )3 39390 ¢)u8 Kig iSUl clgdl 185 .Y S )lhe S &jgumy 3,8 -
A5 dalgd alad )5iloshunil i )18
,» Massachusetts Institute of Technology Lug «salses syl o8 03 jl (o olgie 4 a8 (SST) sols cdls yg5lo gl 5

[\V‘\ 9 \V;] .))L.) d)]o » LS')L) o b ‘) LS“?W Lng)yLo)aﬂm;l)S Ls‘)"' [ C)Jaa Mo J.)‘yL;o Cawl 044 u_B)xA Yele JL.:
DIAN] Caol o o0y lis 5 Jado 0 &S abb o (0320 (slapu] (gl dol> s jg5loygamil 5

SST calizeo s (5,135 ob (V-Y+) Jgu

McMurray Electronic Transformer (1968)
Brooks Solid-State Transformer (SST, 1980)
EPRI Intelligent Universal Transformer (IUT™)
ABB Power Electronics Transformer (PET)
Borojevic Energy Control Center (ECC)
Custom Power <1540 o lw -E-A Y

OlP ColS gola jlagy - )-V-A-F
3 el Syide sy 5 il sl Jiee DC S canl oads S5 (3lse 5 e Jiee 95 Jlail ] 0l oS ol e S
Ol 0 Conas Wy 03,5 gl g 6y il o Gy Jao g dm3 o pbl ]y 08y Gl5 3205 Jos (s5lge Jae Wy 2312
Conl 028 JSt5 S0 b 6w 9 Slge slasl e 93 JLail I plgs oS ol e cnl (SSgerle (silasl iz 03 51098 00 4t 5y
A3 o pll gito (Sisa)le sla Sagl 4 s |y Sy 3,5 gnl e Je g 03l pll ) gilge b kb os (jlge Jare oS
D] s o lis |y 5025 opl (IS sloss o0 Gl camlin )l cutS Sl el &y (b jlas (slad )8 (sly 5ue5 opl

34 - Voltage sag and swell
35 - Circuit Breaker

YA



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

HgeS 50 D,a8 Ssg Sl
DOI: 10.30503/nripress.2020.297
Isa fla
Iald]
Isb_ Vb |
Ibld| R3
Isc Vic _ |l
i Icld| L4 pRa
/'y
lpc_c|lpc]b |[lpc_a
| Cdc |, 12a
Vca a Via hi ¢ vza " 12b
ML ivipd Wt Zvep "L
Vb 1bl“"'\_\nc I Vz:m.
Ve 1c Vde
c1 PWM1 PWM2
= = =~ —~ | mC2
R1) 4R

Oy CadaS Zoler jlunge Lo (1-A) ST
(PFC) 7 o)lg s pod> (gldobd dgugs = V-V -A-F-¥

O & e (sixio (S yidia ) (B K> (B)b 5l 9 038 e Sl (93,5 9 S Gl s Slg5 0o 90551, (g (a8
4 ol Coanl Pl G GBS ) 5 08 e ly Ol cap el gyl 5l it Ll Lo 003 008 55T, (5 e aje
4l > U il obrl caw () cual Ll 2l &Sl 08Ty Gl 5l dse gl G Wl oo )31 ) edlatul s 5k
Do dSud )0 LAl Dbl caw Wlg o (5B puitred g oo Caunl oS )L &S Al 40 a5y d8ls] sloul o lgE o &S 255 0
Mgt g7 o pd dedo Can (93b) slbylie Dgd o plBllaxl Cyso & g ot (gilure G )08 Koo Sl ilgal 51 eali!

LYo ] o lis 1y Hlas cpl 5l diged S o aanl i

Shiar e

Oy 60T Mol law Ky (1-3) JSCis

(SCB) W (Swiliws] g ySilao =V V-A-FLY

oo ol LSeslial b lie Ko cslad 3,5 oo ploxl )28 Kig Sl yolie bauwgt e alad Kol (oS b bnsis o o
5003 2y e 5l GTO s sl jl w cowl JolS colin cdls 3 GTO wls s g0 clls > S5 ol olbao .cowl o

36 power factor corrector
87 Static Circuit Breaker

ya



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

025 d9ae S 9o glad jgitan 5 by yhuo 1 5SSl s g 09500 480 by oS 39ae il g s9tan 5 B0k Sl Gl e

q.‘__ - 4.4_
Thyristors

-

2

SCB ;| g95 Gl (V-10) Sl

(DStatCom) %8 &3 505 immms (Suiline] jlwil =11 -A-F-¥

L OT C;slx’u” .J.lfu.o Jo.c d)’lyo ).L.usl).? S S5 wisbe @ S ‘_'),{l SR e uL*‘ 1) FS31Y u.i»)l.wl )‘LJ),.} S5 d)l..\a Sl <o
2595 s ) b5 oy 4§wl>o| 5l ogus oo oalaiw] (6095 4y 395 b ogeld LB slanllS ‘j 2D &S ol OT 2 Gogim 5 sladiges
[Y'\] A UT ‘_5]); WLA )lMAAJ u.)[m@)f MOSFET 9 IGBT 09 dlm,&lf l..\J c.))SL;a )|)5 odlatl .))99

T
/\ 4 "opee v, B
J\ "
u "
Utili.ty ‘L‘wd
voltage

D-STATCOM

D-STATCOM I IS o3l (0-11) JSoi

38 Distribution StatCom



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

FACTS wlgl  -3-)-)

5 oS g3 o s s ol s 4 4 ol i 5, e, 5,1 izl sl LotS 1 gl o
CobslB L US\:)SJ] ‘5}’);’] Zo &y (X3l Canldild uwl)sl Jsl P ST CRTLLY SHRVRIPE 8 LY sobaile J.tb|9'> BBgis yyde énl?
Cooldzsld iol38l 50 YU ol cuaS g Ll

izl lor s yrples g o3z | i S8 JS 5 o355 gt S5 28 s e oSS 5 43 GBI b
P5d ok ddx Gl lsis 4 Wl Saige 5 Skl gau S glys @ e blad obnl b 4 3920 lagtes ) aie
sly ) @YU Glirebl bl g cuslie Gl CodeS W5 oo 9 00 (6 5l JUiisl QU 2ol caws (izred Al @95 9 JUS! (slapnns
o G5 5 G GBS 5 e 25 2350 Sl 4B ) AC (sl J o3izal csol 3y gl )l bl 5 s
D] ed5 snlgs 515 o) 3)90 S8 @ aaldl 3 &5 K55 o0 )8 (Blisee slasanaiod ) Sliwes ool 0 5 (ST5l5SS & dy

(SVO) " 9u5 1, olg5 S liw! 3Ll UL

LSS 50 SVC a5 o Joe YU )lg5 (ol ysinn 5 (65505iST wlalys &S ol dols s STy lg5 0aiS” s 50 S SVC
2 3We ibaS s Cpiome 2394 wiaew Gl el Caw g amd (iul381 ) st JW&5 Gl Wlgh o @Sl > cunlio (galads wix

By 50 08T yler Sllws g Wb dguy g8 o 55 pitmn (Swolnd (g)lul ¢ Byl 5 0gd o aSd iz slacdls > Cowlio paw

yed y Olgie SVC (gl |y o5 sblze S psbo 42255
Cund i ) Wy 1ibaSS culi 5 (g5lw,lal
Jesl wlab ials
L bgbd (gl 5l Bls b g el car olys JUsl el il
ol J&s! olub cusgize il
S8 lslizé] 3ll e ol
W sy 5 soluly goimy il
Ol Sblog gjlol e
Wy llwg 5 S8 ials

9 Cawlodgs JEs! glapiuw o 5 (SO S ywgd slaoysS SUld (g5ludl s Can VAV amd bawlgl (0 Sliess cpl l ealatwl gl

55l A5,ke SVC wlipas glsil

39 Static Var Compensator
¥)



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

09051 s lusliw!  -Y-1-4-0-)
ol 0ad Cand + 53 b jlusbisl 51 glaoMs

SVC 9037 s ylasibiowl (1-TY) Jsos

3,15kl 0 lass ho! lgis Glows g
Oeed 5 Shue clacws 5l
8es i)l Glp ) olaylae
223 o &)l SVC glapips (asuie
Sl Mg s lady )k

IEEE Guide for Static Var .

- . a8 Ll GT 5l &5 Sless
IEEE1303-2011 Compensator Field Tests " 0 ST e
ol 2y 8 4 STATCOM wile
scws g Gl lacuws o)kl
SVC 525 s jl G |y g3l
5 o3l Glys g 9dee Jold )
5 oSy gl b
b uS o SaS ouilled ay 3jlubiwl oyl
&S SVC S (8 slagsaiojls so)b
poye Sygiuny S5edesS I ol
ol lod Ty oMbl g5 o ool
sy olsbil ol slagise
5 STATCOM 1ile 500 slady)lS
IEEE Guide for the Functional ’]9_ ol olse ol el sl
IEEE 1031 Specification of Transmission =« saiS s Gl 5 (gygim )
Static Var Compensators ..« Dol b g 138 (glasiloygin]
(o) SIS 9 HeVenl (oS e
by 9 36y 5ol sbagileygdil 5
¢ SVCkisle  sbedluy;
90 slaygSly 9 ol (3,8 oo
ol 5l 5 o3zl

Static var compensators (SVC) - 9 Jypaze @y glacus )lulul ol

IEC 61954 ; :
Testing of thyristor valves IS 4, ¢ 910 5 claglg (sl |y (s L

¥y



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

L'),{‘ VS g &1, SVC o5l dl)’?l
) SS9y slassly ol okl
ol (056 aw) b > g (o518
Fire prevention measures on

converters for high-voltage direct ; c,Ssl> cas L 3,90 sloinlesl

current (HVDC) systems, static . . s o Ol | ciaw il
var compensators (SVC) and 7 SR O

flexible AC transmission systems Colosds LSVC
(FACTS) and their valve halls

IEC TR 62757:2015

STATCOM ¥ S liw! 3Ll yu YA

S Sl WS oo o3l . 5 IGCT GTO AGBT yulas (0395 (gualineS” (sl j1 45 Wy g sledion 595 gl b
Gl & (VSC) 5y asio sloise 5| (55055 ol 5 Slotel 3939 4 STATCOM wile 4 63,Shae baslyid Sgmc yslito 4
bl il 9 g0 03atl (5395 (igamsligeS b st 3 3l ] 53 4 SVC by ulie )5 [AD] 395 g0 03litsl > i slo e
395 sk dlo e (G5lgisSS cl 0jgpel )ls canlie (Seoliss gl 9 Vb (I8 (sl Sllanil scanslio 5Wy Jidg s o8 (S03d 2> 092
Jyaxe cpl (5w &yse 4 Toshiba g Mitsubishi ABB AALSTOM « yuiay 5 « S Sl Jlyis wiile (o0l sbaeS i g uiS o0 (b
An3 o polaidl 3 4y |y Glaios yixe e gl (il 5l et o (saatutio Se g At Pk 4T (e WiS o a0 1,
9IGBT 51 (o slo s 3l odlizl siz 2 3 0 o3lisiol (6,8 S pg0 4 GTO & jazme sloJiwe 31 Vb olsF (sl 3 Ygome
(S5 3 olizl 39 cn o3lizl o5 5 s Sl gy 53 oo 5 ol 1 el Ul sl G2l Jlo 53 VU Sl s 3 55 1GCT
25 om0 Vgasa Yl (55 @) 0 4y 153
STATCOM 5 osliiw! 5,90 (g5, luilia]  -V-1-4-Y-)

STATCOM U ki yo (sl sluilaw! 31 laods (1-YY) Jgus

o piY laduogs 5)lall pl 5o

IEEE  Guide for Control “¥9= &l il 58 lese

Architecture  for High Power | )50 lgl&e V 5l jiin ol b oyad

Electronics (1 MW and Greater) "
. . Sl JGsl ; (PN (4
Used in  Electric  Power % J5s @39 slamius )3 p)

Transmission and Distribution = ©ljeos Joli b gyl cpl .l oa
SYSIeMS 1 Js clagiums FACTS HVDC

IEEE 1676-2010

RS 9 o.xSl); ..\.Jy 9 )L.»D)o.)

40 - Static compensator (STATCOM)
¥y



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

Guide  for the  Functional
Specifications for Transmission
Static Synchronous Compensator

(STATCOM) Systems

P1052 IEEE

IEEE Guide for the Functional
Specification of Medium Voltage
(1 kV - 35 kV) Electronic Shunt
Devices for Dynamic Voltage

Compensation

IEEE 1623-2004

Voltage sourced converter (VSC)
valves for static synchronous
compensator (STATCOM) -

Electrical testing

IEC 62927:2017

¥y

HgeS 50 D,a8 Ssg Sl

Car al els ClMbI Lial, gyl
1)) STATCOM 5,Slos 5 (cl3,m0 580
5,8es 3|kl Cphdad o
Gl 09> @o)lse STATCOM
Sl My s 5 S5 550, ol
5 cblis (Lol linl 138 5 Swly
dej cnl 3 Jod 390 glacus 9 8

Aad e b 1)

Sy zals 5 I sleialy 4 o lulinl ol
Cygo & & (558 Sg sl Slies
h olelegel 5 (tals (il jlge
Syluliwl pl Dibp e im0 plxl
Wy &5 » & Cwl Slies Jolis
N8 g oS XD BVl iy bagie
Al o Olipad ol Deds o Wl pS oo
Joeo b g Slogussy gl 5l as)be S
s9loygansl s 9 (55l 03D sues DC
oS gy

L liges a0 by djlubul ol
» ol 350 (6355 (ygligeS
8 Gy ae s
glgl L o » .l STATCOM
Ole Sl ol Wy cus g (S sl
ol o (gld Cond cdiaw oyl ) Canwl 0
o sord Bl b Sligas & by
dags plo 5l oolaiwl Cygo jd 5 Cunl
929 5l S g 0didg ) o &S (olb)lne
ol 048" s 3yl



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

FACTS &l5m55 plw YA
(TCSR) ™ (6 ygumns 3 (8 85 J 8 (g ypww ygiST, =V-)-4-7-)

4 2l o (1 sargly U8 208 o B gt 5 ol J S il S L (silge g0 4y 88 (g0 il S Sl S ]
2 g0 JyES ) asgazme il (uilagel Gl col U550 WA B R eyl 51 25 (augly s L 0,8 plol staogyy &5
ey dsgare «Dygo ol )3 5 wlee 3 gad Oygo & (gt soad S8 eyl aepa WA Ll 5T syl Sl
Ol L 09 oo oolatul )l dgng as b > 0,8 dgazte yelaie 4y YU uiligel 4 jlo aS” lad S o cdls playla 1y el uslal
sl (g0 il g ()50 (5008 J3S il uiligal (05 (ilge 51 &S A game (ilagel pliee a2 )> e ap de o VA- Sl 5T (sl

{20] 598 g0 diaS dcgocme (il jgiST) e can > Ae gyl > 5 aidly ralS

(TSSR) 7 (g ygiumns 55 (F30ulS’ JoB (g y951,  =Y-)-8-¥-Y
b g (ol colim) ayd qe el 93 55 s Wl o 35T (caugly s ol 0 4 gl ol b el TCSR aile 0 ol (6o jb Lo
D950 Sonl puilial (i a3 VA syglj e 3 g uiliel o 38 23 A gl e 30,515 (el gad) > VA
Iy ol Oi poskw (JyiS s « TCSR lg"'j Oalas s )50 Gyl a4l (glaly Cyao 4 5o (ol 5D 0l 0y il il s
[AV] )3 315 3¢9 ilisee (slaal 4y olitwd Kl TSSR wix s )3 b el Koo )] (ol o p3 VA= b g e (oagly cdls g0 g
asl 0l (5135 (S Sl g (g0)55 oy 1 (0,8 d9dme )3 G ol 5l o2,

[VAL(TCSC) 7 (g9 5 (5o J 538 (g 318 -V-V-8-T-T
xS Caz ;88 S ) Vgoms sl o S5 el 03 (5lg0 (6t (008 S5 il S L oS (g0 0135 S 3l 5028 0l
ste 4y a0 U T saygly les e a2 )0 VA B A Sl il e ST syl e ee ealil o )6 g9 SW SISl ]
i 4350 VAo 5T cangly 50 a8 cadls pd cpl b e alS dsgemme S5 Luilisel s opl (3 g 03g) Hgtan 5 JelS colan
Sydie Jols G el

(TSSC) ™™ (g5t 33 (35 BB (gm0 56 -)-)-4-7-F
ol b ygian 5 (gl o3 VA= b g Qe 25T caigls 95 L5 TSSC 3 e cglis ol b wansl TCSC a0 aisle 5455 oyl (6o jlislo

5500 Sl 4l )l e 5l ol a0 YA+ caugly )3 93,5 o 4l)8 Jle 13 JolS job 4y cales anyd Ae 35T cagl; ,d el ply

Sodlw agl; 93 s ©besl el Juds 4 TCSC & s pitwn () (IS 53l ol Jhastiwl B i opl 51 uiligel 93 s
Jao] cwl

41 Thyristor controlled series reactor
42 Thyristor switched series reactor

4 Thyristor controlled series capacitor
4 Thyristor switched series capacitor

Yo



gl alalesl aSih s Cuz b sleiiy A1) g sauca gyl (5 15 sloj9me (s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

(DS1) Pouns g2395 gy uilimel  =V-Y-8-¥-0

bl oms oy Jsl Gl 1 Slgice s ol iles JyuS s il o5 U 1) 90581 0l 5357 lg5 00 00D @595 (5 il
3 g |y a4 5ySlae )by J)8 098 bl 5l g aS 5l 3 a8 ad 4y cCanl gygy 5l ddlSl L &S

ik Sl Sy 9 0l sge G5l it Ol B 35800 G ) 358 (ol Cd )l 5l S (o)l o (s 556 siludlyn
5 015 L bl S5t i 5ot b Sl 53 30 35 395 ol o (8IS el ezid gy 6L 5 ke 3
Ol @i o b o JU o)l 33 (bl Sl a8 g5l a5 s 4 355 00 )18 (50 se 390 353 (U Gl ) e o las

A o i |y Guilagel

DSI Modules

W

b Jsb 53 (5 e oilisel @395 (0-1Y) S

(SSSC) ¥ Suilbian! cygySinn (£ g 0S gl  =1-Y-4-¥-F

S5 Silge slaosiS lie )3 (5)pim i SalS sle 4 (355 (9mmbigeS b oS’ jl odlitul abavly 4 STATCOM &' jglailon
4 ol 018 bl (6w (sloosiS Gl )3 (g SIS Gl 4 (55 (yamlineS b slaslS | ekl | 55 S3C ol 48,5
)8 ol 3,50 las yolo &y g Jitis g0 4y 55l il e Dl & g Sl Sl b 95 35 ool S0 ke
551y 5351 ol lgise ol DC Sid )3 jlasopd 1 o3lisl b sl 41,8 )5 o3litol 3,58 UPFC g 5130 3 o 5 ol a8 5

LYool dole

o)l 093y w3 M) g ais Kl 1Y g 0l oS Jlade Juol uilSy8 1o & o yuilSy8 plad (o 5o ol duasuine doxie
e o UL“"‘ ‘)Mcﬁ‘ LS)IM d‘.«.ﬁ . .[\~\]c;w| W c_i..nl.u.) Lgl)b)‘,,ggd(ﬁl Do o ool sy y dl.m.,,lf )'l 4\5\51901

4 Distributed Series Impedance
46 Static Synchronous Series Compensator

\rd



ool @@%L‘}T Ao S g al i dll 5 Gancadgl (5,5 slaygme (S

23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297
S§SSC
Z  Ms2 § be
m @ q, Qq
P Yt
2 il A
T2=
1 X I o 1 L] ) S
v, ¢ T nve vy V, A
V1 ‘IE '
g, b2

le,
voc ':-L n %"é

vsi]  me2

63Ul oz gz SSSC s L 31 sslicw! (1-1¥) JSCi

S5’

(DSSC) Wouss as595 (Swiliww! (g puwr 8055 (ylpar = V-V-4-F-V

Olisebl CulilB 5ol38l g (sl ]S Gliel cel oS 505 o 1,8 DFACTS | g oids mj95 FACTS lijgas (sdiwd pd jubzs oyl
015 (30l jlae ¢ J 58 ot cags S5 j5ilejsinil S ol Sl E5 LB S el ) JSite & ) sl sled o
9 Cuwl 496 g loie 4 Janl ke oola IS5 cpl jd odd 03ld (L jgileygtul i jo aed o L Ty sl Sl pbre i ¢ oyled

omb ol &5 L IGBT (sbasls 5l ol )3 (g 4ok 4 980 (mmmen ) 5 0wl Gl soe cum o YL slayes ol
3,5 odlawl

47 Distributed static series compensation
¥v



gl alalesl aSih s Cuz b sleiiy A1) g sauca gyl (5 15 sloj9me (s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

Single - Turn

transformer

[Communication

Module

I)(,'('A;pm'imr
DSSC Jojle s (60 glois (1-VF) JSCis

(BTB StatCom) cuiy & Cudy (Sl jluilps  =Y-1-8-F-A

BTB & «unl osd odly oyl S5 oyl j0 a5 jelaslos waimd o i cudyy |y jueod opl Jolro jlde 5 (gylde (sloids o g -+
Aol (a8 93 s da & b gy WSl gl sl ) ol ol S s S yiie DC b 43 &S 55501 93 I STATCOM
A plsl 5 1y Wy JpuS Jitewe psb 4 plgi e caly laies 9551 g SRS L gy000 ) 4 ciliie (la S5 L 4l 93 L

YY)
Busi » o Bus |
I_/I\JA} vsci o vscz u.,d_|
1 I f
T
<l
Ex

48 Back to Back STATCOM

YA



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

Jolzs o 0 ¢ oy S HLis b - BTB STATCOM sl (1-18) JSob

(IPFC) Bbghs o oylg (pidy 0aiiS Jpus  -)-)-9-r-4
‘51@")]93’ J),.S 5 ©db; )..;L )'L»OI).:? 011 ol 005 oS5 i J)M DC 5O 4 Sy )‘L»J).g 99 )‘1 JBI» odS J)NS o,{\
FACTS wlgl (Sobuol (gbojluilps 10 s 5 (o) K0) jlis b 95 a8l dewss UPFC ol yois &y 0 opl LS dlou] Wlgh o 0357, 4 55Tl
Q&S Wud (650 dw gl Jie da Juw 1 S e (JSS cpl 50 a8l (S5 LLE s e LS 1) i opl 5SS Al 8L aiius

688 5 08Ty g 58T slale KI5 S s g 00 A8 Syt DCS Sl g wilad (S 5148 Jlooran bglad 13 (6w &jgo
Al )lisy SSSC S lgie &y wiilgs o b Jiuo 1 S5y Mg o A8

bl galawly 4 yol ol &5 48 (o a3 Jilue 5 plojod ©pgo @ bghas )3 1) 081y g 98T laglys )8 S Sl s )
OlF Olgiee Cabl cpl ) oslatal b sl 551, 5 081 plgs S5 S 5w Cope 4 SWy 32y Ca Sl 4 jeeme bt
S 3y o3 Sl 4SSl Sl ol plorl i s 3 1y S g e g ols JUal S oslas 4y jlyy bgas 1) 55T, 5 0]

DVFT0)8 ol (Seoliad SYMST e 33 1y ol 53,8 doss Sy (ljdl g 5Wg (20187l )5 1y bglas s o ! onl 8

HV 1

Hv 2 L H

HV n

Optical links

Control.

IPFC s (s low ,Lisle (1-15) Jsui

UPFC) %" olgi yidey da LSy auiSJ g8 -V -1-4-Y-1
Ol oY A%

i ool S o ol s S50 21 1y 30 5 0 Sl Sl oS ol FACTS lisgers o 5y §) (S 325 0o
o 0313 s S5 ol 3 45 galen w3 oo i | 52455 cpl 6e cslosbe )0 oS jie yobo 4 |, SSSCy STATCOM (slaciuls
S B9 g0 J5S Jie Gjgeo & g At S o DC S )5 o Cuslond St (glge 9 (s Jare 90 51 UPFC S e
ate a5 3)90 (b 4 (Silge ©yg0 s 5leyganil 5 Bk Sl (Slge Jwe S o0 wal ) |y Jdtes (G130 9 6w ilaslp lSSel Jine
3 290 g slge Jiwe ileige 32055 |y S5 390 SWg ccund 4B 518 (s p ©pg0 4 &S (ke il Byl Sl (5w JAe g 00
ks BoP b 1) 5551, Bl it ©y90 4 Slge ol g ogMe g 359l ol p s 305k 3l 5 1, DC S SH conts

N-2]

49 Interline Power Flow Controller
50 Unified Power Flow Controller

¥



ol (2Eiylojl a0 5z gz aly it W1l 5 sonaglyl ()5 Sl yge e
23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297

Gy Jiso 4 DC St oo §l 5 kb by (glge i bags (sysee 951 ol J) st s Ky o 5 UPFC 18,8 ,15 L
3o 1y g ge 033l JUl (gilge Jho & gy S Goybo I g5 &7 (Al (g8 0 g 298 0 (32)5 b3 4 Jhe (pl bawg g 00l JiLe
[Ve5] 3905 JymS 1y o & seome ks 5l (sygee 90551, 9 98Tl (lpon 5 ol cslio S LS s

UPFC
; Ms2 @«
ml—/ @ Pe, Qr
Vda T ﬂ
@“I—’TW - LI ——
s, - '-\—-I-—' 000 \—I—(:)
LIRSS = , T2 o LIRS |
Ve * [T E1] v INV2 _ V2 Va Ve

eee. T1 1 .l|2

NV . | esz2
yin ; ES2
E, DY mss w292 q- Ea
g”g 1-¢ I* vpe +I 1-¢ L é"é
Invs | T= 727 T [invs
MC1_ qlvsi MS4ysa 7T Wz .

[Centrofierdi===={Controlier]

UPFC g ¢l jLisblo (1-1Y) JSi

(TCPSTO) ®' 5 yg5uums i J S B ;U JSlowsls 59500 g0l i =V-1-4-F-1)

9 3)5@ )I)'9 Jb‘"" j"}“"’ L Eyw Qg & (BT) "'\"‘1)BI )9’L°)9'Q"“"I)" L5“"‘J9‘ T B 0 uL*" ‘) )‘Jé?u u" L5)|'\‘° LSL“" *
gl e iales oo o)l Jlail sbul G55 il jgiuil S e 93 2 el ald 1 W Jlail ] gl (e
[VoV]rg o Juato ET (sadsl guommw 4 ol (635 30 Coomd g 0 oanns Condd 93 4 BT gilo ygiunil 5

ol Gl oo L5 il 581 plgs J ST g oalital 3)90 iz byt L slaygileyginily (niKole plgie 4 Wl e e )
Y A] ol 5L @8 Sg Sl (gy5L8 1 oaliiw] cala) 4y Lagiiaw

51 Thyristor Controlled Phase Shifting Transformer



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

_J

Thyristor
Voltage

Regulatin

Circust

L

tr

S @

Thyristor
Voltage

Regulating,

Crircuat

3]
5

[T
u

Sc @

Elc

TCPSTO < 6l ,Lsle (1-VA) J5Cis

[9+9)+4] (SPS) ¥ Ssliao! 51 Slomle -V-1-3-¥-) ¥

e 4 500 g5l sl Byl 5151 dw 5o (S ol 50 ccaslodds ooy Gl oy Sl 5B Slouls (gylhe goole slous
Rl s ol 9o 03 s aSud 4 0ablBl Hgileyghndl i Sy sk I cuwlie Joas I m g 298 e 02l )05 Sy Sl
L5 2550 @al8 1) (s )38 )5S e asbio S8 i i e 5 Sl urblite claadS L B Srle slaysileyghl sl olie
63Skae Gilisea (slaclo > S LB 56 g diald b (55g 1 ol 120 &8 3905 om 418 (s5005 4 " 5 Sols” Mol &S el S

ol 035 0313 5 + > Uyl gl 5] diged o 4 305 3539 a6 () 5] (oblisee (ol gz S 5 Ul ples sl

Converter

SPS oolw g lue jLsle (V-14) S

52 Static phase shifter
AR}



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

v
Vo %
r—
T
BT
ET
{a)
v +V
q a

v,
S
=l
() ©

SPS 5l aiges &G (1-F+) S

(DFC) ¥ oy Spoliys oS J ji8 -1 -1-94-F- ¥

ol dgdge o3l lis &S jehailen Ll 8,3 )1)8 Jlasl b SO g i clapeb o 48T wad e plis 1) DFC &G (gylae slos -
Caslodd JSts  SlSe soXigdgigw syl g TSSR TSSC wtisl3él gl ysausl i b du Soy56 y5ila)gindlp 3l 550

2 il g )b Lol g8y can wlgi e 9 Badee le 3yl TSSR L 5 TSSC wasl jli )90 g oy &5 o s ol

DY IW] 9, ) & s g IS 5 Sl Ll

Boosting
Transformer |

A ‘

TssC TSSR

— U

— 3 3

Three-phase Excitation
Transformer

Mechanically switched
capacitor

DFC jl digos S (V-YY) S

%3 Dynamic flow controller
ay



ol (2Eiylojl a0 5z gz aly it W1l 5 sonaglyl ()5 Sl yge e
23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297

(DPFC) *Eosi a599 lgh iy (508 J,ui8 -1-1-4-¥-) ¥

ol s ler 0,8 o 1,8 (DFACTS)FACTS (g0 mjg8 Ol (geiawd 53 g Casl FACTS lipos o5 JolS 51 (S5 50 ol
CJJSd Ja.c STATCOM 4lis &S d)’l}b )5)5;4.1 :_i., )‘1 RO og.] 3D Db g0 o3l> uLW JSw L'),{‘ 2 as )9514,@ B uLW l) NS
b Jsb )3 oddm i@ ©yge & w0 sl WS o Wl ) 9551 Gy )5 9 Wy U8 saiibg (5lge gl Cnl cal o0 ool
UPFC L jld b (pl colas .39 so 00litul guan (sl yilid 5 ld (S0 (83l 10 pioman Ldimd oo plol |y (gm0 (g5l 5 5 4285 1,8
S 0 opl s cunl S e lmdi DC S g aid )5 )8 moime Cijgo 4 (55l50 g (5w jludlw (gac 900 UPFC j5 oS canl oyl o
29 il pl Wlas 5 5118 150 DC S b o @595 Cygo 4 5 (Silg0 jhoylpn 5l Jfue (6 p slojluslp cjapads cpl )0 oS ol

TNV 39 0 s bzl €kl (1381 a0

A A I transmission line A A
w —_———

AC AC| _ _— I\NAC
C DC DC DC high
IPRGT L T
C series converters filter
shunt l

converter

DPFC 3 &iges s (-¥Y) Jsoio

AT T N
[V ZE) VPN UL PR ) AEAR B SN

2ol Jlasl Gysee il JialS b g 59,5 Bk 30 Wlgh oo ccamlio Suolisd g 0L Cepuo Jud &y )18 39 Sl clgal 51 ool
bl Joo glisS 4 1l 5028 ol ol a5 S jglate cpay s b jledgasee Sl ookl (gosl led S8 )08 slaptine
45 il 5 395 o 3y o 4y i Sl €l 53 5 3385 8 i 1y 5 35S s (o0l 3,Shae o 3 05
Ol 3 w3 oo (LS 1y ke ol Sl 9 S e )13 3929 s gl sl (e (slaylis b les dgusme | oligS” JLail (b2 g 138!
S ) i 53 0B oS Jlas! plSim 13 .05 15 o )1)8 0bgS” Jlall Cjgo 4 g 03,5 o (s0le cdls )3 08 Sig STl laalls (S

D] $ad o0 2900 5 03,8 jaue S5 50 0 00> L dlw b g soglie uiligel I b ya g 00,8 ad |y 293 culan

5 Distributed Power Flow Controller
%5 Fault current limiter (FCL)

oy



gl alalesl aSih s Cuz b sleiiy A1) g sauca gyl (5 15 sloj9me (s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

iX_ or R

3
1 r

Varistor

_,SE,__
™9
Ll

du

ac

system

system

s o ,> jlusgase (1-YV) Jsi

(TCVR Y g ygiumns 5 (g0 J 58 5Wg (608 puliis -V-1-4-¥-1 7

b sgleyginsly bawgi AC ord JpuS 5Wy G sbml sl jras nl 298 S8 diwgn ©jge 4 JUly U cwl b aladp)l8 )
02y i IS ol g3 &S jelailod aad o L 1y Sliess 5l egr cpl Al (gylde (gladd ¢ gy 0 SIS A jotun i 5 caliSte gla s
5l 56y Jy5 (sl 1y 5 390 5 35 g b lgion { Jog b 5 el o ) s5ien s 5 sl JSS b 3 el 0

INV] 550

ac source

TCVR (g lse jsle (1-YF) S

(TCVL Y g gt 55 (g0 J 58 55 (g0ukiS dguomo -V-1-4-F-1Y

i dyse (ile o Rl s 1B Sl osliul .l Hilolinl dicle ¢ g Il el coa bl Gliees I ool
5 )5 55 3y5m ) csla Sl 13 39 ) e ungi (la S il 30 4258 53 a0 Sl
3255 ()l slode ules ange |y ol 5,Sles U sy jaos cpl @ |y olbeal olgi o )08 g Sl @l jupos 5l ookl b ol
aSoloj )0 g a3 S )48 alad s > (g)gtu i A5 coole s ) sl o odly lis S5 ol jo &S jelailen s o ylis |y TCVL

% Thyristor Controlled Voltage regulator
5" Thyristor Controlled Voltage Limiter

ay



DOI: 10.30503/nripress.2020.297

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

MOV
Arrester

HgeS 50 D,a8 Ssg Sl

TCVL (sl jtisbe (1-Y8) S

(TCBR ) ™ (g ygiumns 55 (05 J 558 (30,5 Cunglite =V-1-9-T-V A

& Jate YU ol b Cuglie Sl juamd (pl el oddosld lis S5 opl jo a8 jelailen amd o lis 1) TCBR & (gjlse (sloids +

oly JUsl plia cpl )3 &5 ol Jlail pin 13 555155 959 Olg5 e Ca e cnl Sl sl 0 JiSUES (ogSae (S5lge gt 5 93
Bl g (9K g ilulyme b g (bl dbl plia 13 Glgiee jureS ol Sl izmad 2900 olitl Gl oo Adlgod by lSeel
503,5 Colia by ygius 3 5L pin 1 Lol cdimd o5 plosl culia W ygius 5 gole s )0 550 () 40 505 odldiw] (glanl o Sllws

W] 5,5 oo 58 Hle pd Canglio

-P

%8 Thyristor Controlled Braking Resistor

-

U

AlD

micro -
computer

DA

IATA)

TCBR S5 5l slois (-Y5) JS



gl alalesl aSih s Cuz b sleiiy A1) g sauca gyl (5 15 sloj9me (s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

HVDC “Wb,w,bmmdlgﬁ d&w NV

uJS uﬁ)"'“ 0 T I R |
sl JLasl b g cawd )95 gblie ¢ Ysb (sloalols )3 b e b ol Jl sl & Conl 4Bty 5 Jb 555955 S HVDC
21y 003 W AC Syl gy wlgis 4 G3g Lo (65elsiST sgmian 5 (b slals 3 oloine usl 0ad b Cilise
2 Oladss VA gamd blgl o auled bas AC Uy 4 DC lad (S5 Ciaww 53 G 503y Jas DC 5 & 008 g5 (galads
b bl ()l &g 4 HVDC S (gl g ol aoxs a5 sl ASEA 835 (ppine bawgs o8 loge (w98 (559195 (sine
Fodn g i b 5 SeMSHVDC lgie 4 ol gie glaise s HVDC s )3 g 5 jl ool gyt 5 slosdlS” (il

VT ams e oLt ]y (5390955 ol J5o0 g o 285 )38 odlisol 3,50 o )3 5Wg e (sla e

High Voltage DC/AC Topology Trend >

1954 1967 1980 1990 2000 2010 2020
Mercury-arc } : :

| Bipole Technologies | Thyritor C————+——) GTO ———) IGCT Development >
! 1

| MOS Technologies | M()s:f-rlzﬁ IGBT Development >

HVDC (55419555 (garumgi aigy (\-TV) JS&
2 e HVD L g ol aie sl Jiss p e KoM HVDC (saind 93 4 wodlitul 3590 Jiso 95 cons p HVDC (sl wins
slass Jlasl b 9 0L calold Q‘95 5heab; o> Js! Co> SwdS HVDC S 35,8 o )‘)5 5Wg e WS
g s odlisol bolas o LIS S5 b g (2by205 5 iy S« 2lsm bokas 1l 5o g
HVDC slas, bl -Y-1+2)2)

sl 015 Cand HVDC L Lai po el silisl +

%9 High Voltage direct current
05



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

HVDC b o g ylaibin! (1-YY) Joo

Performance of high-voltage
direct current (HVDC) systems
withline-commutated converters

- Part 3: Dynamic conditions

IEC TR 60919-3

Performance of high-voltage
direct current (HVDC) systems
withline-commutated converters

- Part 2: Faults and switching

IEC TR 60919-2

oy

HgeS 50 D,a8 Ssg Sl

el HVDC (slagiuww (Sl
Jols (Kool 5 Slas

&S Cad gbosyy g by,

Cuwlodd

caab by o] caasuie LWlS,s
Lo LS cdls o lys bl Sles
Ko oyl 208 e ) Wi s
185y 3 1) 5 3)lge 1L
@ bap ks 45 ol e
bs emligeS b lo e
o
Sl ool dde s e
4 bap ey JB
DS e (5SS
Gl 48,5 & you0
codgime Gl Sy e
sbcodgize Jolis oo
D> Al ) (Fyo g
Cawlods 039331 ] 4
Sy p IS sl wis ol
Ay s cbls g )5 a5 Sae
oalp HVDC (lopiuses  (slas
4 by skl ol
S g b @ by )35 glacdls

Cuwlodds

28 ey 93 Gl sl S
4 ol gte 4l VY gl Jae 5l ]
Ly i 5 Cwl gy I
Slegly e Gidg | dliey
2 godimd IS 56 aws (g0 5
5 Cawl oy a8 5 Jlas > 5l oyl
w)S sy ol ops slagy

Silodis



DOI: 10.30503/nripress.2020.297

IEC TR 60919-1

IEC 60633:1998

IEC TR 62543:2011

IEC TS 61973:2012

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

Performance of high-voltage
direct current (HVDC) systems
with line-commutated converters

- Part 1: Steady-state conditions

Terminology for
direct current

high-voltage
(HvDC)
transmission

High-voltage  direct  current
(HVDC) power transmission
using voltage sourced converters

(VSC)

High voltage direct current
(HVDC) substation audible noise

OA

HgeS 50 D,a8 Ssg Sl

380 (lp (IS plosaly it pl >
oalp  HVDC (glogiums Sl
IEC TR ;5 dsgylas 3)lse 5 Cunlonds
l, IEC TR 60919-2 , 60919-3
B g0 by

Loguasee s HVDC (g5, 2 3, hkl o)
ol o] bas b 390
DC 4 AC G5y o ol y &8 395 00
25 o Pl WSl

Nge & glealy s gl o
P2 o) )8 4 Wy e e
ol g2 298 0 B HVDC (slapiumw
S 5Ly aie slaJdee s & 51k
Cebl b s 5l a5 la Jae plo
OgeligeS b (b ogeld g by,
Pedie Jold 5 8yl (6365
9 9> i i cpl Lol g9
ol sl GgreVore b (o aw
gy ubey dlye Jy cwl (PWM)
I lizee glgl 9 Jols i 1) (e
sladie )3 Slyie & slagan Sy
5535 HVDC 3 o1 olizl VSC
0l zylae diw (ol )3 5,5 1,8 eolasl
@3 Skas aasuiie o bl cloop)lS g
Db ol g

5 baasls ¥ sjlubul o)
Sbcwy ¢ly G Ry b))
s>y 3 3jlsbuel (pl .yl HVDC
G S b ol p odlatul cax Jgl
3)liel Jioxis Jgtwe &S opslia g
ol Bl e i 0ad (i
HVDC (lapiw lp Jol ) 0595
bl sl gl aie Jiwo p (e
HVDC (lagiumw lp ol 5l i
@ Slg5 o0 305 JWy gite JAe 2 (idate
29) )8



DOI: 10.30503/nripress.2020.297

IEC 62747:2014

IEC 61803:1999

IEC TS 62344:2013

IEC TR 62001-3:2016

IEC 60700-1:2015

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

Terminology for voltage-sourced
converters (VSC) for high-
voltage direct current (HVDC)

systems

Determination of power losses in
high-voltage  direct  current
(HVDC) converter stations

Design of earth electrode stations
for high-voltage direct current

(HVDC) links -  General
guidelines
High-voltage  direct  current

(HVDC) systems - Guidance to
the specification and design
evaluation of AC filters

Thyristor valves for high voltage
direct current (HVDC) power
transmission - Part 1: Electrical

testing

A

HgeS 50 D,a8 Ssg Sl

L by Olegdge dlubinl opl o
$355 OgsligeS L Sy arte slase
HVDC (slapiums ;5 odlatwl )40
D9 g i

oK uoLo}’ d])’. 3lskewl Oil
» e HVDC (gla i o5
K oa bd elises b b
0Py yobo & 2yl pl 53 39y 00
WSlodds 48,5 Ja5 10 awdl VY sla Jiue
@ 58 4l £ e gl e
J"\‘-“’K‘-“"-’I&’L;KUM’MLS‘)’
3ylnkwl pl caslosss &1l HVDC
hlizee (93 Slos Laulyd 5 ()l Ul
..))5TL;o ul.u.\>' LY) l)

dl.a:oli‘;,.g.\ L;")J" 4 b)lJJL’;..u\ Qg.l
HVDC  (lapius (o) 295l
bl cpl 5ol oads 03l yolais |
OlasMe 5 gdgiowe )Y  oloal,
o) sagysll (Bhb )3 5l 550
Jop quslio ol 535] wol)5
Al pSole cua g e 2958
2)slse ol 8

Brb 3 oalitnl 3)90 yild Jae 5 (b
2o o &)l HVDC s AC

L sy slagly 4 sjlulial oyl
5 odlatwl dy90 8 ST (ol 5B,
s & jpxe HVDC (slapiugw
Og.] Ll 045 0313 uoLa:£$| Ol &ee
5 S Sl slacas 4y dgdmce 35k
o C)Ja.a Slews .l Mo b by
ool g by o



DOI: 10.30503/nripress.2020.297

IEC 62501

IEC TR 62544

IEC TR 62757

IEEE 1378

IEEE P1240

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

Voltage sourced converter (VSC)
valves for high-voltage
directcurrent (HVDC) power

transmission - Electrical testing

High-voltage  direct  current
(HVDC) systems - Application of
filters active

Fire prevention measures on
converters for high-voltage direct
current (HVDC) systems, static
var compensators (SVC) and
flexible AC transmission systems

(FACTYS) and their valve halls

IEEE Guide for Commissioning
High-Voltage Direct-Current
(HVDC) Converter Stations and
Associated Transmission

Systems

Guide for the Evaluation of the
Reliability of HVDC Converter
Stations

HgeS 50 D,a8 Ssg Sl

b Jae lagdy po sjlubid ol
2 ol Djg0 (6353 yuwligeS
Slapias B 4w 5y aie ledie
29 0 Jesl HVD

a0 b piY leialy wiw opl o
» olatl Gy Jb eyl
ool yd g o S HVDC slapitaans
oS caa & Sliaos o)lulul
AC 5 DC slapiw ;1 Sigeyla
&ly] .A)y»@ odld k)““",y A
clyld oy wlg o &S Slajlie
031> 235 (51 el 5> K9y ) &4 9551
slbdasin 4 LQJ )8 g Mg oo
dgbi ol ol (53,8kas

oz oY Ologile wjlaswl ol jo
laptass ) Sl | oSl
HVDC (slpium dos jl 5 caliee
o oS5 HVDC (sl Jolis
ok ol g Wy aie claJue
A

s HVDC s bl
4:.5-\3),1 Oi L by Js! b piaannn
P &Sy Wy mie sawdl edjled
Loy dliey 90 HVDC (clagiuw
P9xie N & Cudy 4 Sy Sl
Sguty 4 oS Laialy oyl
bl luabl el 4 gaiso

Ba

ki oty Slpess g (g yid
ol Cwl HVDC e
B850 5 Blaal Casl 0dd xw 3yl
WS g
bl 4 paedsy dgnp o

9 Olobol oS



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HaiS 0 &yl Ssg xSU

DOI: 10.30503/nripress.2020.297

oS o molSiun] (2O gy
ooy Jb 3 oSt o
Al u_b.)
G4 duolie g dsbre @
9 Qlizebl ¢prass Co bl S|
szl 0 (6and g
sauie SRl g Al
9 Olizebol ¢prass Co bl Sl
szl (B g
Slp IS silexe yluilinl cpl o
ok 08 Sg piSIl (sl eunas

IEEE  Guide for Control . B esls dos linss

Architecture for High Power . :@M d T

IEEE STANDARD Electronics (1 MW and Greater) = -Cwlodd (sabaadls 5 ciyyi )08
1676-2010 Used in  Electric  Power

Transmission and Distribution
Systems

abdy )8 4 sl e Jols Oljpod )
Ol catsS il ot )

HVDC FACTS « Custom power

Cuol (659 jwopudd slagiuw 9 DG
S J g Joo (slog 395

S930s0 3yglp CeslaByS B g5 390 S)in slaseed 53 Ign (Sog el sl (ool e (KUl slaga98 ) oolital o9l
olyis 4 b gydes ol 3 [IVV]dwpy Y3 3)Lle Yo e das dy 0jgn (] )3 VTV Jlo 13 0538 Syl glagitnes Jlo (835 45
2 Slosgs dolal jd aS" 00,8 o )l 4l g gl cadgl il maw dw (3 lgydes pl 008 o )8 edlaisl )50 (55l (g0iiS i D
4 g 5L o 13,15 oo plorl (dtunl) Vo )3 9 SLS 1 b dag Jobo )3 (Sl slog s )L el ad amlgs 0ol o)l

Db 03y 5 4 oges 5 (pogad D)l 93 2 (sl gy gl Ll

AV

A S5 ygo d g 9095 Goy g oMb eal i 97 00Dl dd 93 & Wil oo (B slg 5 53 0lil 3)90 (gL (sl
4 4o 5 ook Jlail Bl 5 3)90 (]38 00 Cudgame S 4y dipe S5 5,L5 [WWY] 6,5 o )8 oalitsl )50 55 7T (gainz g0
5 s 5L s U] dips 53 5L mhege S canlad,S 15 slial 3y90 Libate il s ol K st & 63k s 2alS
9y 2 o3b e )5l [IYV] S oo Sty |y &S 4 (BLAN olgs 30)55 Gsbo J1 a5 (o3l Jlnly 9 &S & ol o) aSed

50 On board

61 Off board

62 Unidirectional
63 Bidirectional

)



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

(sloaS e b7 acme &g ALlgH oo g i aiy 3 g L (39 )3 Cupdgace o 4 VL g5 Cudgazme gl (Jgane (S Sl (5095
by " mlia ©ygo 4wl oo (Ko SUl Glag g5 0nd Caai )5)Ld slapiam . [MVF] 255, )8 a0 Jlua cpl ialS coa (S Sl
019 L (slayiyls ) &S sl Jb 5>l g a8 e oalitil 55U (639)9 5 4Sed y peritiane JUail 1 il (sl )3,L5 0L )
Sy Jo by ol o 4 AlgS o g By IS 4T o) olaw (clad )5 (gl )30 I gg cpl b oo JUS] b lite )0 &

A (359 9 0jMl 4 bgyye glond (ghls (B gled)3gn (g5, ¢ odd cual e gl yjyls L [VYO] ALl

SISy y395 (51 Mol rwilgd 9 W3 lilil 1YY

_))5 doMs - 2 ul}:@ ‘) Lm.))IJJLMJ‘ L)ﬁ‘ WE‘
S b g y095 b ba o (S wiSUl (s slailival (1-YF) Jou

Jlail cas p3Y @logile o lsbuwl oyl 5
Ped e Ole aSud & 021y (55l wlie
slasly 5l eolanwl ioliel 4 ase b
IEEE Standard for Interconnecting oSS o i oSl 5l
IEEE 1547 Distributed  Resources  with (¢ Jb mje clodlds @ 048
Electric Power Systems wlbisly Sl by s 3wl

My @lie 09Sw sbyglsy e

@ O Sogpsdl i g 0aSly

9 Sy Car ole Cledbl Lialy 4yl

e Sl (Blopj Ologile iy

ol ) (S ysdl wlie b By oo sl

Sl dd cliees g Sl

Electric Sourced Transportation = Smies;® OUl (sbs (s3i0jls 5 (3%

P1809 IEEE ; , . 1
Infrastructure Guide ol 43,5 1,3 coy 3550 saisl (S5 Sl

B9y Ol (g5 ydely i
9 Jo> i sl 1) 81 e
5 )b Slaptas p |y ol S J&
g JEh oy sloptuns Wile alo

23 g0 &l (S Sl s 22595

5 Integrated
85 conductive
8 inductive

4]



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

IEEE P2030.1

SAE, J1772

SAE, J1773

SAE, J2847

SAE, J 2836

SAE, J2931

Draft Guide for Electric-Sourced
Transportation Infrastructure

Electric Vehicle and Plug in
Hybrid Electric Vehicle
Conductive Charge Coupler

Electric ~ Vehicle  Inductively
Coupled Charging

Communication between Plug-in
Vehicles and the Utility Grid

Use Cases for Communication
Between Plug-in Vehicles and the
Utility Grid

Digital Communications for Plug-
in Electric Vehicles

SY

slp Sy & laplaialy wis ()l
dwg Bl Gy lbeS
OBAS Gpae g bedluy; Baa
S glosle (S S 85 g o Ll
ol b basye glocdlons 5 i
w3 e )] 3l o

S8 53, Skae logile 3,lul )
565 o0l ol can 1y IS (s
el ) i oyl b
gl

ol yois 4y Jgomo ljuaas 5ylikinl oyl 4
39z 4ly) Ll Slogsle

4 bgrpe Slogile cp yieS 3 luilinl cpl 5>
W4 baye Ol g pdy s
Cowloddodld 41,8 st 3yg0 (omublize
Ll 5l el oyl I cond oyl
5 zalaw (gly (g (g0 odld Jlasl
50kl ol B Casgm 55 ¥ g
ol odd blod 5, Y mdaw Slogile
;\/s»w b lize w5l odlazul b 5)ls
hol 58 31 5Vl ol s
g e plox

bl caa p3Y Slogile 3luiliwl ]
1y 08 a8us 5 (oSl alis blog (e
) 5% gloay)l5 g (g5l JUl jslaie 4
Slei oo ool,8

Al sy (99 2) s Slogle
a3 g0 1) 4 > po o 9 (S Sl
LLs) s pY lagile 3)utial oyl
ali s o Jlows Slpbre
a8 Ay 008 408 S ¢ (S5 Sl
c S5l Sy bauly ¢ 5 4 ¢
 Sadon (pSoilsl lacsls y;
35100 ol b



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

SAE, J2894

SAE, J2954

SAE, J2293

Power Quality Requirements for
Plug-In Electric Vehicle Chargers

Wireless Power Transfer for Light-
Duty Plug-In/ Electric Vehicles
and Alignment Methodology

Energy Transfer System for
Electric Vehicles - Part 2:
Communication Requirements and

Network Architecture

S¥

HgeS 50 D,a8 Ssg Sl

Slp des lawsg ojluliol )y
el (Sl adis blog slay3)ls
kel )8 b g ooy ol (555 2 04d s
Mo wlipos Bas” Wy 4 oS
Gy beS s als bloy as
OB S b aVgine b cua
.))‘A}L:.AAJ‘ L')J"I ..)9.»4:5@ 43‘)] OI}} m“'“
“\‘SLfo 3)91)3 I) ):) Evy
$ils Sl ol yielly s @
S5 5 Jo Slies sl
bis cqa alb o (S
Wigd RS Olg5 CapdeS
i | obdiasuie s °
HJB b sy 8 AC
DK 58 3 Ses 2 2y
¢ ol cunS il spolie pus @
N
s el Lol S
ol - Ml 5 sl 29250
o b bld j ul ol
@ Oge g Il JB (o)
sl 4y
G jelaie 4 olajlae iy
Oljess esl g Cad S8l puubolize
Bed e Dl ) e e GHl
4 &Sl ad)bSy 5)LS & bgiye 35290
Wb 55 5L g canl (Sl 99095
I8 o 3y e a5t ) Cal (S
25
Jg.L.ua LS‘)’. ra)\f uLog)ln ‘.))l_\JLL..:l U"
99 45 Sl 5 (Sl Al
Sy gp b 4B )5 (Sl
@ aSd 5l (Sl iyl sl cqen
adllas 5)90 wgye0 S A dlld dlsg

..\IbJL;o )1)9



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

SAE, J2364

SAE, J1766

SAE, J2578

IEC TC21

Guidelines for Electric Vehicle
Safety

Recommended Practice ~ for
Electric, Fuel Cell and Hybrid
Electric Vehicle Crash Integrity
Testing
Standard

Recommended Practice for
General Fuel Cell Vehicle Safety

Secondary cells and batteries

)

HgeS 50 D,a8 Ssg Sl

b by (8 lagoleal) ol ol
b Sl clag s sly (el
amde @ 1 g 5Ls g 3,5k
log3) et ol p a8 Chge ool
lpasd 33 gl 4 bge Glegdee
ol A o e |y 6yl L g (o]
Ly yeS (3i5 shIs> & Slies 3l
ool el 5 sl S olS FOYS L
h oxSie 3 odlatl 3y90 (eges

B30 gy

5 B Ju oSy clegyss
iy s okt el San (5250
o b 3 g e Lauly 25l Y
b sl YU 5Wg b slapiunes 5 olipedijoo
S Gy e bl
@YU 5y Gl &5 (odlge 5 SUlas
Sl Golas e 50 ol poo b it
Pl dlp Ges gaes ol nles
5 S S 5 Syl e
de 56y b o b & (s o
ac Wy o cdg YO+ B & o (g5Ws b
) it g Veor B oy gojl0l b
D9dse Jolis

b b ye b8 gl fasdlygiws o )listiol o]
op3d (Bgw Ju Glptuw Jlail
Pl Sl glagts 5 oo
) g i S g oo g
o9l pald e cpl jl Gan e e
5 Sl el obel cgr oleal,
JB g Je> s cwle (Sl
Db g Cud By p e Syl
Ded ad)S Hlai )3 (Sl Jolye )
sl 529l a3 yglate 4 3kl (pl
9 3kl) 2y b ladye 4506 oyl
Gz g Sl Jold) ol (3o



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

IECTC 64 . . .
Electrical installations and

protection against electric shock

IEC TC 69 Electric road vehicles and electric

industrial trucks

IECTC 22

Power electronic systems and

equipment

vehicle conductive
charging system

IEC 61851 Electric

55

HgeS 50 D,a8 Ssg Sl

e ) ol 35 5 s 5oyl
S slagss (3lec (s iSs
Caolodds g5

e ol oo (slasjlailinl slo! cqs
aliass ale sy p3Y Glogile sl
S plp 3 ol p5¥ el 5 (S8l
ol ol 39 g 4 (S Sl

€y el s elod bl syl can
P by B @ipe @ s olag)es
4 Do oo 45 (S8 i 2l
P9y )

b by olodlutisl 3,5l oald o
Sy & Gl 5 Sl Dot
5 o Sl e s
ol €38 g I 3508 Slieens
ol «blis Cax 48, )5 4 Cliees
ol 035 2lous) gl (5503101
slrgyed 4 is clijaad g o)lilinl oy
S0 SN 45 g L5 sl 5 )
G ac 5ty ojlul b edls ;3 ooldtwl 3)50
S 4y g 10+ b de 5ty 5 g Ve
S g )
Ao jl s (LS > &5 alagydss
& aSed @ Jlail BB by b pgs

(S

S i Sl 1) 55151 i b g plos

ileie opel 5L BB (5l 0

ol &S obais Ded e Jold

5l a0)ke 2 0 00l Lidgs 5l
sfles bulyd g clasis o
Sgpgs M Cliess
sl

e pY sl olubul e
oS w3 s o Jla
Sors> 9 sl 9395
Sl



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

8 (oSl ol Clagile @
S 59095 5

&?‘)Jﬁ_;sdww YN

Mo g Joo Sl a5 U g desile -V-ITSND

Jo 3 Yl (233l b gy g Gy bazmo b ol (6) 5l > & (S0l L B slaptis ] oslitl 4 M 3] gl L)
4 e 55 )50 3blie 3 g Wlod bl (Byd (slool 5 bg)l > (93b5 (oSl padl oo (slonyllad 05 p0l dS ok @y sl 2ol
ool 15 Jb 50 byt (pl 51 edlal

0diiS i bl e yidey (galiold ojlal a5 cCunlodgs ol yors i )3 (glanl 10 SWg e ol 381 L ¢ (SGiSI Ly (oloinpn @ pu A
S aile (ool )3 a8 Canlodgs BT S )5 (69390 g o 3 Cas yw S8 4 0B a8 gl aC jgige L cyloj o 50 3y9 oo waly3 1)
35 sl 038 (1gaulineS” Gla (Frapm 53 008 Wl by 5pa Fe b g 0 Jlog (il 53 bleie Jos (g0 S5 L AT 5550

Dy ol ada Narvik o Kiruna ps (salol o 35,0 V0 (ulS )8 b (5)95055 bawss ITON-0re Las (s8sm Coond Colys jd 5 laid S

3 pein p g HoudS A Cowl Bl drwgd 55 Wpts (pl (6551 (el Caps alisee gla > oly (Bl drwgl ol (wilS )8 aSe K
anlosi gn a8 S 3 ST 30 & s i St 35 5 Jbes e 50 00 el 3L 3 45 J 8 ol T,
A LuilS ) @ 3 29y lS)8 1N ol oad o odlitw] aSis 4 Juate S a9y 1,5 Jawe 1 a5 bl B )5 e 0y

Cuwslodsd ul}:.ul )J)lb oY ‘);)m O u,wlf)ﬁ dl)J U] )L\m 9 b.)y M‘a

oliial (G35 po Ljgo & s S plgie & Cusl 035 00 el | (o) i ol ) e (S0 s 503 (slygulS
DY caslonds o odlinl Lol (uilS)8 4 s a8 lS,3 L AC 5y 4 5l Ll () 0 ol o 4 ilen S o

) s )08 Sg xS gla Jue NAV Y gand > 4Gl U Wlodgs eolaiwl 350 (sla oo i Hlg slaJuus ((o3b; slacuse (olp
5 Cuwlodd o aidlid yuB g Sl LI (ooladass o0 Glgie 4 jgiww 5 ldlocp! o loas (So Sl by J&5 g Joo jo Jooo

Sy B ST Fp VY ke 4 (il )5S slaae bawgs

4 Cenlosigo Sl S5 sl Joolgh 53 BliogesSs o913 )3 b (> (sndy BB Sl ey (slapts 25 alols s &
Iy 56y daw olgi oo ]y 4 Lpianmn (pl 53 aSG1 s 4 A€ glapiuuw | odlaisl 4y a8Me 0 L) oo )0 (3 sloasSud sl
ol 40515 2939 3,80 J1,8 (o)l o yas dy50 (i ly 4 8C 5Ly > Wlgn aS g1aS e H5ige i yb Cawlatily dgng > iul38l

o JB g Joo )38 g iU S5 sl S92 90 g3 Il YYD
oalitul yslato 4y (5L 5 (Lo bl 9,0) 5l g oo i Wl (5509585 Sy plgie 4 (S8 ) B (glpotises (55515385 oS Ll |
Cawlods 03,90 + 55 55 a5 Wiloal dgzg a4y oS claaSiis g ol Sl LBl e ¢ oyl

87 synchronous- synchronous Rotating converter
4%



DOI: 10.30503/nripress.2020.297

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

HgeS 50 D,a8 Ssg Sl

sl B 9 Joo o b bad jo sl jlailiw! (1-Y8) Jgu

IEC 62590:2010

IEC 61881-3:2012+AMD1:2013 CSV

Consolidated version

IEC 61881-2:2012

IEC 61881-1:2010

IEC 60349-4:2012

S s

Railway applications - Fixed
installations - Electronic power
converters for substations

Railway applications - Rolling
stock equipment - Capacitors
power electronics - Part 3: for
Electric double-layer

capacitors

Railway applications - Rolling
stock equipment - Capacitors
for power electronics - Part 2:
Aluminium electrolytic
capacitors  with  non-solid

electrolyte

Railway applications - Rolling
stock equipment - Capacitors
for power electronics - Part 1:

Paper/plastic film capacitors

Electric traction - Rotating
electrical machines for rail and
road vehicles - Part 4:

A

Slos e

$3Sdas Slogile )lliel
Ll 2 &1y )15 (glaJae (oles
B pE by ord JyuS slagly
3,5 53 3945 o o3l s JyuS
b Gy JB 5 Jo> ol 435
b lg o Oliuaas ol 0yl 0 )l
JyS 58 bg by Wy 3l eslinl

Lgd

DC a5l 4 by o dliliwl oyl
St 53 odlaiwl 3y 4Ygd
ol el @ Sy sll
dacus Gl 350 CuaS @bl
OleMbl g oud Hlo el Slogilo
o ol 2 b g e

g 0

Wy obs  Jols DC oyl
Gl Sy bl
o Cwl @l K5 Sl
bwd Gl 3y CutS @l
aledbl 5 oud by eul Slogile
ol ol 2 b 5 e

At
sl a5l 4 bayye wiw oy
5wl AC |y g DC _Sezdly
Casl &g Voven b ooyl ol 3
sy |y FmlsS 10 b iS5

RS
byl 55 g ygige a3 bl ()l
J oigd 15 @315 (uubline (19,5



DOI: 10.30503/nripress.2020.297

IEC TS 60349-3:2010

IEC 60349-2:2010

IEC TS 61287-2:2001

IEC 61287-1:2014

Permanent magnet
synchronous electrical
machines connected to an

electronic converter

Electric traction - Rotating
electrical machines for rail and
road vehicles - Part 3:
Determination of the total
losses of converter-fed
alternating current motors by
summation of the component

losses

Electric traction - Rotating
electrical machines for rail and
road vehicles - Part 2:
Electronic converter-fed

alternating current motors

Power convertors installed on
board railway rolling stock -
Part 2: Additional technical

information

Railway applications - Power
converters installed on board

rolling stock - Part 1
Characteristics and test
methods

54

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

HgeS 50 D,a8 Ssg Sl

Sopians ) odlitwl 3y50 o Jie
JLo.CI dlo)l} Jal.w9 Oed g th'.)
Cawl 005

oeile S5 3, Sdas 3 lnill ol o
Sy olue g 48)5 518 Cus 3590
b oile 51 w55) (03,Sbes b))
Jie 5 omile (Shb oy (Salen
o ol olip 4 eoliil 390
Ll

35 AC (laygige 4 5 lubiul cpl
2 olatwl 3y Jae jlooxigd
Ji g Jeo g by slapiens
ol » debe Jleel glodls
dge owile S 3 Sles 3kl
bl Slp olse g 485 )18 s
el boadle 5| 48l (63,8es
.))91‘_;0

Ay (g (62 2)5 s Slog il
ly aSed Jopope 9 S psdl alis
...\AJL;O djl)l

Gole (gau,Sn oyl ol
Sl (S slagbyy @l
sdie By 5 oSk
(510 gy 15l &35 Sig S
OgeligeS
(395 OligeS b Gbajlugusy
ole gl o DCIDC la e
SkSige )l 3 luliwl ol j3 05 o0
dy90 o Sliasd cpl ol oduiS

‘LS'?)B 0D

Sy B oy
(o blyd o)kl Cpl
S slbaasiio wud slady)
$9) p odb uad Clines Gy
Pedise Abe (hy i



DOI: 10.30503/nripress.2020.297

IEC 62236-2:2008

IEC 62718:2013

IEC 62589:2010

IEEE 1653.1-2016

IEEE 1653.2-2009

Railway applications -
Electromagnetic compatibility
- Part 2: Emission of the whole
railway system to the outside

world

Railway applications - Rolling
stock - DC supplied electronic
ballasts for lighting fluorescent

lamps

Railway applications - Fixed
installations - Harmonisation of
the rated values for converter
groups and tests on converter

groups

IEEE Standard for Traction
Power Rectifier Transformers
for Substation Applications up
to 1500 VV DC Nominal Output

IEEE Standard for
Uncontrolled Traction Power
Rectifiers  for  Substation
Applications Up to 1500 V DC

Nominal Output

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

HgeS 50 D,a8 Ssg Sl

Sliwas slp okl oyl
P oAy L 4 @uE Kol
9 by s bdS e
Sgxese S gl (S8 e
Jlasl lacodgisme 3ylnbul oy
» Oy s (els sy
dox I by J& 5 Je> i
S slaptunw 5 i
A8 o ol 1) ©ya8

plosle 5 3,Shes o lilisl ol
Lol glocws 5 ol
ol ads (gl slacawYl
Dgd oo plyd dC

@y pY Slogile 3l
Slsgae sl & o5 scws
pateie |y Lies v b ae |
sl Cpmed Cad opl 4S8 e
9 )95ley98uil 5 )5k 25 G (ol
Bl b dpde S S
& 52 gy ol gy saieils

Ai] Cawd

Slp olme 2l (gl 3 )lutil (]
«83,8bes Slogjle
Sl e b dadiie
4 08 Syl sl gile sl
sl ojlstuol  pl oy 0 N
5 Sl (b sbows
5 4 Sy Ve 3y b S
=9

b sl Jeallygiwd o jlibiel oyl
loguss s g codls o )b
ST ST RPN
by yled clapiunw ;0 oolasl
Dgd o Jolis |y cdg Ve e 35U,

c‘_s.)).f)lg



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

Oy sl )lilil opl o
by By Jeo el lp (Sl
Ologile g o 03ly )3 dalllas 500
Standard for Passenger Train = o .| su R RPN

1476-2000 IEEE Auxiliary ~ Power  Systems i . . i
Interfaces  S2r)s=l 3l W5k il Sl

Al sl omb 5y
c 5L sla 5L oy ludy

Sl ggid w51 J 0 SACAEY

&gjwsg;ﬁ dlh‘).)m ‘_;)M AT U D |
) SSlged sl Jolu patiws by «SSlged clom oo diiud SElgeid piuwww & 8 Cands (0 SSWgis o Jus
MPPT L aiuin o5 (gmalais oboy 5l eolitwl b da= Jase cpl 3 aiiS= o b (g puwl o (67880 & Jlasl cublB b 5 gl ¢jquo
ol G35 ot ) (S el ) 9 39570 03028 am Jgile Sl (g Ol e o fgan ded 5 595 5 Sllags 51 S by
ORIV WGP
I eJle lsis 2905 (oo e laslate 1) lam ol (lsim o g et (ks s (Shg 9 o)l Sl Sillgsd slam e
b3l (sl 5 Caol KWIO b kW2 (slaglys dampls Cudy 59y 2 0wl gl s 9 (S5 smails gl Jslie olg5 v
olazwl YU 4 KW500 sla— oo 5 La%:_ 35 2By o Syi sl sl pluw )3 g 355 o0 03latwl KW20 b KWI10 =03l (b0

Dgad 0wl 35 b y5ye0] gleil plo 1 Glosyee (IS lo dr din )lg7 oo 3yl (ol 51 G 2 p> a8 Wi o [0 VO] D4 0
5 W5)ke SSlgeid (sby Jase ciliseo gly
S e -
B & S oty Sy slagile bl o Juata Syl 52 45 2 5 it 2V bl (gl Ygoma b Js 5l 55 0
Sly Gl SWg aw & sy sl Cale)d 9 Jog o0 4 Glge ©ygods i) (ol G im3 o0 ST ) (ol g 0 Jate

SlglSe aiz 51+ KW (29,5 (55 (s> Ygans (535 10 (sloiysial Mg o e 55l (63929 4 0l 581 2oy irom 5 )5
D51 conl Jglsio jloms byl 5l oolisl o555 wlidie b SS9 claolS gy 55 g ddl oo

sy Jae -

8 Central Inverter
8 String Inverter

\A



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

SG il b ygn sl gile 5l andy o (gl aSl b g conl ABlas 590l G ) gty o gile jl atd) o bapiueaw ol )
oo Jate yygul Ko (63909 4 gl (295 5 20 3329 (g iSls Gl i 5 H5lejsauils (igre¥onl b 4blie Cung S
Aib a3 by ol (6399 Cuond 4D g yg0l 365 9,0 Bl O jgods Al o e S Tas O, (claptuww ¢ i pgd b 4
b Olg s sy sla gl sd e Jate 3 4 & Cales)d 9 S 4 (295 S sl (ol (S o )

Sl o YO KW B Y KW 039450 10 Yoo 5039 Vo KW 5l 208" B YL 44 1.0 KW 250

Ol 4 s gl b B0k I pam bl s cpl 5 e s 9 Jlo 0 4 bade 539 Jlo ¥ 1ol « S350 sla 5y00] 5l 5 90 opl (815
SGS e ddye b i 4 dlw Ve gla BB sl 3 Slas I liabol 5 YU (gl sl

Vgl 95 -

o Jgsle 5l and) o sl &S ool plo BUS o sl o SSWggb (sla ol (aine) sl (S3PHSS S L ehl Soe
Q81 (b Wy eaw il by plos & Caslins (s (35 (0 ()b SBM 90 4 o5l 1o lp gdie ()b
g Glisebl Cll 5,5 plosl (g Yov dgae Sl 0jl L) Sos8 sla gl (nl lawgi Cunlio 0 9 AC & DC g5 hots
b y5ysials Sn sblie 5 W Shg il qual laaiasn jl (S (2ol 5 Jslo o 5 Slas 350 idise OlgF (sdinin (sabai (213 w55

IV el

SIS ol i o ol 395 3 Shae ¢ L Jsjle (s 5 358 sl I yle 2 45 8 JSo e 5,58y 5n S 51
GBS e & 425 S5y o olad 5 b Jlo ¥+ ol ot il 3,Shae sl ol Sim gl S (50015 g5 slacS 1
@ Olg5 sted sdlali (2bd) Joile o 3 &5 A5l 4 da g g LU Agl5 (995 pln g i ale Sl dlea i alie LY 4 b glle
2 dyj sl e pedls el pl 33 cuad cpoud )0 bl o o Jldle pl 3 (655 Gl S et e g o plosl ABBlIs &g
2 dgi oo Saimy 05l den g (635 e gl A Joile (sher Jladl sly SYsb DC sla i8S L 5 oVl 4 L el ol

bl S3lge8 (ol 3l s S edlital ity 50 Sal o]

V‘Qb&' [RVESRP W DC-DC dLmJJ.:A -

D95 o 03l (e ygd (Slpiums j odelcundds (g5, uiley yiSTs @ ¢l 4 cwsl DC-DC Jaws ¢l (gosimd9s S S
O S e e lgs e ag 1) el e pile 3Sdes ol Sl by Bk Al Cogod e
Lgb)lya » el )9194g 0193 (50D g sl Jie LS pdas glas, dlm)f)ﬂ] 3 Ses o9 b ‘yU@o I [szjL: w9 J._'a‘}l’go
S e SSlggd clapius ) Ml 2o lo loj 3 9 ol W8 0aiSTy lapiuns (il 3)les )3 0bj @y ale
oinsms JS3,Sdas 2gi00 el 0S5 5l o Jgsle (93,8 Iiome b oimnas 93 5 15 A5l o )90lg S0 and Aiilg5 00 (lg5 (soimII90
S o3 el i S 53 Ks8I sosia93mte S S 5 S5 Lol 5] 55 S g Sy

0 Micro Inverter
71 DC-DC Converter (Power Optimizer)

\A)



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

Kb Juale didy yo 10 0dlw el S 4 Wigd o 03liiwl Joilo 50 yiSTs b 9 S§ (gl Iiome jobdy &S lev (godimddgme sla Jiue
[yl

Silaeid s Jawe s3Ikl -TIT

sl 51 glaoMs . 'Mj")ic;" &JU”a s Jio bgiye O}aﬂ syl C,g.):i.));.)lf).; 5 (Rp e (e 4 ISy ‘_'),ﬂ 5

SSlggid (s Jumo b ylilinw! (1-YF) Jour

3 sl oloss ol lsie g
l, DC-DC (sloJawe o Sillgsid el gleil 3 uibl o)
Uinlejl el Laliste (olaygeil o liilinl ol )3 amd o Gibgs
o ol il oS oo SSllggd b Jue el
&y (PCE) Y olg Jias ©lseos 4 IEC 62109 5,lxkl
o) ) a8 395 oo Jlos! (PV) Ssldggis (slaaslol 5 ool
e 350l ) 23V (il Lo SIS (35 s

Safety of power converters for

use in photovoltaic power xlx » cblis ylp PCE célo 5 oLl oy 1) clljl

systems - Part 1: General ol ple g (SOl (i (g5l Sosd Sgi ol s
requirements

IEC 62109-1

WS (o0 e
Ui iz gl el 1y o0, IS bl 5 bl oy
Ol (eSS laciond S (oo walyd SSUlggs (PCE) oy
Jed 51 ol o iwe dilies glgl glyy Lol el 5 st
bl oSee (oSS lacions a8 oo wal)d 1) b0l
g pliie b Sbagygld g SV gaze (13 ()b
IEC 5ylnbil y3 ods (5 yme (slaygos] 1 ogMe 3 luskiwl oyl 5
o ygnl el Salojl sly (5,50 slagygesl 62109-1
ol 0105 oo lagl (ol clasaiels 9 Soldggi
Safety of power converters for )
use in photovoltaic power b4 Jaie g4 93 Jl) Sldggid (sla 50l Lo 5kl

systems - Part 2: Particular And o by |y (aSs 5| Jitue
requirements for inverters ‘

IEC 62109-2

4 by ol bel slagain;ls IEC 62109 5l iso oyl
gl & 2l )l 35 gl o)l Sed sl )l

L. Power conversion equipment
\Al



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

Photovoltaic systems -
Characteristics of the utility
interface

IEC 61727

Test procedure of islanding
prevention  measures  for
utility-interconnected
photovoltaic inverters

IEC 62116

Overall efficiency of grid
connected photovoltaic
inverters

EN 50530

8- Islanding
Y¥

HgeS 50 D,a8 Ssg Sl

) gd e olitul (gad)ss glaptuge )3 odlital plate 4
Cawl 800 3 |kl opl iudgy cod (gl yiyanl aad o yiudg
sl adl s glayenl b aSed | Jaius @Sl 4 Juate
b oS gadyss Jojle diz b S by Al o o5 y50)
@b g odd 435 wlosd (gubog,S it clasl)l (sla sl
il Jate (651 Aile jlwo p3d (olapiumm

@ Jate Selgs (sl & byrpe llollie )kl oyl
Sl gloygnl 55 )l aSub b (gl Sygo 4 45 4
4 0,0kl Cpl e WAEb o S o edlatul (gloy > LS
Sl LSS L6 aw gt sy (ol baoy ol
33100 Nl _luate il g (sloaSis 4 45 Ve KVA 5l 28
laptases Jlal gy Sl s 3wl ol Gan
&) )> IEC 61727 5,)liul 1l o oo 45ud &) Salidggi
sl e gy iras cblis 3 EMC o,y Ll yisks

o1 Lo ISIRI 11859 (golas L \WYAA Jlus 3 3 kel ol
ol

slr " slpr b gy 5l gpSin Gl o)l
ol 0293)5 (395 gt 4Sed 4 Juate S99 (sl o]
oinlejl lp Jedljgios G pd 4 owinen 3 lulul oyl .
P& Gy bl S S8 Glolidl 5 Sles
D313y g0 00 i B sz b ST A @ Jeate sla s
Jols 5kl ol 55 ond 03 zy5 Lalgs g o9ejl (s,
Sad e by eyl S5 g0l &S a3l

4 o Soldgsns clayipgnl LS o35 s b 5 okl oy
FShe gt )3 03jL ¢ Sojlul slp (2bagy (ol 4Sd
INSO 20780 6l L \WAF Jls )3 3 ikl ) ail oo olss
xS0l gl elasg, @)yl linl ] B el 0 Lo
390 Syl > (MPPT) ol aiin )18 s (obs) (o25k
ol g3 el 4SS 4 Jate S ggi sladilolu 4o salatuwl
IS5 5 ol AC 3y |y Cigns L8 2 Sy g5 o
Sweld 9 (Sliol (235L 9> o S (o0 PR 1) (el
5 MPPT Sl ol ololy N5 e (o) MPPT



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

Photovoltaic systems —Power
conditioners —Procedure for
measuring efficiency

IEC 61683

Automatic disconnection
device between a generator
and the public low-voltage grid

VDE 0126-1-1

Balance-of-system
components for photovoltaic
systems - Design qualification

natural environments

IEC 62093

4. Overall Efficiency
- Subnetwork

Yo

HgeS 50 D,a8 Ssg Sl

33k 33,5 sslre 590l TS ol s el
Dy oo 03y L &lBBlas 55 MPPT Selid

sl Jae 035l (gdmbro (gly Jodllysiwd (g5ls d)lslinl ]
ISIRI 11275 (gojles L VYAV Jlo ;5 5 ddl o SSlggid
ol 0 Lo

033 5 ySojlul sl (alodadllgins 2y8 & 3)lilial oyl
S &y St S W58 (sloptan > 025 o3itl 5l Jio
Lolul AC 55 o o bl o & a8 I Jits
0351y sl 81 3 sl oo sl DC 3y 5 b g cols uilS 4
dole S50 (295 9 @909 Y pelie g xSojlu ]
b odlawl b8 dgil yeile ystudl i S aST Syge 50 g 0
28 4l ol ol
5eSud g 9o o g Y395 @lad (sl lgie b3l
slas sl 9 Sig sl e
s e Cawl 01035 ok oldl (VDE) cleMb|
o) sl 00 905 INSO 19652 (go)les b 35 of o
A o e |y 4l 4 Jlal slagaiojls Sladl o jlasli!
G505 gl gdliwg sla She s lubiwl pl il Bas
JUid @595 48w 9 oo o (Sl bawly S plgin &S

bug soges chpmo L8

S Sl 3Rl G plgis 4 9 3580 03latul (ages ipns
&35 4Sed Yoy bawg daplej (ooled 3 (poyiws ) glad
63)31 L;d:.’..»l}&lj LIRS cdlpwg L‘ﬁl 29, S .\3193@
&5 4Sed 4y Jlonds alad (048 5 Sy 4 g 1 (S
St Bl 3k opl 4 9 WS o S ol (o <)
— i gl plod (Sl Sl by 4 Jodl oy 5 ksl o)
Pilnie (BOS) sindygs slady jl pé & Sllysd o
Soldgss (elaptaes j ol celinl sl 3kl oyl 4o 3]
S b3, clbptums ¢ Jlasl glodums db iS5,y do Sl S
B slp Slge Ll wsd 9ls)5 ks 5 (MPPT) g
Sl oy oo D)kl ol 51ail cuslio 35 BOS (glial 51,500
ol 3l B g6 ookl meedlS— S5 gt g (sla s 5L



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

5BOS (dlial 51 4 525 Slas (gladasuto s (9051 JIg
B 3l any 05 0,Skas b > g0l Co jaos Ul ol
@ drg by odd jlwand Jace b (oyme 3 85
Ablon slaize g (Sloj Jgine (slacydgione

Gl 0 Lo ISIRI 11857 (go,las L 3 lusbiawl -ys!

)35 elbpias 43 0S|y e Jlasl lie b 5,lubil o)
Slol Il i o g a8 4y Jlasl lol il e 38 slaaasuin (4l

Standard for Interconnecting  — _, 155 0181, slgi solio 4 bgsye (gl yg05] (cloduas
IEEE 1547 Distributed Resources with 'uo u?’/' )) o e ) 9” &9
Electric Power Systems 3 )& 5 toal @)Sos & by Sleljll ol 2 09Me 2L,

Ol 93 35 SpS Olg5 Sl 4 01381y 395 gl JLail

Dy15 dgn 3l
G5l Lol glyie b IEC 61000 (slaswlil sy
eges Sl ed ) oasie o ice s ubliseg xSl
3 3lioe gl 5 xS0l sla by, eme Ll (o]
bt 5 b Jise (sl 45 )5l o) 51 (sl i dlos
IEC ) mi g pgwr Ceonsd &y (g5 o0 98 oo o3kl S5l 923
EC (¢ (sl 1) 3505 0,051 (IEC 61000-6 561000-3

IEC 61000 series Electromagnetic Compatibility .
Sy By ol Siseyla cacudgize oyl 4 61000-3

S8 g5 St S8 g 5Ly Sblogs Sy Ol 5 5055
239 VA i s VA 2 Sl sleedgione ) s
ol 4 55 IEC 61000-6 (g pw (slodlusbuol (53055 0 VO A
cLS,}i,M sl dl).f )LJ;.UI 9 Lr'.o.).‘ u.lf dtm)l.xsbwl

.b)l.));u.o (S0 9 S éil.».ao cd)bo

L 2 (LVRT) 56y cil Jooo cuils s jslate 4y 3)lailiwl )
Utility-interconnected . i ‘ o i
photovoltaic inverters - Test o2l «Cusl ol (905 Sl & e S3llysd sl 3o

procedure for low voltage ride- S, -lgic 4y 53,15 3,8 YU g3 (slopiues gly yidar CollB

through measurements
g el 015 03938 i (sl gl > (Lol 4 ) il bl

IEC 62910

SoWgsd Of caey TV

33 lapiass b g (55)9liS ool (13,5 )5 Auie Gl Groes 5 g Sl Slged Glapians cual dije el
ool 2 s yg3 ol my a0l I3 O slaasy 55 Sy (6598 ) oslisul & aBMe S5 w51 o] g g 59555
41y AC s DC (slaygige 5 (iiwo (ol sloguay b oad (S8l (6531 4 b ondysd (6551 o] )3 &8 ol Slggid (59)iss

Dy9l S >

\la



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

i jl el it S JE5 L g 55 (J5d p itee Slapiomes b g powwyo (S S (sl 4 diuly ol (slocany I job &
gl IS cdizn LIS job 4y 385 e lp o go (5ol slomyl sl aSly cams o il ) ) e gus ) oolil 4y (saiejls s

Fed Pyl B g3 3905 )3 J5d Sldptuns poa 5 (55000 500
oy p 4 &S oolidl jon bl )3 (g50l8 () 5l eolatw] pisred Lyl Clgw (g4 B ok g S yaend 4 L g 0dg laee L )il

Sdygs Sl (uwl Slgs claptuw p e slaca

O 5 o &S gl (pl b el powsyo (ol oy o & dund jloay (590955 ] sl lin Jleny (5455 )05 Sy ol (ol
S e 4295 3550 ¢ J 123 (g 3o a8l o (SO SUl (65,3l (13985 (pm g 3 Jbs & 3] sla Jlo 5 (55905iST cpl sl (530595 i
ol nlyg PV claas])] 5o g audyo8 (il a oad ooy Of b ya F 09 ol 485 )13

S y93 Ol oy B3Lw] 3590 (103 uiliw! =V -Y-VY-T-)
S e ol |y Saldggd e ol oy i b L ye (glad bl I glaod o

S99 1 (siteo (ol ey s 1 50 S0 i 31 oS (1-YY) Jaa

315kl o loss ho! lgis Gl
&Soilul ol oY sleialy s ol jo
P Solggid lawly glagiuaw o3jl
Photovoltaic systems - Power Sed by Jato 5 oSl i sloa )l

IEC 61683:1999 conditioners - Procedure for & olady)lS slulisl cpl ded o olo
measuring efficiency | |, ac sy S, bawly Jie L2gs
ol b de 5Wy S b g el uils )

Sy piY Glagaioils o lulinl ol
A o Tokae 1) (Sl g 0ALS o
il ey s o pg 3l
by oS L3 e plad g (ol

PR

Photovoltaic systems — Design

IEC 62817 qualification of solar trackers

Field acceptance tests to determine =~ =% <o Shee J58 3)90 slocuns

the hydraulic performance of = ., . KW PV
IEC 60041 hydraulic f{ﬁjw o uwy' )SJA&
turbines, storage pumps and pump- ol e oz > jlue S
turbines WS e

\a%



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

L obop & oMbl sw ol o
S wgl syl slagiejls

Secondary cells and batteries for 5 SWssid (555l slapiuge 5> ool

renewable energy storage - . el gl s o gl
IEC 61427-1:2013 General requirements and methods " y ch,, o
of test - Part 1: Photovoltaic off- 5tel cul 2gdie glo 55k 2Sdas

grid application ;| las 5,18 15 &S Slac b g b Jobo
Oldigy |y 1558 o0 5,8 eolaiwl 350 aSiid

.J.m.)@

5 il (b cua piY Clogle

PSR e Glaptens 3)Sles

Ol 4 jl e 2,87 )3 1y S3llgg8

dl.a:aﬁ)lf d]).g b)l.\.’»b....;l Qg.l .JJSL;o

Photovoltaic pumping systems - | sl L) alBile]l e s

IEC 62253:2011 Design qualification and " -
performance measurements ! b2 > by (SOllggd jluans

L o 4 o)kl ol cwl

Gygo 4 0bigd Juale (5590 (Sldcaey

&b sy sbJaw -V EYSD

5 ol Ol g aius 3y 5 Sl cudyl Gl Sl 50 0508 Sag Sl polic w8 Siig iUl (659l oalih i 4 da gl
oy Olgle ola gy olde 5 yu8 S Sl ola )l 059 00l e il go Ll b )3 gl (o)l g ialS 4 g, Ll o
DM 580 Foliz 55 63k bagm)s JyuS aiej > €58 b 35)gls 635 5y cul jl - Wsd o J S

@b ooyl e (Byre V-V ESNS

38 59 (Wl sbyygil ] )90 )3 kS )13 0dlatul 3590 (3L (g SIS 3 Al oo )18 (Sl el I Sglite (sladiS
DA 8 (o0 i it (uilS )3 9 55 Jare o b ol iS85 5Ly Juse S5 ]

(V aels 7 pygal () aiile g 4i8)S IS gy cuiz ) Wlgi oo 93 p2 (CSI) gl @sie oyl 9 (VSI) 5Wy aie sl o0
VSIS el Jle sl PWM 55500 S (sjloosly el s o9Me 7 udly (sling (g ¥ 5o 9] (7 5™ oy aials (g ¥gio 3550
(SVM) (2l Jlap Ggea¥gta (o515l b 5)9l8 (VL g (qwgiw PWM 5,58 (Y Sigala Bl (g (V 398 2] (g d b Sy oo
& 2 Sl agpe w2 3929 ()3 5)9lS S S sl ol So g slegnse So M iS5 el it gl v

7. PAM
- PWM

YA



DOI: 10.30503/nripress.2020.297

ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

HgeS 50 D,a8 Ssg Sl

o Sy )9l udy 4 Cudy PWM-VSI )58 35l a)le Jus™ BB (65,8 )kl ol )1 (o0l (gl p g5 5 50,8 B jlis Lo
YINCC b (rb oS 5,50l8" g (lawssiy (gl 3)8l8" ¢ guus ilo 5535 ¢om

o Sk g (500 9315 6l AC 93130 & dusliio (\-YA) Jgu

Converter Concept Technology | Applicable Comments
type configuration

(Figure 2)
Back to back | VSI PWM b.d.e.f,gand h | Mature technology
Tandem CSC+VSI | 6-step+tPWM | b.d,e.g and h Unproven technology
Matrix VSI PWM b.d,e.f,g andh | Unproven technology
Multilevel VSI PWM b.d,e.f,g and h | Mature technology
Resonant VSI PWM b,c.d,e.f.g.h Unproven technology

T RTAT R KW P R -V B SAE ST

il e @b lagmyy > odlitel 350 sl i 4 bgye (9ol (sladllinl (p 35300 5wt (B 4 LiSu ol

55kl e

EN/IEC 61400-1

EN/IEC 61400-12-1

EN/IEC 61400-21

[1a¥s\a0]

SO (otty95 S Jare (52 Iiliasl (1Y) Jpur

kel Olgis

Cloxdy

Wind Turbines - Part 1: Design = )Mkl (nl )3 plus oal 9 boJesllygiwd ol Olus )3 ()

Requirements for Large Wind
Turbines

Power

Measurements of Electricity
Producing Wind Turbines

Measurement and Assessment
Quality " el Sy le cuas sl il d)fo}]xl" Oles b

of

Power

Wbl oo las 3)90

Performance P! Slstisl cpl o Slg Jaged g ol 035l (650l

Dy 50

i lbdasuio uad glue plgis 4 le e 1y 5 lastl oyl

S g Sgesls gl (85 Jas > (b lagmy oly
)il gl €Sl 359 b 15 iaate 3, 5lil () 2 ol 5,518

Characteristics of Grid ) )
Connected Wind Turbines <=5 «lr S cldeddhguos ol (Jy 2gde ouiles

78 - Natural Clamped Converter

YA

s oy > Uy <l Joos g 981 9 981 ol laculls
8L e 55 (LVRT)



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

IEC 61400-24

EN/IEC 60204-11

IEC 62477-1

IEC 60146-1-1

IEC 61800-1

IEC 61800-3

Wind turbines - Part 24:
Lightning protection

Safety of Machinery -
Electrical  Equipment  of
Machines, Low and Medium

Voltage

Safety requirements for power
electronic converter systems
and equipment - Part 1:

General

Semiconductor converters -
General requirements and line
commutated converters - Part
1-1: Specification of basic

requirements

Adjustable speed electrical
power drive systems - Part 1:
General requirments - Rating
specifications for low voltage
adjustables speed d.c. power

drive systems

Adjustable speed electrical
power drive systems - Part 3:
EMC  requirements  and

specific test methods

HgeS 50 D,a8 Ssg Sl

skl ) bl b dielo cblis 5 S i) lios
b peeiitane L3103 03k (8 cBlis 5 Shos g3 25
Lo o 5l pel ol ciliss (clatse gl icho paitie
ol odel 3kl opl o IS g (oSl latse i
Mot il clolis ) oalitsl 0356 (slyy ola slaal,
5 15kl o 3 eyl 255Ls EMC (sl yaslinl g ciniao o i)

ol oxd oyl 31,31 el Glas M i o g 0l

<YL )LJ5 us“’ﬁ)"-g‘ 9 US.»).SJI dLM d‘)’. J)L\JLL..;\ Q—.’.]
22 0394500, 9 1500 V dc L 1000 V ac VYL )U9 L (o
2, 5,536 KV

S 1ot bl Sl 5 8 KiniS) (shapgl)
2 3kl gl iy Kinpgisle o (spSoilnl wlilis
41500 V dC 51000 V 8C j) a8 ol 51y by _olo ptuuse

D90 )5

@odes bayypls @ bape al SLlll 4 o)lskul ol
S5 s Mol ks Jlo) ) S8 S8 o Jae 33130000
s 48 39 00 Aoy (oobaiBl LY & S5 Olimes g
g pbsl 5l Sygo g gus ;505 ¢ Bed bl p3Y (loins

ol 0 (SopS)l GH8 sl aS e 4 bgye eges Sloll
JAa.Lc 4\5).'>u LSLQ("*““*"‘ dl).g A)ijb.wl O.;.\ RCW PN JJL\JLL»]
D)2, 60HZ L50 LSy gl kVack ks jUg 4

o Sl @y sls aS e EMC clgige;] clasuiio
SWe)stg b (olapimmm (slp )kl cpl ol ool 5 )laskiul

b



ol (2Eiylojl a0 5z gz aly it W1l 5 sonaglyl ()5 Sl yge e
23S 50 L8 g sl
DOI: 10.30503/nripress.2020.297

P50 5 St )01
S bl S5y poiamnant Aoyelv

S0 e 95 3155 (ol S5 5o i 735 sl 3 (S 250 53] b B i s, o35
de b Jolo 050 (o o Sl 435155 (298 g il 5 55155 Gl @ e Ol el S8 e dasg il o
T Ol @Sed & St 9,8 5155 S el 2500 (s55til) el Sl a3 SWy Sl ol y59) (E5 52 b g 035
pladl g glgil )3 o8 Slaetun 3L 93135 VS o s b oSy ol o915 Sl Wy i (gl ()l Wl oo o0
Ol ol W9 4B IS 4 e S50 St b (S gy ayglT )3 e ()il L jglaieds 51 252y il
A gl g Sops b sy LS o) dle (69,Ses Ll pd U398 walald gy s b Sopo0 Gy &5 Cansl Line

Dgd o 03 s 7 (B lxin S50 ot 4 (Siliol o0 i 1 a8 i B ils

0955 (S 951,55 4 25 s (3 lailiuw] - -1-18-1-)

=5 2kl cledsel (slise 2 12l al 5,Skae ()] AC 5 AC Cuows cbslis (sloutisy § S48 jluoguiSy il 5 (Db 5l g sl p3Y
b byl )3 oyl o ol 35 ol lisalol Jlai 350 039450 5 ol guomo 3,518 5l g S )8 o)l 5 Cend 3)50 dbogsyo
(ol (gloeby cmlio (0l (lodre winlas &il)) 4y log o 45 wisly oo IEC 34-16 5 IEEE 421 ¢St (sl 55 6 20 s
o g a8 cib dag BL V] Canl o Byme bl Cpl aslyl j5 ] sad aidlyy K yo0 i 3Ses ol g G
48,55 1,8 addllas 5y90 ailBlan jobo 4 1ia] ST ST 0,Slos g Al o S$ )20 it degom0 D)Slos dy i3y ol CBua s bl

sl
S s 0, luliwl (1-F+) Jgur
3155kl 0,les bl Glgis Cloxwdy
\EEE Std 421.1 Standard  Definitions  for <28 i 4 bysye lakad g 1] (5 yme & 315kl (]

IEEE Std 421.2

IEEE Std 421.3

Excitation Systems for
Synchronous Machines

Guide  for Identification,
Testing and Evaluation of the
Dynamic  Performance of

Excitation Control Systems

Standard for High-Potential
Test Requirements for
Excitation Systems for

Synchronous Machines

79 -power factor

AN

D05 00 (59,Sms slegunile 53 odldtwl 350

Gl S0 1S sl g (ol 2,Sles S5
oS 5 08des (asdd dlp 6,50 58wl Mol

RTSIEIS| VRGTRUPS WP SPC SR ImRPI SR

Sy cas Glal 5 Gyl daylas oyl yn 3jlibisl oy

Slootiwws le g YU ily cud 4 gy ojlalinl oyl
Sl hlog 5 S0 plune il 5 (9K dle S0
SepS e a4 03y YL ol (oyme 3 &S
Caud gl lgiojls 53,5 palyd 5kl cpl 5l Guas sl o



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s

DOI: 10.30503/nripress.2020.297

IEEE Std 421.4

IEEE Std 421.5

IEC Std 34-16-1

IEC Std 34-16-2

IEC Std 34-16-3

IEC 60146-1-1

Guide for the Preparation of
Excitation System
Specifications

Recommended Practice for
Excitation System Models for
Power  System  Stability

Studies

Excitation Systems for
Synchronous Machines-
Definitions

Excitation Systems for
Synchronous Machines-
Models for Power Systems
Studies

Excitation Systems for
Synchronous Machines-

Dynamic Performance

Semiconductor converters -
General requirements and line
commutated converters - Part
1-1: Specification of basic

requirements
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for Surge-Protective Devices
(SPDs) for Use on the Load
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in Low Voltage (1000 V and

IEEE Std. C62.62 less) AC Power Circuits
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IEC 61800-4

IEC 61800-5

IEC 62477

Adjustable speed electrical
power drive systems - Part 4:
General

requirements -Rating
specifications for a.c. power
drive systems above 1000 V
a.c. and not exceeding 35 kV

Adjustable speed electrical
power drive systems — Part 5-
1: Safety
requirements Electrical,

thermal and energy

Safety requirements for power
electronic converter systems
and equipment
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IEC TS 62282-1:2013

Fuel cell technologies - Part 1: Terminology

IEC 62282-2:2012

Fuel cell technologies - Part 2: Fuel cell modules

IEC 62282-3-100:2012

Fuel cell technologies - Part 3-100: Stationary fuel cell power systems - Safety

IEC 62282-3-200:2015

Fuel cell technologies - Part 3-200: Stationary fuel cell power systems -
Performance test methods

IEC 62282-3-201:2013

Fuel cell technologies - Part 3-201: Stationary fuel cell power systems -
Performance test methods for small fuel cell power systems

IEC 62282-3-300:2012

Fuel cell technologies - Part 3-300: Stationary fuel cell power systems -
Installation

IEC 62282-3-400:2016

Fuel cell technologies - Part 3-400: Stationary fuel cell power systems - Small
stationary fuel cell power system with combined heat and power output

IEC 62282-4-101:2014

Fuel cell technologies - Part 4-101: Fuel cell power systems for propulsion
other than road vehicles and auxiliary power units (APU) - Safety of electrically
powered industrial trucks

IEC 62282-4-102:2017

Fuel cell technologies - Part 4-102: Fuel cell power systems for industrial
electric trucks - Performance test methods

IEC 62282-5-1:2012

Fuel cell technologies - Part 5-1: Portable fuel cell power systems - Safety

62282-6-100:2010 IEC
+AMD1:2012CSV
Consolidated version

Fuel cell technologies - Part 6-100: Micro fuel cell power systems - Safety

IEC 62282-6-100:2010

Fuel cell technologies - Part 6-100: Micro fuel cell power systems - Safety

IEC 62282-6-100:2010/

Amendment 1 - Fuel cell technologies - Part 6-100: Micro fuel cell power

AMD1:2012 systems - Safety
IEC 62282-6-100:2010/ Corrigendum 1 - Fuel cell technologies - Part 6-100: Micro fuel cell power
COR1:2011 systems - Safety

IEC PAS 62282-6-150:2011

Fuel cell technologies - Part 6-150: Micro fuel cell power systems - Safety -
Water reactive (UN Devision 4.3) compounds in indirect PEM fuel cells

IEC 62282-6-200:2016

Fuel cell technologies - Part 6-200: Micro fuel cell power systems -
Performance test methods

IEC 62282-6-300:2012

Fuel cell technologies - Part 6-300: Micro fuel cell power systems - Fuel
cartridge interchangeability

IEC TS 62282-7-1:2017

Fuel cell technologies - Part 7-1: Test methods - Single cell performance tests
for polymer electrolyte fuel cells (PEFC)

IEC TS 62282-7-2:2014

Fuel cell technologies - Part 7-2: Test methods - Single cell and stack
performance tests for solid oxide fuel cells (SOFC)
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% Induction cooking
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% Uninterrupted power supply
% Medium voltage (MV)

100 |_ow Voltage (LV)

VoA



ol (plilesl 4t e ez b slein a1l 5 ancaglsl (5 5 e ygome s
HgeS 50 D,a8 Ssg Sl

DOI: 10.30503/nripress.2020.297

(LV s MV ;5) (5,8 y5i9e O
(LV ks )3) 0955w (uilS o)y gdgw j5i9e  ©
259905 T ygige gg e T Sug)l (191 (SR) N ord g (uilS ol (lygise Jols aygige plus sloeS e >
\.fd“d;!
)

Cop sjlulel, e

Sy N 4 s VTN 0]V F] ool slagyyg

[A] (xR LSL“}L”}“& .
DY) o slayjls o

odliwl 3590 (slo VL «iS 015 STy (S 0AiS” juod M Tolge Joo lapiumw 445 e oad )8 > Sliess oyl
513 338 55 gt 5 by JB 5 oo 5 518 sla S lapians 53 (izred L9y e T4 Canio

Vo] el gl 5 5yl gl Jolid (oWl 0)58 & bgryo sloJise @
(WY] )b sl i o
Wgys0 ) 4 ol (leoriSbyan b g g GlacS b by (g CudS dgue g & Slires
3 s g 5SS (ot Joli [V o] (PFC) Yl o s (slooind 350
[8] dilizee (5Wg g Sl slagsy 1 5B aw g LSS Sygo 4 (S5 g SHlge b g sy [VV](APF) i Jlud (gla yild
WYT(UPQC) 'l corteS” a2 LG s

Y] (PET) M )u8 g Sl slayglo yginsi] 5

101 Switched reluctance

102 Bryshless

103 Servo motor

104 Step motor

105 Soft starter

106 Material handling

107 power factor corrector

108 Active power filter

109 Unified Power quality compensator
110 power electronics transformer
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111 Static Transfer Switch

112 Static Circuit Breaker

113 Static Current Limiter

114 Distribution StatCom

115 Power optimizer

116 Maximum power point tracking (MPPT)
117 Doubly Fed induction generator
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118 Static frequency converter

119 micro Hydro Power Plant

120 Battery energy storage

121 pymped hydro storage

122 syperconductive Magnetic Energy Storage
123 Super capacitive

124 Fly wheel
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125 \/oltage Source Converter (VSC)

126 Off-Shore

127 Flexible Alternating Current Transmission System
128 Static Var Compensator

129 Thyristor controlled reactor

130 Thyristor switched reactor

131 Thyristor Switched Capacitor

132 Thyristor controlled series reactor

133 Thyristor switched series reactor

134 Thyristor switched series capacitor

135 Thyristor controlled series capacitor

136 Distributed Series Impedance

137 Static Compensator

138 Static Synchronous Series Compensator
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139 Interphase power flow controller

140 Distributed static series compensation
141 Back to Back STATCOM

142 Interline Power Flow Controller

143 Unified Power Flow Controller

144 Thyristor Controlled Phase Shifting Transformer
145 Static phase shifter

146 Dynamic flow controller

147 Distributed Power Flow Controller

148 Fault current limiter (FCL)

149 Thyristor Controlled Voltage regulator
150 Thyristor Controlled Voltage Limiter
151 Thyristor Controlled Braking Resistor
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UL 73 Electric Motor-Operated Appliances
UL 197 Commercial Electric Cooking Appliances
UL 471 Commercial Refrigerators and Freezers
UL 499 Electric Heating Appliances
UL 541 Refrigerated Vending Machines
UL 763 Motor-Operated Commercial Food Preparing Machines
UL 859 Household Electric Personal Grooming Appliances
UL 923 Microwave Cooking Appliances
UL 1026 Electric Household Cooking and Food Serving Appliances
UL 1431 Personal Hygiene and Healthcare Appliances
UL 1727 Commercial Electric Personal Grooming Appliances
UL 1951 Electric Plumbing Accessories
UL 60335-1 Household and Similar Electrical Appliances

CSA C22.2 NO. 63

Household Refrigerators and Freezers

CSA C22.2 NO. 64

Household Cooking and Liquid-Heating Appliances

CSA C22.2 No.109

Commercial Electric Cooking Appliances

CSA C22.2 NO. 120

Refrigeration Equipment

CSA C22.2 NO. 150

Microwave Ovens

CSA C22.2 NO. 167

Household Dishwashers

CSA C22.2 NO. 168

Commercial Dishwashers

CSA C22.2 NO. 195

Motor-Operated Food Processing Appliances (Household and Commercial)

CSA C22.2 NO. 221

Electrically Heated Hobby and Educational Type Kilns

! The Association of Home Appliance Manufacturers (AHAM)
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No E60335-1/4E

Household and similar electrical appliances — Safety — Part 1: General
requirements

No E60335-2-6

Particular requirements for stationary cooking ranges, hobs, ovens and similar
appliances

No E60335-2-16

Particular Requirements for Food Waste Disposers

No E60335-2-25

Particular requirements for microwave ovens

No E60335-2-32

Particular requirements for massage appliances

No E60335-2-36

Particular requirements for commercial electric cooking ranges, ovens, habs,
and hob elements

No E60335-2-37

Particular requirements for commercial electric deep fat fryers

No E60335-2-38

Particular requirements for commercial electric griddles and griddle grills

No E60335-2-39

Particular requirements for commercial electric multi-purpose cooking pans

No E60335-2-42

Particular requirements for commercial electric forced convection ovens, steam
cookers and steam-convection ovens

No E60335-2-47

Particular Requirements for Commercial Electric Boiling Pans

No E60335-2-48

Particular requirements for commercial electric grillers and toasters

No E60335-2-49

Particular Requirements for Commercial Electric Hot Cupboards

No E60335-2-50

Particular Requirements for Commercial Electric Bains-Marie

No E60335-2-52

Particular requirements for oral hygiene appliances

No E60335-2-64

Particular Requirements for Commercial Electric Kitchen Machines

No E60335-2-76

Particular requirements for electric fence energizers

No E60335-2-82

Particular requirements for amusement machines and personal service
machines

35 6l 395 Al jodo g s sladgy il o (Jodlpe o 3 yize claolKivlejl ;I (S5 4 METLAB olSisle ]
ol 0313 L5 UL slo gyl 5 ool 1 irbaia |, (S35

K 335 O )lge Jolds  SB ljpmd e 50 (Ml oy 2ikae Gluge (soled (S oSS S o

US DOE ENERGY STAR Testing
Combustion Testing

ASHRAE Testing

Energy Guide Labeling Testing
Cleanability Testing
Flammability Testing

ISO Testing

UL Testing

TUV Testing

ASTA Testing

BEAB Mark Testing

CE Mark Testing
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China Compulsory Certification Testing e

GS Marking e

S Mark Testing e

e ETL-EU mark Testing e

Association of Home and Household Appliance Manufacturers (AHAM) Testing e

OSHA Testing e
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Refrigerators
Ovens
Microwaves
Dishwashers
Garage Disposals
Ice Makers
Toasters and Toasting Ovens
Convection Ovens
Ice Cream Makers
Bread makers
Wine Refrigerators
Trash Compactors
Water Coolers
Wine Coolers
Beverage Systems
Oven Ranges
Stoves

Freezers

Air Conditioners
Humidifiers

Can Opener
Electric Knife

Coffee Maker

Espresso makers e

Tea Makers o
Dehydrators e
Food Fryers e

Waffle makers e
Warming Trays e

Cookers, Steamers o

Crock Pots e

Water Purifiers e

Juicer e

Grills o

Electric Griddles e

Rice Makers e

Air Purifiers e

Dehumidifiers e

Hair Dryers o

Hair Flat Irons e

Blenders e

Mixers e

Floor Polishers e

Dryers o

Washing Machines e

Clothes Irons e
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External power supplies and battery chargers to AS/NZS 4665 o
Power consumption of audio, video and related equipment to AS/NZS 62087.1 e
Digital television set-top boxes to AS/NZS 62087.2.1 e

MEPS (50}l v
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MEPS television sets to AS/NZS 62087.2.2
Measurement of standby power on household electrical appliances to AS/NZS 62301
Information Technology Equipment Energy Performance of Computers AS/NZS 5813:2012

YV V VYV V

d.c. and d.c.-d.c. power Information Technology Equipment Energy Performance of Internal a.c.-
supplies AS/NZS 5814.1

VEET 505l v/

L yS 0 )8 dgi D90 1 slaygesl (iSu (pl y

» VEET Testing to Victorian State Government requirements for power boards and EPODS

! Power consumption testing
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Information Technology &)

ADSL modems, Voice over IP equipment, Fax

by Oliaes
(Lighting Products)

g AS/NZS60950-1:2003 | machines, Telephones, PABX Systems,

Telecommunications etc. Computer Systems, Alarm Dialers,
(Equipment

Fridges and Freezers, Kettles, Toasters,

B Sl | ASINZS60335.1 and Microwave Ovens, Cook Tops & Range

. AS/N25603352XX hoods, Blenders, Coffee Grinders and

(Household Electrical ltems) o Machines, Food Mixers, Electric Grills, Deep

Fryers, Fans, etc.

ASINZS60598.1 and E?ur:)arglsecentarl]_dam Zlo%rhrisirlgg IrI]|g htsLaFgl)psé

AS/NZS60598.2.XX PS, gn's, ~op

Lights, etc

AS/NZS 61347.1 IEC/EN
61347-1

Electronic and Iron Core Ballasts, Ballasts for
Discharge Lamps and Supplied Electronic
Controlgear for LED Modules,

AS/NZS 1158.6 and all
required subclauses such as
vibration and 1K.

Street Lights

(Power Supply — All Types)

AS/NZS60950-1

Switch Mode Power Supplies

AS/NZS61558.1 with Part

Linear Power Supplies including standalone

2's Transformers

AS/NZS60745.1 Hand Held Power Angle_ Grinders,

. . Tools | Electric Saws

B s including Band Saws

(Electric Power Tools) 1w .. | Transportable Power | and  Mitre  Saws,
IEC 61029-1 with Part 2s Tools | Drilling Machines,

Jack Hammers

Home ) b Ssg 801 cljupas

Televisions, LCD and Plasma Screens, DVD

. AS/NZS60065 | Players and recorders, Home Theater
(Electronics Equipment, Stereo systems and Subwoofers
o sl cpdle o plee il
BEalejl H !

- . . Lathes, Motor Driven pulley systems,
Mining Equipment, Industrial ) ASINZS61010 Stamping Machines, Electrical Switches
Machines and Laboratory

(Equipment
AS/NZS3105 Electrical Portable Outlet Devices
Jlasl Glgal g wljpas glgil ASINZS 3112 Plugs and Socket-Outlets
ASINZS 3122 Socket-Outlet Adaptors

! Electrical Product Safety Testing Services
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(Mains/Appliance Plugs, . N
Socket-Outlets,  Connectors AS/NZS 3197 Portable electrical - control - or condl(;:acz/r:lcr;%
and AC Adaptors)

S AS/NZS3191  including
(Cable) | AS/NZS60245-1 and Part -
2's

b Ol o
(Medical Devices)
oS &y e gl yiyoul | AS 4777, IEC 62109-1,

. IEC62109-2 and AS/NZS -
(Grid Inverter) 3100

IEC 60601-1

sl sl ages slad il

AS/NZS3100 -
(General Safety Standard)
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Real Time Digital Simulator - Virtual system External Hardware

Simulated System !
terminal voltages and currents,
response rpm, field current

D/A >
Controller

AD [

Hardware gating signals

response

Breaker
. Abbreviations:
- Load »  Exciter power supply (PS)

auxiliary and main
generator (ASG and MSG)
Prime mover (GT)

controller hardware-in-the-loop Cuwd ;LS Lw (¥-F) i

(SFC) Syliw! o8 3 Juno Y-V -F-Y-F-¥
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; Simulated
Variable gjmyated electrical load Real-time simulator | prime mover
Voltage > RTDS <
Source CAPS 480 V bus
(utility connected) v
VVS
converter drive
inDC EA system
mode exciter
I high speed low speed ‘
: EA D 2
diode [[] Gear :{H: Gear :[”= ynamo
re generator meters
rectifier under test box.2 hox
intermediate

speed
CAPS 4.16 kV bus (utility connected)
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o ke 5 S LK o PowerTeck ,.ls )5 Y gam s )d Cnd i 9 595V goww 5l ¢ Jsl 0B Gl s Jawe ol cns (gl
oEilol Meo 3,15 3538 YU 5 5 c88 )Lid (cloolKiglojl 1> WL 55 cond yiuws Al oo Sz (sodly 5loj b s 3
Jolis (] K556 s 45 43L oo ol g K0 10+ e b oligS Jlas] cans gy sotiunss gy liwgain CPRI oligS Jluas]

el (Sl glaygige 4l Bl (sl (il Jiue 5 (Sl o e

4By g 4 gl STV

o ge5l s amlgs o lal ¢ b Lo yo ol luilis] § 3,5 o plosl UPS 3,018 50505 3590 50 &8 olodge;l wlsss iso opl
Sloss 43,5 a5 )3 i b el (ol jslaie S (gl ealin] cunlio g5 ol 4] ek cas ggejl opl 1e,Sdes (slgius
3 otn 3 5 et ol sl liggasl () 255 1,8 o3lital 390 o Ul 53 53,08 S 3 e el 38 oS loj Loguases
I Jsanel 5 22 bl ps ot 595 (asiie & 3900 pll el S5 41 i 9 99)000 Lt 31855 ol 9916 b sl po o]
ol dlazel BB do dn U 500

4,5 a5 10 eSS ewl lojle bawg & wil sl sladlailinl sllas 5L ’Y,w Y gae el (closind 1 es) (sloins
sl Jame 5 (Slo (blix (idgr (Sld Jold 9 398 00

<l 0251 UPS (4l ploil LB (loign] o pad o5 Jgio o

AN



ol (2islesl ah g Cuz b sleing a1l 5 ancaslsl (s ) laygome s
58S 50 Dyad Sbg Sl

DOI: 10.30503/nripress.2020.297

UPS (sl plexil L8 ‘_sl.ga,.oﬂ Cow b (Y-2) Jgo

cshol slegge]]

Cladle Cud
g Sl (345 ,Lié cod
Jloasl e g Cuii pas

L by slggej]

obisS” Jla]
o) 5,k aslsl
005 5ylss aslsl
oS 3y

3j sled
zuuols oolal

: bl Sz

085 )15 )b cod g0l -
08 8 s I8 S cov
ologs oige3l =

4y 3e)l -

3l el -

Sl (slsges]

L) 095!
wlod &lyuss
el

Lo cogh,

o) )13 T (e

e Skige]]

sl 03l (WV=Y) Jgao )3 55 UPS s (gl ookl 3590 cogas (sl lusliul

UPS ‘5L{eo9.oﬂ (SOGE o ylaibiow! Caw b (Y-V+) Joua

ul}& .))lA)Lw)‘ D)Lo.z:: ;6..{.))

wl cleobo g by g bl IEC 60050 \
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1 Mould Stress
2 Casing
3 Profection
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immunity),  Electrical ~ Safety, Energy  Efficiency, EMC(emissions  and
Telecommunications, Wireless and Environmental product and component compliance
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Appliance  plugs and rollers Razors/ hairclippers
connectors Refrigerators and
AC/DC adapters Hand-heIdHarp])((j)rI;rglis freezers,  including
Battery chargers/savers, for tools, including: _ wine cellars )
rechargeable cells, cutters  Residual current Biulojl ol > Slimas 4>
including automotive type drills devices (safety s o
Blankets inders switches) ety
Circuit-breakers, miniature grin Room heaters
over-current pl_aners Saucepans, including:
Clothes dryers polishers deep fryers
Conditioning and control routers fry pans
devices (portable) sanders woks
Many portable Kitchen and | saws BBQ’s (indoor and
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Cord extension sockets Hedge clippers Sewing machines
Cord-line switches Immersion  heaters Shavers (electric
Cords (supply flexible (including  aquarium razors)
cords) immersion heaters) Sockets outlets
Decorative lighting outfits, Irons (including fabric Soldering irons
including steamers) Switches (wall)
Christmas lights Insect electrocutors Switches (cord line)
Dishwashing machines Jugs Television receivers
Electric fence energisers Kettles (see Toasters
Extra low voltage power saucepans) Transformers, extra-
supplies (see power supply ~ Lamp holders (normal  Jow  voltage  (see
units) ~ bayonet-type or power supply units)
Fans (portable and fixed) Edison screw type) Ultra-violet/infra-red
Fluorescent lamp ballasts Lawnmowers therapeutic lamps
Hair-care appliances, Liquid heating Vacuum cleaners
including: appliances, Washing machines
brushes Plugs & Sockets  \water heaters,
combs Range hoods  unvented storage,
curling irons ~ Ranges, fixed, instantaneous
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hair clippers cooking hobs
dryers ovens
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Short-line fault tests >
Short-circuit tests for ACand DC >
Out-of-phase making and breaking tests >
Short-time withstand current and peak withstand current tests >
Capacitive current switching tests >
Magnetizing and small inductive current switching tests > b aotl o o
Making tests > RG9S S
Mainly active load current switching tests > ol wbeesl b bews 4)
Shunt reactor current switching tests > Coy & bg] ol ol
Internal arc tests, etc. > (93,5 oo plonl olSisle;
Lightning impulse voltage tests >
Switching impulse voltage tests >
AC withstand voltage tests >
DC voltage tests >
Partial discharge tests, RIV tests, etc. >
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Up to 45 MW shaft power (in back-to-back conf.) v/
Up to 30 MW shaft power (full load) v
Voltage supply from 3,3 kV upto 35 kV v
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CESI ¥

Source AC 440V, 50/60Hz, 400kW
Source AC 300A, 760V
Source DC 600V — 4200V, 200kW
Source 1ph AC 25kV, 50Hz, IMVA
60KkVA regenerative grid simulator (CHROMA 61860)
Solar array simulator, adjustable |-V characteristic, 0-1000Vdc, 0-210A,
210kwW
400kW load (DC rotating machine), 1500/3000rpm
R/L water load
Back-to-back converter testing
Accredited EMC laboratory
Large walk-in climate chamber (4900 x 3300 x 3200mm, -45 — + 1000C)
Testing with AC voltage of industrial frequency, dry and wet, up to 1000
kV, 1A,
Assessment of power equipment remaining lifetime (accelerated aging
test),
Measurement of radio interference voltage, frequency up to 2 MHz. v/
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four +£500kV bipolar long-distance DC transmission systems
two +800kV bipolar long-distance DC transmission systems
one flexible DC transmission system

one AC transmission system

Physical and full digital simulation devices

16 generator units

UHV AC/DC transmission simulation systems

photovoltaic analog components

various load models and Thyristor controlled series capacitors
controllable high voltage shunt reactors

electronic transformers

other new-type electrical equipment and component

energy management system

wide area measurement system

power market simulation system

full digital real-time simulation system

30 wind turbines testers

4 testing wind turbines

2.5MW advanced battery energy storage system

0.64MW photovoltaic power generation system

wind-optical storage united operation platform

real-time wind power monitoring system

analog hybrid simulation platform as well as core test equipment for base-
-fixed voltage drop generator

power grid disturbance generating device

comprehensive test data acquisition and management system
SGl-altix4700 and SGI-UV2000 super computers,

4 sets of £500kV bipolar conventional HVDC physical simulation
models,

2 sets of +800kV Bipolar 12-12 pulse UHV HVDC physical simulation
models,

security control equipment,

excitation controller,

VSC-HVDC simulation device,

SVC controller,

TCSC controller,

CSR controller,

STATOM controller,

WAMS-based coordinated control platform
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MIL 461- RTCA DO160- (Radiated Emission and Susceptibility
JEN55022- EN61000-4-3

Conducted Emission and Susceptibility (MIL 461- EN55022- RTCA
DO160)

Indirect lightning effect (RTCA DO160 Sec. 22)

Electrostatic Discharge (MIL 461 ~-EN61000-4-2)
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EN 60034, EC 60072 : S, S (sla ppile
IEC/TS 62578, IEC 62477, IEC 62040-1 10,15 <Sig 2SI

IEC 61800 : S5 Sl g5lp> (slbpiivauan

EN 61683, EN 62109, EN 60146, EN 62446, IEC/TS :cuaui,es (sl ysyenl
62578

EN 50121, EN 50155, IEC 61287, EN 61373, IEC 61377-1, : L, sl
IEC 61377-3
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EN 60068-2-1 (cold)

EN 60068-2-2 (dry heat)

EN 60068-2-11 (salt fog)

EN 60068-2-14 (temperature change)
EN 60068-2-30 (cyclical heat)

EN 60068-2-52 (cyclic salt fog)

EN 60068-2-78 (damp heat)

(mabolizeg 1S (685l b Lo po sla 9]

Electromagnetic Compatibility, legislation 2014/30/EU, formally
17025 - EN ISO/IEC 17065 accredited against EN ISO/IEC

Radio Equipment, legislation 2014/53/EU, formally accredited against EN
IEC 17065 ISO/IEC 17025 - EN I1SO/

2009/142/EC (ex-90/396/EEC) Appliances burning gaseous fuels ,
ISO/IEC 17025 - EN ISO/IEC 17065 formally accredited against EN
2006/42/EC Machinery, formally accredited against - EN ISO/IEC 17065
2014/68/EU Pressure equipment, formally accredited against - EN
ISO/IEC 17065

2000/14/EC Noise emission in the environment by equipment for use
accredited against - EN ISO/IEC 17025-EN ISO/IEC outdoors; formally
17065

0I5 CuisS 4 bgyye sl g0
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Current harmonic measurements (IEC EN 61000-3-2)
Flicker emission measurements (IEC EN 61000-3-3)
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EN50130-4, Immunity Requirements for Alarm Systems

EN55014-2 Immunity requirement for Household Appliances, Electric
Tools

EN55024, Immunity requirements for Information Technology Equip
EN55103-1, EMC Requirements, Emissions and Immunity for Audio,
Video and Entertainment Lighting for Professional Use
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EN61326, EMC Emissions and Immunity Requirements, Electrical e
Equipment for Measurement, Control and Laboratory Use
EN61547, EMC Immunity for Lighting Equipment e
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IEC 62109-1 and IEC 62109-2 e

ANZS 3100, (may also include AS/NZS 60950 if Ethernet or comms e
circuits are included)

AS 4777.2and AS4777.3 e

IEC 61727 Photovoltaic (PV) systems — Characteristics of the utility e
interface

AS/NZS 60529 (Ingress Protection) for water and dust e

AS/NZS 61000.6.3 (EMC Emissions) for RCM e

Electrical Safety Approval Certificate from ASA (Australian Safety e
Approval)

ACMA RCM Compliance Folder and sDoC e

Listing with Clean Energy Council and Western Power e
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IEC 62052-11

IEC 62055-31

EN50470

Europe’s mandatory Measuring Instrument Directive
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Full Load (or Back-to-Back)

Heat Run

No Load

Light Load

Direct-On-Line Starting (DOL)
Load Duty

Dynamic Performance

Noise and Vibration Measurements
Functional Tests

Protection System Tests
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Conducted emission measurements

Radiated emission measurements

Power disturbance measurements

Current harmonic measurements (IEC EN 61000-3-2)

Flicker emission measurements (IEC EN 61000-3-3)

Complete type tests of switch disconnectors, motor and control switches
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and fuses

Tests of characteristics of releases, bimetallic overload and
electromechanical relays

Tests of characteristics of vacuum switching devices

Tests of characteristics of electromagnets

Temperature-rise tests of switching devices, switchgear, controlgear and
other devices
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IP (Dust and Water) testing for outdoor or special use luminaires

IK (Impact) testing for vandal proof or industrial type luminaires
Vibration testing for street lights or industrial type luminaires

Street Lighting to AS/NZS 1158.6 including Vibration and Wind /
Impact ratings
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