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ABSTRACT

The development of an electric vehicle battery charger and application of
electric vehicles in the microgrid system is presented in this thesis. The researcher
created an electric vehicle battery charger that uses a frequency pulse charging
technique to charge the battery faster than conventional electric vehicle battery
chargers while also lowering the temperature during charging to extend the battery's
life. There is an extension of research by developing a commercial battery charger for
electric vehicles with the Multi-Standard charger and simulating the application of
electric vehicles in the microgrid system using the program MATLAB/Simulink. The study
results in each section are as follows: the developed frequency pulse electric vehicle
battery charger takes 15.8 minutes to charge an electric vehicle battery in the 20%-80%
SOC range, while a typical CHAdeMO standard electric vehicle battery charger with the
same power rating of 50 kW takes 22 minutes to charge. According to the test results of
the Multi-Standard  electric vehicle battery charger, the frequency pulse charging
technique can reduce charging time by 6.2 minutes and charging temperature by
0.21 °C. Apparently, the developed charger can charge up to 16 different types of
electric vehicles that have been tested, and it has a central protocol that is simple to
communicate and manage in the future. According to the results of simulating the use
of electric vehicles in the microgrid system, the uncertainty of renewable and
alternative energy sources, changes in load power, and the use of electric vehicles will
all affect the frequency of the microgrid system. The proposed adaptive PI controller
can effectively control system operation while maintaining system stability. With
uncontrolled microgrid systems and fixed Pl controllers, when a change occurs, the

system's frequency oscillates quite high, and the system will eventually lose stability.



AnmnssuUsznIA

a a s 9 A o 5 = v
Anenfinug 1509 MsiawLATeEnUsERRUAWeTTaBudlNuasAnwINTUssEndlY
usasudtniiluszuululasnia dusegarsdiefsiiennudiemaowazauniunein
el = a ¢ o = ¥ o ° 1% | A Yo ¢
919138MUSNY ALAT.ESUNS Adlos Fwiulalvauugdy lianudiewie TidUsnw wag

Tynsatvayuludiumie 9 naean1svinnwide wavvevauam A 9 Hee q luiealfumng

'
a =

amsszuuliihdaaieznnauiilinistismaslunsyihnuideiluedad

¥
a Va v

WANINULITUADIVDVDUNTEANNBINUNNTITE Wt wazudnnssu veensiin

dauginim (nvln.) NaduayuRunuuazvveyalunisyinide wavveveuruMTATtUALLIN

v
A o 6 o &

eyl inusidnsagallamen gavine

[

= o

HINVINYBNTIVVRUNTEAN TA7 115AN

Y

'
o =

< A v a Y =1 Y] Yo o @ 1 = i &
DULUUNANININTIVDINANNT O VL@L@SQ@LL@S@U?&JGQE‘?@UQQ@VHLUU@EJ']\‘]@ wiounslilona

Y

lun1sfinwregraiud Wui1ddlae hrnudiemae wazlid1uinwilunn 9 duausun

v |

AABNIUATUID1NTEMAITNI NNV LA IAIYIALSHaE1enanUseaun1salnaA L

Y o [

i1 A sEANlunsEAMLAZNTIVYBUNTEAMIN Al il

=3



ive

UTIARUD oo e e e e s ee e sen s |
ABSTRACT .ottt ettt ettt ettt ae et teneneenas Il
B N TTUUTEN oo Il
ATTUD oo \Y
ATTURUNTT N oo VI
BITUYTU- e erimmescese e ssssssesese s vill
UTIT L UV Yoot e St 1
1.1 AU MAETIVVOITOUN, .ot 1

1.2 SAQUIEAIRUDIITUITY oot e 6

1.3 YDULYALAZUDMAUADDIITUINY ..ottt esee e 6

L U OULAY S TN o et 6

1.5 U5 LT T U IV oo ettt e 7

1.6 N3TALASIEE VO W OIAEUTUITE 8

T A Pailftibaiaia\an ) /0O \[ /el S 4N 8

UNTE 2 350N TIUTI R U et e 12
242N Sl ... MO b [V dd..... o o o . 12

2.2 mmgmmié”mﬂizﬁy,wmLma%'iaaum”mﬁw ........................................................ 12

28 PG CHASENONN (B (e 3 2. M. Ol 12

2R ZUIRU ARTIDOR. ZQ A a0l oo 22

e N T ) R OSSR A o O, AN o S 25

2.3 mmgmmsﬁami OCPRM. QIO . 28

2.3.1 MTAOATAIUINTTIU OCPP.o oo 28

2.3.2 FumeuMSUE 0 duv8s OCPP SErVer. oo 31

2.3.3 TOUAYDI OCPP SEIVET.....coroererecrrserrsmenssnsessessssers e enes e 31

2.3.4 imazLmsumsﬁwmwuaqmmgmmi?iamiLLUU OCPP...oooorrrcie. 32

2.4 N3AIUANNITINUVDITEUULIIATATO oo 37

2.5 UNBATU. e 40



#1508y (@)

ive
UMl 3 MINAATDIAUTEUUAADITABUAIIN. .o 41
B UT e 41
3.2 WATANTSAUTEQUUUTAEALD e 41
3.3 YANAADULAS DITAUTLQUUUNAAAVARUNU. ..o 44
3.3.1 M3daesnmsdauszquuuiadanuiselusunsunoufiumes. ... 44
3.3.2 \A3098AUTEQUUURAAANLAFULUY. ..o 46
3.4 1AR09TAUTLQUUAADITABUAIWAMUURAAANND 49
3.4.1 M3PNUUUIATRITRUTEIuUAmEITas Ul uTadand ... .. 49
3.4.2 1asthdiuas Mo ureteiosdaussquuamoTsoeud WLy
R NS = R Sl T NN 51
3.4.3 MidaeIMsvhnuLeTessaUsQuUAmeI sl uyuWad
ARSI THADNRUSDT . e 56
3.4.4 \p3esaUsEuUAEIsBuAlIT LU UWade AR LU .. 57
3.5 MviadeulATeIsAUsTLUAREIsnsudliuuuTda N Es UL .. 61
3.5.1 NANNINAFDUNNTADA1IIIAIFIU CHAEMO woiaTessszq
LUARETT0EUA LT UURARAVBARUUU. 61
3.5.2 HansnAaoUNTIny sz U L3 ssny sEquuUALn o3 sneuslHi
MUURAAAIIAFUNU Yoo e 65
3.5.3 MIUTIUTIOUNAN IMARBUNTEAYSTUUALMBI T NAT 05N
Usgquunineisnsudliihuuuiadaadiueiesdnlse
MUAETOUAIAILY e 68
3.6 UNETU... o OB L 72
U 4 1A30I8AUTEQUUALIBTTEUA LT UUMANENIATT M. 73
B 1 UTIH Leeeeeeeesesmssssssssss s 73
4.2 MIvenUUUANALAsS AT UUAMEI T BUA I LU U BT ... 73
4.3 M3ldnuATeIdnUsEUUAABITABUALNTNUUUVANBLATE ... 80
4.4 MIVAABUATEISAYTTUUALABITABUALTNUUUVAN ILNATE .. ... 84
.5 UNMATU. oo 93



#1508y (@)

ive

unil 5 MaUszgnAlFeusooudl i TusEuUllATNIO. oo 95
5.1 UM e 95

5.2 M500NUUUFAUATLTIUSTUUIIATAIA .o 95

5.3 NMIASLUUTIABITEUURITATNTO. oo 96

5.3.1 s3UULTATNZATIINAGOU. ..o 96

5.3.2 Ao AATUTLTZUULUTATARO. oo 99

5.3.3 An151iwesee q veasszuulilasnsedldluntsAng 101

5.3.4 geue Pl Controller AAUMSENY. e e 103

535 $ane3suMIAUARLUUUSURLSTUNAUD .o 105

5.4 HAN13318INTAIUANNTVINNIUYBITEUULLATNFA e 107

b UNATU.... Ad =T KA R/ L NN L AN 112

Uil 6 agUNaILATE TOIAUBILE WALUAIMASANTRAL. o 113
57 FPopeiassiaien ) /- A0\l B e (.. 3 3R K. 113

R [LVG IPETE CTA Yo} g Ny Lo i s e rees S OO 115
170 1% g0 It N | 20000 WX SRR A</ g\ | ASui TR 4 S 116
ANANLAN SMATOAFFUR ARG e 121
Use TARBY D O XL D) S (B (XL N e o ol 146

Vi



GUEIGTIRERR

o
ATTNN

1.1 sagualrlinnldusnisannddauszauunnasvas nin. Tufousanau w.e. 2565...
2.1 ID number 9044A3898AUTERLUAADTUALTDEUALITY...oooooee
2.2 Welpmeanldlunisdeasansaeudlinludunsownuss Quuames.......o......

2.3 Wslpmeanldlunisdeansainiasednussguuames ludasaaud i ...

2.4 puduRusSsErIeeAnua U Ul fuanseualninve w09 nUsy

>

HUALABTTOEUALNTNATIIU AC TYPE 2o
2.5 fin PWM LLaz‘U%N’]mﬂizLLﬁiWﬂﬁﬂ@ﬂLﬂ%aﬂgﬂﬂizﬂLLUMLW@%NW@ig’]U AC Type 2...
2.6 amuzmiﬁwmummLﬂ%ﬁmiz@uumLma‘%lmmg’lu ACTYPE 2.
2.7 FUMUUMSADANTTEINT0EUR A ULA D I8 AUSERUOILARLINATEI Y.

3.1 W15HwesNLElUNTTI09M IV NUNTEAUSEPMUURRAAITLD oot

3.2 m3tUSeuiiumaniuetdnddiuning o 1891935R0UNIR SN TUUANEBUNA

VAU WINAVIAWUY 6 Wad 12 Wad 688 18 WAF. oot
3.3 TauaN19NANATDLATEIBAUTE QL UARNDTUUUNBAAI U oo
3.4 Toyan1avAtareuAIeIsaU sEAUUAWMEITOEUA NN e

5.1 AT VRO TUBITEUURATURR v Leeomrssresecnbone b e st b erere o st sttt

Vi

N
3

16
16
17

24
24
25
27
45

54
59
68



GURVaT L

SUT Wi
1.1 Srnusosudlnlihiilduinisaonilsauszquumneives nvin. T we. 2564......... 2
1.2 $runusasudliidlduinsannildnuszquuamoives nva. U w.e. 2565....... 2
1.3 eldanmsliuinmsanildnussquuaimeisaoudlniives nvn. 1wl we. 2565 3
1.4 szuulwihadelnildndanunauunasiinsldanusaeudlnin. ... 5
2.1 W8Sz UUAEITNLUALNTATIIU CHAEMO. . 13
2.2 Medleurov0ssaUsUMADITAEUALITNAATEIU CHADEMO .. 14
2.3 Fupoun1sdnUszquuameIsneudlifns s CHAEMO. ..o 14
2.8 ANTADANTIIITEUY CAN....oove kit 15
2.5 H8nUsEUUAABITOUAITNIIRTEN AC TYPE 20 22
2.6 1IANUALNTIAUSLTUUALADTAIATFIU AC TYPE 2o e 23
2.7 sz UUAABITNEUAIITIMUY CCS COMBO.. e 25
2.8 BingCorfRChfr (hmim@ QB0 7Y [ 4k \ S0 R o . .. A N 26
2.9 2ATAAUANNNTINUBUY CCS COMDO. et esiess it s ssssseses e sseceeees 27
2.10 syUUNIARaITMUY OCPP m@ﬂﬁﬂ’]ﬁﬁﬂﬂizﬁ}iLLUG\LGIE]%’iﬂEJUGﬂ,WﬁW .......................... 28
2.11 SEUUARES YR IS AUTEQUUAROTIOBUAINA e 29
2.12 v-ﬁ’wéi"qmﬂaawﬁé’mﬂiz@maumﬂlw%maﬂisw EOOP. AN ... .G 30
2.13 ﬁ’]ﬁl’ammzuumuqudauﬂmwaﬁzw QR ol o B 30
2.14 Sequence Diagram BufunisvnuveariessaUsquuameisoeudlnii.. .. 33
2.15 Sequence Diagram (ulagmngan1snssntszauumneslagld RFID Card........ 34
2.16 Sequence Diagram (3UMAZNEANNTNTEAUTT PUUAABTLOUTIM ..o 35
2.17 Sequence Diagram LémﬁUﬂﬂanﬂﬁaﬂﬁaé“ﬂﬂiza;mema‘éiﬂauﬁlw% ................. 36
2.18 szuulihiifinisuszendlindsumauyassooudliin. ... 37
3.1 mavhauvesnaslulsaglvumveavaianissaszuuuiiadanud ... 42
3.2 2995714 lUN591809M TS AUTEPUURAAANIN .o a4
3.3 2T YYIUATUANETATITRL e a4
3.4 HANNT91009N1TEAUTEPUURAAAMUAFULUY. .o 45
3.5 FEYOUUTUBINTINE. oo 45
3.6 NFEUATIARUF AT INYOIUIDT oo 46
3.7 YANAABULATBISAUTLIUUAABINUUNAEANAFUNUY. oo 47
3.8 HANTVIAABUNIVINIUVDIUATEISAUTTQUUALMBSLUUTAAANLARULUY ... 48

VIl



(%4 1
d13ugygu (ad)

U7

Y

3.9 1A5985194A3098AUTEUUAADITTOBUR TN oo
3.10 1993LAT0ITAUTLIUUUNAAAIIUDTLATIINITOBNMUY oo
3.11 1993ABUNIRSWOTNITIUAURTITAUTERUAN BT AU ITwuuTadALA. .
3.12 IuAN1SYNUUBAAT I AUTLIRUALN BT IO UA A UUREEAIIND. oo

3.13 a0ugn159Nuns 3 Inuavesnsenlseuuamessasualiihiuuiad

3.14 ANUFURUTTENINLUNANUAMIITUATUOBN (VD). s
3.15 ANAURUEIENINLUATUAINTEUEIINIUBIDT. e
3.16 29sTldABIM T veNeToaUsTALUMABITasuA T uUWadA LA ..
3.17 nszudbiiiuazussiulyihilfainnisiaeamsihnuedessaussquuaine’
SOOUALITMUURAERA MR- o e e
3.18 nszualihiisumienihenaseiessausrauunnessaeudlifiuuuiad
AR nEEE GO -V e, . ) Fo. k). 2.\ ...
3.19 In30dnUsEauUMADIT0BUANTLUUTAAANMDBRIMUY. o o
3.20 dutszneuiidifgueseiosdaussuuameIsasudliiwuuiadawRduLUY
3.21 lngsunsunisiauvenaiesdasz uumme Ik URadALARILUY . ... ...
3.22 dyanaunsmaidendeluslaneassvinsfsasudlwihiueiodnussq . ...
3.23 MINUVBIFYYINA 9 MIHUINTFIU CHADEMO ..ot
3.20 MIVARBUALIUADUNTENYTLUUMABITOSUAININ. ..o
3.25 wsssiliihuagnszualyibluluaanmssaussquunneiuuuiadanuivag
TG T A s i Ao
3.26 Ml lulnansdaUszquummeLuuiadaudtenssualniai. ..
3.27 waaulnlilulnaanssaussquuameTuvuiadauivisnseualiiinned. ..
3.28 ussilnihuaznszudlyiilulvuenissnussquuamesuuuiadauitos
MSIULITNAGT e
3.29 fdslilulvunnssauszquummelnuuiadanuitiussiulalinaed. ...
3.30 sl lulnuanssauszquuaneiuuuiadanuiviaussiulniasi. ...
3.31 1A3098AUTEUUAADINUTIUALANATFIU CHADEMO .
3.32 usslwihwagnssudlninvaz dauszquuamoiveeiosdaussquuanos
FOOUALIINITIU. ..o

)7y
49
50
51
52

52
54
55
56

56

57
58
58
60
62
63
64

66
66
66

67
67
68
69

70



d15Usy3U (si0)

SUMN

Y

3.33 MAtlWivaedaUsEauunnesraRAIInUszuuanassaeudlninialy........

3.3¢ ndsulniinvardU TR UnN a3V AT UTERRUALNDI T U lNTTIALU. ..

~ a o Ql' i 4' o z:{'
3.35 LU?EJ‘UW]EJ‘UN@ﬂ']i“V]ﬂaE]‘Uﬂ'ﬁ@@ﬂizﬁ!LL‘UWW]E]iim/n'mLﬂi@\‘]@@ﬂﬁg"g‘LLUmLﬁai

soudlwihuuuiadaudfueiessnusyauunmeisosudlvliiily. ...
4.1 msoonuuulnssaaAIosdnUsEuUAeITEUA WILUUAN IR IY. ...
1.2 wazBunlasiainansosdnusruuAn oI saeud LU UANBIRTE Y. ... ...
4.3 TUALATEISAUTT UM OUALYITNLUUMAN UL NTE I
4.4 siuIvANLAaYdmTe AT TEARUMADITABUATWIN Lo
4.5 MINUVBNTTN8U AT AUTEQUUAADTIABURIIA...
4.6 miilszﬂa‘uLLazﬁugﬂm%ﬂé’@Uixﬁgmemaésaauﬁmﬁw ............................................
4.7 mMsusenouTudIusng YoaiaTednUsElummaITosudli
4.8 n13UsenoU Power Module ﬂJéNLﬂ%@ﬂﬁﬂﬂizﬁgLLUG]LG]E)%OEJUGTIW?N’] ........................
1.9 MIUTENBUNIIMUANTDUATEIBAUSTUUMABIABUALI.
4.10 M3UsENeUaIAIeNATa AUTTILUMABTTNUAIN. . L L
4.11 \rosdndszuunmaosudliiifasedeudoamseun sl .o
1.12 W99N5LE0NINATE TN TEPUTEQUUASI. ..o ol
4.13 VNFOUIINITAUNU RFID CARD......ovieeebirsisastenrees st it sessssessssebbosissnnee
4.18 QAEUNY RFID CARD UBNATOTIAUTE .ottt
4.15 viheeuansan Uz Iz sAUsE UUAMBITnBUALYITUUY AC Type 2. ...
4.16 wihaoLansanUr YL SAUsELURMeI0BUALITLUY CHADEMO. ................
4.17 i 98uANSARN UL YRUESAUTEQUUAADTTABUALITINWUY CCS

4.18 NINAABULATBITAUTELUALROITAUA A TULUURNEUINTTIU oo

4.19 NMIVAADULATBITAUTLAHUNABILUUNAIBLINITFIUAUT 8 UALIHN

BIMIWAIBX et

4.20 NINAADULATBITAUTTILUAADILUUMANENINTT LU ALY

4.21 NMINAFDULATBITAUTTILUAADILUUANENINTTIUAUTa ALY

AU I E =T 0N ettt ettt et e ettt e et et e s eeae et e e eae et eneenn

4.22 NMINAFAOULAIITAUTERUUAM BT UUNAIBUINTFIUAUTOEUA LT

POTNE TAYC@N.c..ttctieie ettt

PN

70

72
74
74
75
76
76
7
7
78
78
79
79
80
81
82
82
83
83
85

85

86

86

87



d15Usy3U (si0)

UN PN

€aN

4.23 mswmaauLﬂ%@ﬂé’ﬂﬂisgLLUG}Lméﬁ'LLUmeammgmﬁ’maauﬁmﬂﬂ

VOWO-XCAO. ...ttt 87
4.24 mi‘lflﬂﬁ’e]‘uLﬁ%@ﬂﬁﬂﬂi%‘qLL‘UG]Lﬁ]EJ%LLUUM@’]EJQJWWE’]U?TU%ﬂumﬂl‘lf\lﬁ’]

VNt et bbbttt b ettt et et b s b sbeteete et e s et eneeneerens 88
4.25 ﬂ’]i‘l/l(ﬂﬁ@‘uLﬂ%ia\‘ié’ﬂﬂigﬁ;LL‘UGILG]@%LLUUM@’]E’J@J’]G]ig’luﬁ’Uﬁﬂ‘c’JumWﬂ’l

TESLA-MOAELB.......o e 88
4.26 ﬂ’]i‘VIﬂﬁ@‘ULﬂ%a\‘iéjﬂﬂizmwmLM@%LL‘UUM@’]EJ&J’WWiﬁ’]uﬁUﬁﬂﬁJuGﬂ,Wﬂ’]

Tesla-Model€ ... . NN L/ e e vvesesrsnrssssseasasssens 89
4.27 mi‘Vl(ﬂ?lEJ‘ULﬂ%@ﬂﬁ@ﬂi%ﬁf\!LL‘UG]L@@%iLL‘U‘U‘MmEJﬂJ’]GﬁgWuﬁUiﬂEJuGﬂWﬁ?

KIA-JOML...... oA B B F o e e M N 89
4.28 MAVAABULASISAUSEUAMBILUUVAN BL M TE LA UTLUA LI

FfURea-Keho. om0 2207 [ Lk \ S P e e RN 90
4.29 miﬁ/lfﬂa’e)‘uLﬂ%‘laﬂgﬂﬂizf\gLL‘UG]LM@%LLUU%@WSMW@?EWUﬁUiOEJUGTIW‘WW

AR O b AT SWANAASRY W o — Y - N B S 90
4.30 mi‘maauLﬂ%aqﬁmﬂisﬁgLL‘U@LG}EJ‘%LL‘U‘U‘VIawmmgmﬁmaauﬁlv\lﬁw

MGSZAS....... . AllA 7 N QOO N 3CERED 1. 77 Al & G 0 91
4.31 MavadeULAesdaUsuUAIIeTLUUIIBLNAT U UTEUA LI

Nis§arLEuf20 187 LN, A\ .. gm®. S Aoy SR 91
4.32 ﬂ’ﬁ‘VIﬂﬁE)‘ULﬂ%ﬁ]\‘i’;}}ﬂﬂizﬁgLL‘UG]Lm’e]%‘lLL‘U‘U‘VIa’]SmﬂmigﬂuﬁUiaﬁJumﬂlWﬂ’]

MitsURSREEY 0Y.......... ™R N A0 oo d N0 ool eenenereasnnenes 92
4.33 ﬂﬂivmaamﬂ%imé’mizﬁ;LLUG}meﬁlLLUU‘meJ;Jng’mﬁmmmmnl‘vdﬂﬂ

BYD-E6...oooe iy N OO LGN e 92

4.34 NSVAADULATBITAUTLAHUNABILUUNAIBHIN IV UALIHN

FOMM-FOMMONE......ociiiiiiiieiiietetee ettt 93
5.1 AIVIUUBITEUULUIATATO oo 96
5.2 S5UUATUANYDITEUULILATATO oo 97
5.3 UAONTRATULAL SR IUVBITEUUATURAL oo 100
5.4 FANTUYITEUUNIIARUABTUWGUD. ..o 105
5.5 FUUSALHUNNAABUNTNUYBITEUURTURL e 108
5.6 HANTINA0INITYNUVOITEUURIATAIATRNE Yoo 110

X



#15UsU (o)

SUT Wi
5.7 Wisuifiguan Pl vessmuauiuuyiusldiua Pl vasiinuauuua. ... 111
5.8 JULUUMSURA MU 9 TFIUTAAY 111
5.9 wansynuiiAnduiuszuulalasniaarnnismiseaalugUsuuing 9. . 112

Xl



1.1 anudunuaziunvesdym

N15ve78fve Nl adkazN1S Ul 081999AL5I0901AgRAMN TN 9 Tu
Uszina ilivsinunisldsnsuindsnulifiingadtuiasnsudlain (V) uazsoousdli
U&n-3u leusad (PHEV) uananil ulsviensanauuasndnduieatunisldsnsudludi
uagnsifiuduiuanidsnuszaiunmesosudiiihvesiguiafiiudniadovdeivinlid

s A

USmnanslsneudliinfuannduse Tnefiaguszasdiftoanyinnanisldndenuriy
domAmeadafiasauns antlmainduiiy wavaseimalidauamiiity
Mnmsanudeyasiuiusnudlifivesgniiamefeulduinsanisausyy
wumnedsasudlniiwesnisiwfirdiugiinne (aln) Turast we. 2564 Wisuiieuiud
A, 2565 wud Uinaumsldsnsusliilud ssndlnedindui 5 wih Taelud ne. 2564
flsnoudlwiiidugndives nln. vuaysvanas 1 uiludy @eyateusmsuiaiou
Tueu . 2564) saanslugU 1.1 wit wa. 2565 Sldsasudinihidugniues nvin,
fevszanas 5 niludy (Teyaireudunaudadiounainu w.e, 2564) fauandlusuil 1.2 uay
defnsangeldanmsliusnisanddnusyquumnedsosudinihuas niin. via 73 annl
vhdszna Tl ne. 2565 fauidouunmauaudadeusaneuduanduzufl 1.3 nud nwn.
f51eldannsliuinsanisnUsequumneitg 9,329,629.80 UM tuvLEAINI
Uszrnruidslianuaulasagiuuldsnsudlainiiumntu fufu nsduannisauseq
uunmeIsasudliiinasnsiaL AT e AU uUAMES AT SnUsEY IR 19T AT

Wugeddglunissesdunisitdausasuainiluauian

o

dethdeyaiiuiusasudlifinilduinisanfidndszauunmaives niin. lukau

ANV W.A. 2565 31U 55,541 Al U1AATIERRAE I UNEDVRITDEUA T WU

1%

sosudlihnunldusnisanfidnuszquunneives nvln. fu1ndia 20 Bve wasdeliglddndu

Y

wianlulaseyvievessasudliiin andviowasjuvessasudlniniuansineiu doudemali

9

W3 uluN1TERUsERLUMNOITAUA LT TAUA LAY LATBITAUTEQUUALABTILUY

Multi-Standard Fsiimnumsngauianadmivsassunisldausagudlninludagu



(AN)

60,000

50,000

40,000

30,000

20,000

10,000

CaN
(=
=2

(Aw)
60,000

50,000

40,000

30,000

20,000

10,000

urusasudviiamzadeudugnives nnn. U w.a. 2564

13,670
10,792

-

8,918

r s

. ]

-

(AR

- 5 _—r |

We8Y NA.2564 NHAIAN N.A.2564 Tnueu w.e.2564

1.1 Pwusasud i ilduinisaaidnuszanumaoives nin. U w.e. 2564

Smausnsudlviiiamsdoudugnves avin. U w.a. 2565
55,541
52,532
47,184

oA n.A.2565 NUYIEU N.A.2565 naNAN N.A.2565

5UN 1.2 usasudliihildusnsaniidnuszauunnasves nia. U w.e. 2565



um
1,400,000.00

1,200,000.00

1,000,000.00

800,000.00

ar d
glinnmslivimsamildauszquuanaivas nun.

1,309,189.71

586,920.47

600,000.00
400,000.00

200,000.00

N

5
&

871,346.29864,838.64
T75,297.45
591,666.60 576,461.11
506,338.20
432,839.79 450,143.51 l
&
& g @ S &

& &
) 203 o o N &
& N P & A

sUN 1.3 s1eliannnisbivsnsaaniionyseauunmassogudliniinves nua. Tul w.e. 2565

M19197 1.1 segudlniinldusnsaniisnusauunnaives niln. ludousaiau w.a. 2565

Srrosaeudluil I (AW) Srtosasudlyiih U (Fu)
AUDI 168 MIN 350
BMW 1,427 MITSUBISHI 371
BYD 424 NETA 350
FOMM 120 NISSAN 651
FORD 23 ORA -
GWM 3,533 PORSCHE 545
HONDA 145 STROM 71
HYUNDAI 155 TESLA 1,140
JAGUAR a7 VOLVO 1,226
KIA 23 other 3,054
MERCEDES-BENZ 202 laisgydvie 34,126
MG 7,390 39U 55,541 A




\A38I8RUTERL UMM TaUALNTNILY Usenaudisu1nsgIun1senussquuaines
soeudliniln 3 1193gu taun 119357 AC Type 2 1195574 CHAJeMO wags1nsgiu CCS

fauddn szimsimuaguuuulusiareanasdmsuinIesdnuseauunineIsaeuntnii

[

nanLATeRUsERRUALeIsasud luiawmanazliUailandunisieansuseflandunis

ey

TFuse 4 nnidvesaaisndszanunmeisasudlnideanislidauasdesderilddng

[ Y o w

AUsEguUAmaITaeuAlnil Aemll Jadudedndalunis

9

dinlusa gl nanaIes
WAILILATNITUTNIIIANT 1n8ALQNHNUINANENEAATOIBAUTERU UMD TTOEUALNHY
& & d' Y ai s Y a U a
Wt uand1nil nTesdnUszauuninessasudliinvesindnsig 9 ddin1seanuuy
lasaine an1Unenssussuu wagnisdeansteyanlimilouiu yiliasesdnuseauunnes
sosun b luaansadearstoyanuandaiuaunaisld Ay Weniswmuiszuulaseig
n38nUsEwuamaTsaeuAliiiluawan ia3eBnUsELUnmaITasuAlninTansiisuiuy
dll g a o IS IS 1 = ¥ ] | %
nsdeasnoedaivlusineeanarinaziinudaveulunisdeanstoyaas Menan1siaun
wagwandmsunstidnuiussuuliihvessemelng

a

szuuliludagiuiidsgniaunliilussuulwiwuudaases (Smart Grid) 7

Y

411150AUANKAZUIMITTANITNA Ui ldag 19liuseanSan iadesniniazianiy
undaie MHvaluladarsaumelunisdears nudeys Juiinug uazuanna uonand &l
NS BUABLNAINANNSE LA LA N WA UN AN ULATNEIUN WA bTU NAI9UY
WAIRME Lasnduay Wusu 1aRannIsNaanIeua T IA e NS 1T UN AN ULAL AU
a a = o o Lo = v A a A Y ' Y]
maden Ae Wundinuarein Wulinssediwindey legniusssuyd alduyuingsa
Wowae wasdrvannisuassftwaisusulasanlanainnisidideamaansadalunisuan
nszualiihdadusumelifnaniiglanseu [1] uwideidevendsnunawnuuasndsany
maden Ae Aulduueulasliainauevesuramnasu Juilinisauaun1sued
szuvlniNaudaduunanannszhaliiiannndsunaunutazsnasauniadsniduld
fEANNLINAIUIN IneRnzszuU T Adaumna UL aINanN T La bNHINNE I UNA LN Y
o = alld 1 a o 1 v o =
uaznasunIsaendauinlnguaziisiuiunin orvdwmalindsnulvivesszuulwiing
a ' v A o | | a a |
Mswasundasagnaiuiinule dmansenusannudvaassuulni (Audwn9) [2] wasuin

mnruanntdaulussuulihlifivssavnsamiismefonwiilvssuulnihgadeaiesnm

wazinmanisadlnaule dedu msasuaunsinuvesssuuliihadelvddsuanddusi 1.4



Nuclear Power Plant

Factories Thermal Power Plant

Hydraulic
Power Generation

Houses _ . = 7~ _ Distribution Station '/
i m: -T T
i =
! j - =
W -
Transmission Station

o

Solar Power Plant

b Y

Jrgpand OfCSS Electric Vehicle

Wind Power Plant

UM 1.4 ssvulnihadslmiildndanunawnuiasinislidausasudlnin (3]

o

Fadudsdfyeenade msglliiios Al kUL UYe W E NG M UN AU LAY
madon uwidsiinaendeiulrandu q uaynisdaUsyquumaeingudlniilindsauy
Iylihreuisnnuazsisnnmsiasuuasemdsaulnihegadundy
instepdinamnil lihesdudememnlduuinaunsldsasudliindifiude
nsimLLAs e ssaUsTquUmme3 AN sasaUszeldedssansulosessunsldausaeud
Il luounan 1nasgrunsEnsEquUmmedsasusliihidauuAndeTuve ssaeus i
Tuusiazdvie waznsldnusasudlniiuszuulwihadelmifiinisdendetuunawan
nszualwihinndumauuiasndsnumaden fou TusmAdedfsfiauefoiuns
famna3esdnuszauuaneIsagudliiuag@nvanisuszendldanusasudliinlussuy
lulasn3n lnglsvinnnsAnuiieafunguinissnussquuninedsasudlnia vinnnsiamn
\nTesdnuszauunneisnsudliinlagliinedanisdnussquuuiadanuiiiannsadauszq

o [

LURABS LTI NATBISAYSERRUAmeIsnsudliiiilUuavangmgivaeyinnisdnuseq

a v a a

Wadneiensldnuvesiunmed Aeganiuidegdilitmdvdiensiauiaiednusey

LURLADITaEUAlIAILUY Multi-Standard ieanlaviAnuwans19eemInsgIun1sanlsey

9

wUMMEIVDITNUA T uAazEve waryinnsAnwinsUssendldausosudlninlussuuly

1ATNIAGIENITOBNLUUAIAIUANKUY Adaptive Nanunsausum Pl le eseasidunvianuad

o

nanutazaninaustuaisusaly

Y



1.2 I99Us2a9AY0991U3
1. iiefnwmguiuagndnmevhinureaniesdnlsyauunneisogusdinii

[

2. WeWmuATedaUszauunmeIsasudliiuuuiadanudlivaunsasauszla

[

pg1umInia Walsuiuiniesdausyafidmingluviosmaraifitaiddlniiyiniu

3. lleWauuaieenITedimndudmenisainaeiednUstuuameisngus
Inliuuy Multi-Standard dv3uandamAnnuuanenawesnsguNTEnUsELUAASINLY
Tusogusdlifiusazdie

4. WeAnwimsdszgnaldausasualiliilussuulilasnia

1.3 YULUALALYRNINUAYDINUIY

1. Anvinazesnuuuaiiuaisssnuszguunmessngudliinuuuiadainudvung
Adslilh 50 kw A819899uu19 551U CHADEMO Madouns¥iany wagsuiiisudiu
Lﬂ'%laqé’mﬂiza;LlfumLm'eﬁ'iaaum“IWﬁﬂﬁalﬂﬁﬁuwaiuﬁaamawm

2. a$1003098nUTEuUAM B3 T0BUALNHILUY Multi-Standard 71UsznaUsae
WM3FI4 AC Type 2 1195571 CHAdeMO wagd1nsgIu CCS uasnAgaun11I9uaseiu
saoudlylihdviosng q ldailutiagiu

3. Anwinisusgnsldausasudlniluszuululasniamenisitaomendinaans

Inglalusunsu MATLAB/Simulink wagiUSeuiisuranisvinnuszuululasnianldmaiuny

WUUAT Pl Asi fmauAnkuuUsu Pl e (Adaptive) wasuuulidiisiniuay

1.4 Tumeunarissfiuau

1. Anwmndeyaiifetesivanide Auvestamn uazuumnansudletaym Téun
mMsfauedessnUszquuameilviannsadauszglfodnniuiiosesiunslinusosud
I luswan JgmiReaiuninsgiunissaussuumneisnsudliindfiannuuansiaiu
vossnsudliinlunsazdvie waznsldrusasudliihdussuulwihatolmiffinadeuderiu
wasndnnseualiiannasunawIULaE NI UNIRGeN

2. AnwIndnn19YnULAZLIATFIUNNTSAUTEIUBAATRITAUTEQUUALADI SO UA

i wagnstarusasudlnilussuululasnsa



3. Anvimaliansdauszauuuiadanudfianunsasausyquuamesléisiniinissn
Usgquuaineiuuuiily

4. penuUULarSIaeINTT AT eadnUTELUAImeITasuA LT LU adAa1LA
Felusunsy PSIM iftefnwinisvhaudasiu

5. a$aaIesdnuszquuamedsosudliliiuuuiadaudduluuuagnaaaunis
uaseiusasudliih

6. a$1ai3eadaUszuUAIAeITasuAlNfliLuy Multi-Standard 1iieldauluds
WdvduaznaaauNTINUITiusasud i

7. Anwayiimginisuszgndldnusasudliiluszuululasniasnignisdnaeam
adlnmanslagldlusunsy MATLAB/Simulink wasiudsuifisunansvisnuszuululasnied
Tmuauuuue Pl asil fmuasuuyfud P (Adaptive) wazuuulsifimniunm

8. ayunaanidy Yavenadnulugiiuuunaadnmiaznsans wasdaiguidy

ANLNNUS

1.5 Uszlowiiiildsuanmside

1. 9 liiuasteyansidsasudlnihluysemelng

2 M5 1UNENNIMNNUTRLATIEAYTEUALADITBUALIT WazunRsgIUNITHa
Uizagmemémﬂumﬂlvﬂﬂmuu&iw 9

3. iAnesdnnuilmifsafunisiauesessaussquuamessagudlnliiuuuiad
AATIT093UN 158 AUTEMLLNATEIL CHAEMO

4. MsvigenIdTegilsndludsemsimuiesessaUsyquunnessnoudliii
LUU Multi-Standard

5. N3k WIINsUsgnaldausasudlilussuulalasnsauas nsiaunflendu

AMFIIUANS 9 LAY Wiesessunsidanuiuszuulwitlueunan



(% 4 dy a o

1.6 N159AlATSEs19vBlaNIN1eTUIUITY

NAIBIFINTNRIUIATRITAUTERLUAMEITosUA T sesunsdauiussuy
Inlfhadeludldwiaiiondnng 9 sendu 6 un Fanmsiuiomluudazunaiusauans
agiad

unl 1 dauaiferiuanuduiuaziuiveslym Tnguszasd vauwn Junounis
Atiunuy wazdselevunlasuainnsivy

- o a' ) aa a DY) awv Y v o B 9

unil 2 dnausifedtungudiiientesiuanuide lawindnn1sinnuresunsedsn
UszuuaneIsagudlniln wnsgiuniseadszguualnessasud lniwuunng o waznis
auessyuululasnie

N7 3 dauangIfuNITHAIIAGRIERYsE UL UAMaITaa U b uUTadAuD
AULUUTEN989m1U3I0551U CHAeMO Asusiintsiauituszauiosujuinisauduaiden
IesunuatiuguunsiTennuiisnuneuen

UN9 4 UnauaneINUATaNen U quunnaIsagudliiiuuy Multi-Standard &4
Jundadaaludamndednlasunisdosenuideannisimuin3esdnuszquuaines
sogualiiuuuiadeud

= o a 9 o a da

UN¥ 5 UNLauaii g ukuInIInIsAIuANN19v19Iursssuululasnsaiinag
Uszgnaldanusasualui

uni 6 dausinedfuunasuvesuide Usenauaie n1sajunauide
TDLAUDUUL haYIWINNNTNRUIADEBAIUITE

L

1.7 AAnWNdeu

LUALAE3 Ao gunsaifiussgndsauliilusuvesmdsauni ué
Fefundsnulnihnssuanssoantuldeu

seuulniingansuy fo  spuulasstngliiniduneluladdoasansaumen
uswiulussuulaida auisonevaueanis
Mulaegsrigaain Tivineinsdsvas uad
Usgdnanm

mmgmmié’mﬂizml,umma'% G mmgmmsé’ﬂﬂismwmLmaésaaum‘lvdﬁwﬁisﬁlvﬂﬂﬂ

sovuslniwuy AC Type 2 NITUAASU UVIaLUU 1 1Wd wazuuy 3 wid



UIATFIUNITOAUTZRUUALADS
s08UR NALUU CHADeMO
WINTFINNTENUTERUUALADT

S08UR ALY CCS

LAIITAUTELUALADTTOLUA
Tnifwuy Multi-Standard

A1580a15WUU CAN
N1SAIUANNSYIURUY
Usgau

syuulniasieluy

s lwiSiannsading
Pulse

PWM (Pulse Width
Modulation)

Actual Amps Value
Actual Voltage

o))}
©

o))}
©

mmgmmsé’@ﬂszmwmma%saaum‘lﬂﬁwﬁiﬁwm
N3ziansa TFuLuuMTiRINNUssInAd U
1195 IUNTE AU UALMDT T o uALNIA ALYl
nszuanss dn1sldausgraunsvane nstanizlu
glsUuazanigoLusn,
\3eadnUsEquUAeIsaoudlWinATINLnTgIUnTS
Sauszauummessasudliimansinassnlilueios
AU L1y 1Rs5IUNT8AUTEUUAMDITOUA
Inflwuy AC Type 2 105§ 1UNTEAUTEUUALADS
s08uUAlNTILUY CHAeMO uazu1nsgIUNITnUseq
wunmassasudliiuuy €S
sunuulslanoanisdeansiioenuuuaniiteldamdu
soeudlnily Jnensldaedyyindeansidies 2 ¥y
waglasunInsgnu 1S011898
n3AUANNITIIUI T oL Te et Ll
WAaINARATZLATNAIINNS I UNALIULAZ NS 19U
Meden waznslaaulvansig g vesssuulni
suulihiisinnsdnnisndsauegreiiusgdnsam 4
NSTENAIUNAUNULAZNEIIUNIULADN 11150
navausnglnaadldlniazaiudesnisidslnii
498n AnN15YIUINITIANITNECY 19U s0eud b
wazUiudaaiey dn1slruinnstarn1siiuRuLUY
greyaan aunsoiandnedld Jednlngasdulud
szuulnilhvuaan (Micro Grid)
Fulasundaulihldnutundunauunas
NASIUNIEDN
g‘ULLUUé’iy,fmmﬁ%ﬂumaﬁamﬁwdwmEJW“LV\IW’]
fULARISAUSEALUALADS
Fuarauvadildluniseasseninesosudlniiifu
\A309dAUTEgUUALADS TANANNAA uinLNg
yoamndaaunsardsuntasle
nszualvinldauass

wsemulnAn gL



Vehicle State

Ready

Charging

OCPP (Open Charge Point

Protocol)

DFIG

AC Line Filter

Power Fraction Correction
Inverter

Isolation Transformer
Ground fault Interrupter
AC Circuit Breaker
Multiples Converter
Phase Control

Rectifier

SCR

%SOC

Quick Charger

DOD (Depth Of Discharge)
V2G

Adaptive Control

Droop Control

GRC

LFC

PSO (Particle Swarm
Optimization)

AF

APp

3 DD 3D
© © (3

o) !
©

D) D D D DD D Db Db Db D Db Db Db Db Db DD DIDb
®© © ® (0] (09} © © ) ® © ® @) © () © ® ©

o) !
©

o))}
©

o) §
©

o))}
©

o))}
()

10

A0UEV09508UA LN
annuznsoulgay

[ Y]

Mas8nUsEuUAmeIsoeualnih

A | v ) I3 s ! 4'
35‘U‘Ua@aqiLLagaqu@yjavLﬂﬂqqu)W@]LLjiigw?qﬂLﬂia\i

[y

é’mﬂﬁsfgLL‘UG}ma‘%maumnlw%ﬁamﬁé’mﬂiz@ﬂmzw
AANIA Lﬁaﬁ’m'ﬁ%’mﬁuuazmema%’aaﬂa&ha 9 VAL
Tusnsgldanusagudliin
w3estialiiinndeniwuutouaams
AINTBINNUANTTUAASY
ganIuANsEUUmAAIilusaeualiin
qsasulaslwihnszuanssliBulninsyuaadu
niloudasluiuennsnig
Fmsandunsesdbitiisilusosudlyin
WOINALUININDSNTELEEGY
HITABULIDIADTUUUNA LB UNAVIAELDIVING
NNSATUANLUULIE

WATIINITLUA

dndiaslviames

AIAAUUALAES
nssnUsrauUAweTInEudlinuuUTIAE
syfunTUdeendsnulnivesiunnes
AsPewaUlninsagudlniAugsyuulnih
FIAUANLUUUSURILA

FIAIUANUAN
AanauaunIsHaanszualniuazAI5IsoUTes
w3aartialigi

fmuauailvan

9aNITUNIIAIVALLUUNGUBUNA

T a
ANDELULALD
nsasunlasniadtiinainnisldausasus b
N15HARNTEwaA N A1 1N wa5wad WaLNISHAN

AszaNHIINNEIUaL



APL

Nc
Hg,i
SG.i

Suc

S

Cz 8% c;
Upy

[_]WF

Actk

D) D) D) D) D) D D) D DD D D Dk Db D Db D Db D Db D) D) Db D) D D D2 D2 Db
() © © © () © ® (0] (03} © © ) ® © ® @) © © © ® © © © © © © © ©

o))}
©

11

mMsUasuwdasmudesnisidsluiihaadnan
AU RETBITEUY

fUITZNOUNITNUN
smnuedasiudaliiiiaun
ruLdesveasastialii
Ananaelniivesszuulin
Ananaslniivesszuulalasnia

AU

ANvtaLRaY

NAR9ATYUELIAT
ANFIUYDEBNITNUTTTUYIA
ANANUASIINYIR (rad/s)

V-1

Jwg

ApeAUFTRANS

ANRANSUNS B AenTing

AeAsAE AL
snnusosuslnisrmnidensdeluszuululasnie
FLaUTINIINE (0 3o 1)

a v

AnnaalnaessasunlifiLaay
ayusvesnUsanuglusyuululasnia
Lw‘%ﬂeﬁwwmmawméfqLLUiﬁﬁmimNnm
fUINAIVANYBITZUULUUNTOUTN
faAuAs Pl wuuusumle
ARIIVEBENEIU

AR VENEUTHNUS

mssudunisansud i
Wysndaniuzeseuln

AUNUSVDIAIUDVRITEUUNINTANTUNTT & 1o 9



uni 2

2550UNISUNNYIVBINUIUIRY

2.1 uni

Tuuniiezndndnssunssuiifsadostunuids lneidomfivnaueazgnuus
ponuiu 3 dau Usenaude emdniivisagnandmdnnsvhausarsuuuunisioans
szwinsasudlinfuiaiossauszquuaneisasudliiveusrazinnsgiu Téu wnsgru
CHAJeMO 11715571 AC Type 2 uaannsgiu CCS tiomauiiansagnannfannsgiuns
doansuuu OCPP ailluinnsgiunisdeasnansseninssasudlnii idessnuszquunine’
sosudliif wandrnenaswossruunuau dudenluduiiamasiiauofofunge]
uaznagndnismuaueiie q Aldnuluszuulilasnin ielflunisoonuvussuuaiugy was
AnwmnAnssuvesszuulniudesimivszgndldnuanidausyquuamesagudlilu

syuululasn3n Feseasidunnng o anunsaanslaspalud

2.2 AATFIUMTEAUTZIUUALABITABUA LT

tagiu waluladmssnuszquunmeisnoudlninlignimuisdisseiies lng
gﬂqumsé’mﬂizqLLumma?iaaum‘lWﬂwmmsaLLﬂqaaﬂléfLﬂu 3 sUluY Aa N13dnUsEy
wuameITosuAliimuultans madauszauummedsaudlwihuuuliane waznsduaou
wunmeIsngudliii uilufidaznanemzmealulafunnsgiunissnlss uumneisosud
Iwuuldareifinnsldautvandsadssquuamedsooudludaiialy e snsgu
CHAdeMO 11m3574 AC Type 2 uasinnsgiu CCS dvis 3 wnsgiudl iusimsgiunissn
Uszquuameiuuusiaiaifiiinisldnuiussudlningusie o Admineluviosmain uags
nsivunldslnreanarndielflunisdeaisteyasenitesasudlniiifuiaiossnuseg
LUALMDIUAAUGAIUANNATY TaT1aiBEnN1TaUsEquUAmeITaBudlnivosusias

WmsgIuaEnsauanalanail (4], [5]

2.2.1 1199574 CHAdeMO
nsdnUsEuUAIeIsasuAlIfiiuInsgIu CHAEMO gnesnuuulwiinisdn
nszualiifindnguummnedlaenss anmnsadnuszqlaiusnoudliiimlufisesiunissnlseg
LUUNINI§IU CHAdeMO Fausiinwilauazauinvesiunineisasudlninazunndrafufnig

dmfuiidnuszuunneIsagudlninuinsgiu CHAJeMO aunsauanalasagui 2.1 [6]



13

WU SNYULYRIIgAUTERUALADIT0auA LT 111M55 18 CHADeMO agApudndlngy
= g va o 14 o 1 4 LY & ! v
Weasnanelnilediduuunuazlaeenuuudwnisvesaslnlvivenaindudungu 9 dq
wandly UM 2.2 laun unsuansfeangiuysznausig pin 5 way 6 dduuansia
aedyyiumuANUsENaUMmY pin 1, 2, 4, 7 uar 10 Awdesaniivaiedeyausznausiy
pin 8 uay 9 du  Auduliinisldau dwsutuneunisdalszquuanessosudini
1195514 CHAdeMO ansnsauanslansgun 2.3
d1115ULA3099AUTEUUALADITAUALNTINIASEIU CHADEeMO 1y aldds

ToyansdyyneudenwardyyIuninean unIINIsdeaIsuuy CAN amnfifeddaiiy
= < aa d‘l
5

avseutdenkaziinea lielasiudelianainienainduilolsuiinisdnuseyy

e
[

3]

Wo9nNNIsinuiiaUnAvesEuUAIUALLULUATRAEA (Digital Control System) Aelun1s

Y

uduAIRUN1INIUYBINLATISAUss IRaEsneudna sulilranusavinuliedi

(as))}

gndies uaslledyaaeufisnvinme Tuneun1TenUIEYarinnslniedegeiuil (13

YAf99E19uTazSINIINITaNT Ay AN 1UN S AN AaUIAaN)
Yl A7)

Release Button
Charge Indicator Lamp [Red] (LED) Unlocks the lever to disengage

It lit while the power is on. from Vehicle Inlet.

Latch
Engage with
Vehicle Inlet.

Lever

Pull the lever to connect to
\ Vehicle Inlet.
Insertion Interface Guide — -
Facilitates connection to ‘A
- Lever Stopper

Vehicle Inlet. Stops the movement of

Back]

gih‘?f 2.1 mjizfgmemaéiaaumﬂlvmqmmiyu CHAdeMO [6]

€

[
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Connector interface

EV contactor
Power supply (+)

Power supply () <

;' .
p "o| EVContactor
Chargeri2v 'd1  Charger : e| Controlrelay

f —— start/stop 1
L .. .,. ——————————— .

Charger
start/stop 2

Analog | Connection
control = check

lines . = Connector
Chargeri2Vv ¥
Charging Pin Layout
enable!cisau

On-board 12V :

Groundwire o ar

—_—— e

CAN-H

CAN-L

JUN 2.2 1510V EAUTEIMUAWMEI TaguA lANInsEIU CHADEMO (6]

Charging sequence flowchart

Ls-mg-r J Charger Vehicle

Send start-of-charging signal (d1 ON) === Recognize starl-of-charging
AACMNLESEL] e  Transmit batlery parameiers: Max voltage to stop
E“'“ﬂf checﬁt ™ Fa ) S churglug Target vc:ltagv Total barrew capacity, efc
Transmit charaerparamners Max. oLBZIt ¥~ T I i, e e e T e
voltage, Max. output cuirent, Errorflag etc, lity check “Calculate Max. charging time
Send stail permission signal (k (

Connectoriock and perform iontest. | - Recognize charging ready signal (¢

Send charging ready signal - EV conlactor ON

: cnargmg Current Controf Checking bat‘!enr congition, Iermerature efc

Output current Calculate opimal charging current
Checking circuit condition, charging time etc. Transmit charging current value in every 100ms

Checking input current value and emor signal

Battery voltage becomes Max. value
ferminate charging

Output zero current Send zero cument signal

Recognize charging stop Confirm zero input cumrent
Terminate charging process - EV contactor OFF
Connector unlock Send charging stop signal

gﬂﬁ 2.3 %umaumaé’mﬂwqLLU@Lma’”ﬁ'iaeum“lw%mmgm CHAdeMO [6]
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n15d2a133UkUU CAN 88113910 Controller Area Network #1899 N3
AUANNUNATeYIY (Nstreuiamesius 2 inesduluuiieudeidisiefuielddeya
LUsuNsun309Unsalu1eeg135aui) F9 CAN A UIRS5IUNISAARBARAITUUUBYNTY
¥ Y & v v v 1Y) - =~ o Yo
poinInsdstayalusiadmemelii lnensldanedyaudearsiies 2 @y uaglasu
W19 15011898 Taszuu CAN Bus (Controller Area Network) tuluslnaoanisdaansi
sonwuuniieldnuiusasudlilndundn Tunishinsedeaisves CAN agldpdmyarnans

\éu Al CANH uaz CANL uanssaluguil 2.4

i
Cuick charger 1 Vehicle
5 ¥
I
e I
Metwork inside i Metwork inside
the quick charger Gateway : Gatsway the wehicle
A f 1 =
CAN 1D:108 - D:100 CAN
Transcaiver 109 : 101 Transcaivar

102 *
§‘ E.ﬁN.-ELIE- %
.

]
|
!

Uil 2.4 nsdeansseszuy CAN [6]

szvunisdaeansniuluslaeealusasudluihneliuinsgiu CHAdeMO a4
luslpaoanuy CAN lun1sieusiodeansseninnasesnlssuuamassaaud i iusoaud

T Teeagldy ID number A15i67 H Wnnti F9eauia1n H’ indicates Hexadecimal fauwana

Tumn5199 2.1 Bamns199 2.3



M15197 2.1 ID number YBLATITAUTERUUANBTUALIOLUA TN
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ID number

1AS098AUTEY

H'108, H'109

sngumbniin

H'100, H'101, H'102

n15197 2.2 Wsleeeaildlunisdeansansosudliihluduniasdnuszquunines

#9310 1169 ID lua o
sooud | 1A3esdauszy | H'100 | O Lails
1 Taile
2 Taile
3 Taile
4,5 LLiQﬁuLLUG}LGIE]%‘IQQEjG] 435 Vdc
6 | FfmINAIS1BmUnADS 138 %
7 Tailef
H'101 | 0 Tafld
1 | faannissnuseq Guai) 105
2 | fanensnuseq Guad) Min
3 | nawilflunisdnlsea Min
4 Taile
5 Tailef
6 Taile
7 Taile
H'102 | 0 | Protocol muem nsdeans | CHAdeMO
1| Ausssufisososnislunisen 410 Vdc
3 | einszuaiisesesnslunissn SOAUIN
a A01UENITHANAIN
5| @nuzreaeiosdause
6 | Woddusivosuumnmes
7 Taile
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m15197 2.3 Tslepeanldlunisdeansaninsesdnussquunnesludisaaudlng

49910 169 D | lud o g
\Sassn S08URA H'108 | 0 | #59deumidnUssaniusnuus
Usza 1,2 | alavenaiednusey W9
q 3 | aaveunIednusey nszua
45 | usauilsnouddenis INTOYUR
6 Tails
laile
H'109 | O Protocol AmuA mﬁ?iamﬁ CHAdeMO
12 | useuadswioanannaiessn 10 Sec
3| ASTLASIUI08NINLAS ISR 60 Min
4 Taile
5 | dannuzlazAnuNaAnan
6 ﬂflié?ma']mﬂt,ﬂ'%aaé’mszq 10 Sec
¥ ﬂfm??maﬂmﬂLﬂ%qé“mUm Min

o

d1nsuteyanisdedrsuiulusinasaainsasus i ludaunsnsonusea

LY 9

=

wuRWes LazvayanisdeansiiuluslnagaainaIesdnlseauunmesiudesasudlni

a Y v 1 dy
anunsananssgasdualandalul

1) Yeyanisdeansiuluslaneaansaeudlnihludauesewnuszauunnes
1. USIULUALADTEER [ H'100 ]

lus 5 q

0 2 5 8

1V /409, 0 - 600 1@ = 16 O

2. NNAANAD9DIURLADS [ H’ 101 ]

Tug 6

6 a4

1V /38,0 - 600 a6 : 8 U
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3. sanalunisenuszauunmes laegldiinnsaanainanaelusagun
[H101]

AanasnUszgansasudlaedinsivuaniaedu 10 i 14 Tud 1

Tudt 1

F F

10 w9 / U, 0-2540 U

4. faanseauszgansasudlaednisivuamiedu 1w 19 Tud 2

lus 2

F F

1 W19 / Us, 0-255 w19l

5. nsUszanaafildlunisdauszquuameisasudlunuiodu urd
[H101 ]

Tus 3

F F

1 W9 / U9, 0-254 1191 : 8 Us

6. Protocol AIUAa mﬁ'am’i [H102 ]

Tus 0

F F

1./ Us, Ver. 0-255 : 8 Usl

7. AuseRunsafeen1slunsdauseq [ H102 ]

Tus

2

0

2

1V /09,0 - 600 a6 : 16 U
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8. ANTeuansnfeen1slunsdnusey [ H102 ]

Tus 3

F F

1 A/ Un, Ver. 0-255 A : 8 U@

9. @nnugn1sianaa ( Fault flag ) [ H’102 ]

lus 4
1 F
(4) (3) (2) (1) (0)
(0) LSIRULUMADIIAY (0: Un@, 1: uANIBY)
(1) WU URAD3 s (0: Un#i, 1: unWyD9)
(2) NITHATDIRUIADILARTBUNNS 84 (0: Un#, 1: UNNID9)
(3) gruMgliuuALABIF (0: YA, 1: unNseY)
(4) usifuveILURmETAnTauUNNTDS (0: Un#, 1: unweo9)

10. d@nnuzvedsneus ( Status flag ) [H 102 ]

Tug 5
1 F
(@) (3) (2) (1) (0)
(0) snBuAgNsDaIdnUsEy (0: lail, 1: 1)
(1) 508UATOA LUNTIATLNLS (0: msesnLuly, 1: lipsasuns)
(2) spvumssausyiidaym (0: Unfl, 1: uANs9)
(3) ADMULVBITAGUA (0: wuniuAnABUINALNDTYBINISAUTEIYN

A, 1: wunLuAnABUIALIDTYRREAUTEYlignsia)
(4) anugAdaINTdaUsEnarnendnlsey (0: 1n13daUseq, 1: nensn

Useq)

11. Wesdusvawunnasiiioenluuaniuuningeirsesnlszq

Tus 6

6 a

1% /Umn, 0-100 % : 8 Un



2) Toyanisdeansiulusinreainiatesdauseuunmasiudssagudlnih

1. 9599a0UMEAUsERiuTReud [ H'108 ]

Tud

0

F

1 0%, 0 — 255 : 8 Un

0 3eddnUsEansaTdaUsyyliannsaniusagudlng

. bsaiugegavanAIedaUsyananunsaldeula [ H108 ]

Tud

2

1

0

2

1V /3m, 0 =600 188 : 16 UM

3. NzuAdanvedAsetanUsEananTaldula [ H'108 ]

lus

3

F

F

1A/Tm, 0~ 6001@6: 16 U

4. SIPUNTDUUARBINISIALMISAEURILAIDNNN [ H’ 108 ]

lug

5

a

0

2

1V /09,0 - 600 1ae : 16 Un

5. Protocol mufu Msdoas [ H'109 ]

Tud

0

F

1/4m, 0 - 255:8 Un

6. wsaUYIBRNYMEINTEAUTEY [ H'109 ]

Tus

2

0

2

1V /09,0 - 600 as : 16 U

20
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7. NslavIRenTMEiin1senUsyy [ H'109 ]

Tus 3

F F

2A /U ,0-255A:8Un

8. @nugn1siAnaa (Fault flag) [ H 109 ]

lua 5

(5)(4)(3) ) (1) (0)

(0) ez vBLATOIENYTYA (0: w3pudaUsey, 1: 8aUsEy)

(1) anugveuniosdnuszlianansoviauld  (0: Und, 1: unnse)
(2) gaUszdenisLUTae (0:1Un , 1: fon)

(3) #01UYATINAOULUALADS (0: Tlat, 1: TalaileD)

(@) szuumsoauseglaianansaviinule (0 laild, 1:14)

(5) LATR4EAUTEAMEANTITYINIL. (0: LATRVINNTY, 1t LASRIMEAYINATW)

9. ara1tun1sdnlszauunnes lnogldinisninamiiaiesdnlsyy

[H109 ]
- abandausqlaesinstvmamiadu 10 Juni 14 Tud 6
Lug 6
F F

a

10 U7 /U9, 0-2540 U

v
Y

- Aa1dauszlaelinisiuaniedu 1 uil 14 lud 7

Tus 7

F F

1 W19 / O;, 0-255 Wi

NnYayansnand i linsuliamdannsyiiau msdeans uaznisivdalayaves
N159AUsEUNINTFIU CHADEMO &an1e Local Server agau13ansuiiadayanisaoans

serinsagualiiuaziaTesdnUszauuameInniasesninsinsedeanslde
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2.2.2 40337 AC Type 2
mmgfmmié’mﬂisqmema'%'saaum“lw%l,wu AC Type 2 (Type 2 Standard)

Junsdnuszquuamessasudinisielviinszuaadu 1 wia useiuluilaiiu 240 Tad

[
[y a o

wseszuulii 3 wia wssdulniinliihiu 400 Tiad dmsun1sdnuseanisedu 2 4 agioshinas
=« (% a A g v ¥ (% d‘ (3 A
LA3BITAUTEIUUMADINTOAIAIUANNITINUTEYMIE N158AUTEIRUALABT IO UALITNT

wsaulidn 240 Tadtudildausgrunsnatslunaieyssina 1wy wosdu 8n1a uaznay

o ' (%
Y A [ %

Uszinaluuauglsy msiindaesesdnuszauuamessasudliuszianilinasfnsnuiin

L% = IS a ] | a Y Y 4 ! v
21AY LUBIIN Nﬂ?iﬂ@@ﬂ‘m\ﬂﬂuaﬁﬁ‘mﬁLWSJ@']']%J@J‘NIQI‘WﬂUEﬂsﬁﬂﬂuiﬁUUGﬂWﬁ’Tﬂﬂqi@G”I‘Ui%‘\!

LunneIAziesnaden1siduluwiaiu dusunsonuszauuamessasudlniinseiu

(Y

Level 2 1 agfififnfaalniaunninnsdnussauuninessasudiniuuy Level 1
9nUsEuUnmeI T ud ninansgu AC Type 2 wamilansgui 2.5 Inih

AouUMARY 7 Yae aursaldeulanuszuulvihanua 400 V ienuszquunmeIuInggIu

a o

AC Type 2 a13n308aUsEakunmaImeiiniaslningadia 43 kw lngldanainidawuun

a v

(63 A/400 V) hazauInnnaniaatnin 22 kw aeaigsetdawuuasala (32 A/400 V)

CP PP

PE
N L1
L3 L2

JUN 2.5 MaUszauuameIsogudlninuinsgiu AC Type 2

fian: https://www.nectec.or.th/news/news-public-document/evcharger-standard.html
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MNgUT 2.5 aziiuliiiidnussquuaneisnoudliiiunsgiu AC Type 2
Usznoudievesdeusovianun 7 9oe dmiurestuiadndiuau 2 e illuresnisdeans
HYYIUAIVANAT 9 fhmj'awmmimyjL"ﬂma%ﬁ'}é’aﬁﬁmm 5 904 lngroinsinaazgly
dmsunisseansiu lag Pin vunvesidauszauummeIsneudlnihuinsgiu AC Type 2
annsnesuglidadeluil

- Proximity pilot (PP): &ayaunauniounisidaninay

- Control pilot (CP): nMyasdayanmdasuyiay

- Protective earth (PE): szuudlasiulnihdnisasauniiy 6 faduns

(0.24 i)

- Neutral (N)

- L1 umasang wlaivils

212 uviaadng wiafidos

- L3 uvdsane ilaviany

suunsdeasszninsnsudliiiiuieiesdauszanunneisosudluiin iy
TUslnApavesnsgIu AC Type 2 azliismsiaussiulniiniigaw 4 (CP) uazan 5 (PP) an
AnsgiiionUadumdinsdeanssyninssnsudlihfuieessaszauunnod

AMIYNTINNNT EVSE ldAinuna1Sudunisdauszgsenisldafadiuniu

<

(Resistor) LTUAIMNUAYTLIAYBILATBIBNUTE JUUAMBTTOSUA A IRNLL1955 11 AC Type 2

[

LAL39938AUTEIRUY On Broad Charge agludisngudliiin Fevuinvewnsosdnlsey

9

LULRBINNANSEalWH 32 A aga1uAtmudun ulndneTulawingy 220 Q Aakanslu

=

JUN 2.5 §93935AIUANNMTOAUSEILUALADIUINTZIU AC Type 2 anu1sauanslansgui 2.6

EVSE ), EVSE VEHICLE VEHICLE
CONTROLLER CONNECTOR INLET CONTROLLER

CONTROLLER
+12V

+12Vv |

T , K2'S gy
| 1.0k 4] 4
out k= = == DETECTOR 7

N NCP
PROXIMITY]

D1
o i Dosgc*ron +5Y H {>C out
1 kHz Kc%mnmu;n ?:o g“‘ %ﬁk%iik %
b I\’?; +12v

Ky

s3

11/ @

CARA] <

R7

330 RS N
2.7k

5UN 2.6 1933MUANNTINUTEUUALNDIINNTTIU AC Type 2 [6]
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91N3UN 2.5 F1TUI9IAIVANNITINUTEILUANBIUINTFIU AC Type 2 9%

Winan Pin 91 5 Proximity pilot (PP) 3edeyaanewiunisyinnuazidunisidavuinaigle

=P v

Tago1uA1NLII9 Ut UAma Ul wEaz A1 Fearanuaunulnidasuaneaiy

LUmuiuretasoIdnUseuuan eI kandtun1s1en 2.4 Fadunisnuanannuduius

serdnmanudunuliihiuanssualnihveuasednuss QL UAmD3

11 |

A13197 2.4 ANuduRussEnitaaianudumuliiduansekaliiivewnIesdnlsey

LusmeITaeudlniinannsgIu AC Type 2

Resistance PP-PE (Max Cable Throughput)

Resistance (Q) Current (A) Wire Cross Section (mm?)
> 1500 * 6 -
1500 13 1.5
680 20 2.5
220 32 6
100 63 16
< 100 ** 80 .

*

No resistor connected, ** Recommended ~50 Q

wasndeuTingnUssuumneTidifusasudlitin Mmuaunsitnueueiesse
Uszquuameiazvimsdaussiulwihioung 12 v ienddisnsuiniuiildressuubeusos
L& Pin 9171 4 Y9953 ULARANS Waziilosngus Enable La3pddaUssUUMADIILE
Pulse 71U PWM 1ilodeansuandsunanssualiiniiaiunsadoldiauandlunised 2.5
Tavanunsansradevaniuznsyiaulsiainssuy Local Server 195§ AC Type 2 #ign

a gj a1 d! g d‘
ANFNANNADIUAN ¢ YILFANNINIT1N 2.6

M19199 2.5 A1 PWM wazUsunanssualiihvesnsednuszquunnaiunnsgiu AC Type 2

PWM (%) SAE Continuous (A) SAE Short Term (Apeak)
50 30 36
40 24 30
30 18 22
25 15 20
16 9.6
10 6
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A3 2.6 ADIULNNTVINNIUTDLATDITAUTERUUALRBTUINTFIU AC Type 2

Base Status Charging Status Resistance Resistance Voltage
(CP-PE) (Q) (R2) (Q) (CP-PE) (V)

A Standby Open +12
B Vehicle Detected 2,740 +9+1
C Ready (Charging) 882 1,300 Q +6+1
D With Ventilation 246 270 Q +3+1
E No Power (Shut Off) 0

F Error -12

2.2.3 13§11 CCS

Agsooudlniinglsuuaganizeinliimunuinsgiu SAE J1772 Fadu
srUUMISAUTTILUAREITnuAlWinnszuansauuTIng ) Wunasguivhausudiedy
senINUIENsasuAlnihAgglsUwazanigowsnn 1wy Audi, BMW, Daimler, Ford, General
Motors, Porsche Wag Volkswagen 8195571 SAE nsivuadnunyveiiisalszguansing
funnsgIu CHAdeMO Taaivunsudnvauzvesszuuliia Ao luvlinssuanse wazluin

NsEuaady Fihdnuszauuameisaeudlnihiiuy CCS Combo ansnsauandlanizuin 2.7

Uil 2.7 Mdauszquuamessasudliliuuy CCS Combo [6]

fian: http://www.evthai.com/article/irdasmsasalniln/
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MANNNINNTADATVBIINTFIU CCS AdBAUNINTEIU AC Type 2 findnu
wanssfuliinnindeasnsaiouiioulddsgui 2.8 ssuumsdeansiiulusinnoaly
sogudlwinelinasgiu ccs avliluslnnealunisifeusedeassznituniosdnuszg
wusmeItusnoudlii Tagazldnsfaussiuluiinfiqaun 4 (CP) 91 5 (PP) Wwifeafy
119557U AC Type 2 uagthundianeiifionundumdssenitaaiosdaussquuamedny
soeudlnih

CCS1 Socket CCS2 Connector

PP cp

cp i

PE

DC-

DC+

gﬂﬁ 2.8 Pin Connector CCS Combo
fian: https://www fiverevse.com/product/150A-US-Korea-Taiwan-to-European-CCS-
Combo-1-to-CCS-Combo-2-EV-Quick-Charger-Adapter.html

ﬂ'awﬁﬁﬁlé’ﬁmiﬂﬁfn5aiwmfﬁﬁwmumaqmm§m AC Type 2 fiazdin1sidn
YUNAEYRILATEISAUTT AT INBUALIT B U EAUII I NI NATEIL
CCS Auiieniu aziimsdedygrannandamuesuetaiessauszaiterdnuumanelwild
nusieziAuAodafiinidwesniesdaUsyailanhunssuansaiuindnUseiin 5
(PP) eﬁmq%mmumiﬁﬂmmmu CCS Combo amﬁmmmlé’ﬁqgﬂﬁ 2.9

ndaanideuisnussaiusasudliinudnzsunsielaginsniunuves
p3saUsEauUAmDT AN A ssiulivug 12 V ileudslvisasudlniimsuinldde
sTUUSEUFeBud ity Pin 9171 4 vesszuUdABans uaziilasnousdlli Enable LA3esdauszq
LuAmeIazds Pulse iy PWM iledoansuenduiunszualiiiisasudlniidosnts
paoAlaT JsAiiannsonraduldanssuunssaUssquUAneIANLATE I CCS Hugsil

- Actual Amps Value

- Actual Voltage

- Vehicle State: 1 = Ready, 2 = EV is present, 3 = Charging, 4 = Charging

with ventilation
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weananildsaunsansivgevaniuganuinuniniglusasudliiilalnenis

A5193UaN1ENSAsULUawesEInd S2 Anglusisasudluiiidlaiinanutnunfazda

dyanaanulituiaiesdauszgiiuneulinges Pin 417 4 (CP)

EVSE Control Box

Vehicle

< +5V
mé I
L SN

L el T T e B T

JUT1 2.9 2393A7UANNTYINULUY CCS Combo
u1: se1uatuanysaivensiiiduginnm 5es “seuulassionsesdauseqli

a8 msUlass el TS zves nnn.”

21NN9ANINITRIILUT0 LT TFIUN 13T AV TEYUUMA BT S0 U1 3
WM3gU A 1195510 CHAJeMO 117531 AC Type 2 uawu19sg1u CCS annsaasy
sUnuunMsdea ssgninssanudlniinuasiniesdnusequuaiaeilananised 2.7 Feteyaitls
aggminnuasfudyyrauesdslusudnnoinaaiedaiuteyauazianiiasgidmiu

Tdlunsusmsdnnisannfidnuseauunineisoly

M13°99 2.7 sUkuunIsAeaIsEnITasudliiiunIedausEavetuiarIn Il

vliniadnusey dnwnznsdeansfiuimfaudaziszinn
CHAdeMO CAN BUS Protocol (Connector Pin CAN H , CAH L)
CCS / Combo PLC Protocol (Connector Pin CC, CP)
AC Type 2 PLC Protocol (Connector Pin CC , CP)
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2.3 mmg’mmsﬁams OCPP

OCPP (Open Charge Point Protocol) iluszuudeasuazdstoyaludamenduag
sErhaeiesdnusruuaneIsaudliinfianiisnuszqiussuunaind (Could) ilevinnis
Jouuuazuannadayani 9 varliusnsgldnusasudini Tnswnzgenduisnisdnnis
Aldany Fuduesddsznoundniidifn saudenisarugunisidnfanisSenifuiu ng
UszanananstseRu wavdeyanisldnuveaniossnusequunimeisnaud i

annilsauszqluihanunsadeasdoyariuszuudumefidnfurenduainisdanis
iiognuszasAlunsufiRnisuazaiuaunsiuveaiossaUszquuanoIsnusliin
riuszuunseansuuy OCPP daduluslnnsanuuladmsunsinsedeansszninanios
dauszquuameITausliinfulSetwandsaUszuUmmIVE e AUIN1IAUANNNTYINITY
NAN983B3ANTAY 4 T9IBEN9TTUUNIABAITULY OCPP YesanilsnuszquumneIsnausd

Iylihansnsauanslgagui 2.10

COMPUTER SERVER

CHARGING STATION OBILE APPLICA

ELECTRIC VEHICLE AND USER

UM 2.10 s¥UUNISA0ASWUU OCPP YasannidnuszauunmeIsngudlnii
11: euatuanysaivensiiidiuginie 5 “seuvlaseignsesdauseqlin

a8 EmsUlAse T SaaSe e nnn.”

2.3.1 msﬁamsﬁ'wmmg'm OCPP

ﬂﬂﬁﬁaaWiLLuuuﬂmsgﬂu Open Charge Point Protocol (OCPP) tlus1n5g1u

(%
Y

wuulafigndasialay E-laad Fuduninsguiiieadesiuisnisdearsvessasudiniaiu

sgvudlunan Winaluladlusinaea Simple Object Access Protocol (SOAP) Fawu



29

lpswnefianunsedadeyaniiuszuudumesidnliegiasninsing SOAP agdeasmeniy

=

7138091 Extensible Markup Language (XML) #adun1wifigneenuuuniiienisiivdeya

a

Snvidsanunsaldsamiuniun HTML Aiduisdnuussuudumesidndndas

U 2.1 Wunnsedurenisdeansvesanniisnustauuniaeisasudldinde
1955 IUNTADENT OCPP Insszuunsdeansuaznisiudsdoyaluaniidausyquumne’
sasudlninazgnosnuuulinssfuansgiunssausequeaniesdaUszquuninedsasud
1wl (Charge Box) %’agamnLﬂ%"aqé’mﬂszﬁ;LlfumLma%"iﬂﬂusﬂ,%lﬁwzgﬂﬁﬂﬂé}’ﬂizwﬂizmama
wuuAadfiansndeiuteyaldesirniuasiiussansam andussuunaiadazds
foyaseluiinoufinmesitnnesdsldduszuvauguaiunans (Central System) Aifinthi
Tunsifudeyanissauszquunnoisasudliiin vdsnduasgiinisdansestayaiidniuse
fldnusosudliinuazdsfogailusudninesauiniidnndniiourlulduanwavy
InsAnndlofion1usz Lo UNAATY (Mobile Application) Lﬁaiﬁ;ﬂsi’fmummmLsifﬂa%’agalé’

Newarldlang1sasain

'—-------

=t

I
l
1
i
L

‘--_

JUT 2.11 sruvfeansvesaniildnuseuunnaisaeudlui
u1: euatuanysaivensiiidiuginie 5 “seuvlaseieinsesdauseqlin

atTIEEmsUlAse W SaaSe e nnn.”
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PaIFuAuNNTHRa15Ue OCPP s¥winsannildnuszquunneisagusdlninfy
syuUAUANd@ILNaN Mydeasinagisuduiensdseldnuuazaeuiunisldau lne
sULuUM&sres OCPP azlddeynddanusie req) druddmeuivazifuieynddauas
AsY .conf() Gaidaananildnuszquunneisasusdilnliivesszuy OCPP awnsauans

LARIUN 2.12 warAdIaINsEULAIUANEIUNANUDITEUU OCPP aunTauandlanagui 2.13

OCPP

Open Charge Point Protocol

Initiated by Charge Point Authorize

Boot Notification

Data Transfer

Diagnostics Status Notification
Firmiware Status Notification
Heartheat

Meter Values

Start Transaction

Status Notification

To Central System

Stop Transaction

JUN 2.12 Ardanasilsnusyasasudluiiiyesssuy OCPP
w1 srgauaduanysalvesnsiiihdiuginig 5es “seuulasaneniasdnusyaliin

o195 IE s UlAs gl WSS sz nwn.”

ra” N\ N LN
=2

Id’“ f

U e LN ni-Protocnl

Initiatad by Central System

Cancel Reservation
Change Avallablility
Change Configuration
To Charge Point Clear Cach
Data Transfer
Get configuration
Get Diagnostics
Get Local List Version
Remote Start Transaction
Remote Stop Transaction
Reverse Now
Reset

Send Local List
Unlock Connector
Update Firmware

JUT 2.13 AdIINTEUUAIUANEILNANIYRITEUY OCPP
N11: s1euatuanysalveinsinihdiugiinig 13ee “seuulasaiieniesdnuselni

a8 Emsulaswe i daase e nnn.”
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2.3.2 JuRUN1SINULUaefuvas OCPP Server

Y] & & v % ° o o Y] .:4'
‘Viaﬂﬂ'ﬁLLa%sUUG]'EJUL‘U@\'imu‘Vlm%ﬁqﬂqﬁﬂuqlﬂisﬁﬂWUﬂUﬁﬂqu@@‘Ui%ﬂqLL‘UG]LG]'E’)?

(%
£ v A

sneud i lasesnndaadinadl

Y

a

- Wokduisasudlniihdeinisldnuniednlssguuamassasudlninanuise

G
Bunsldnusonisiadnselumuiugiiiesldams (Authorize) uagszyravdudusnily
nsldanu

- ilefléidentisnuszqiideants 1n3essnUszquunneITasudlniingzds
foyaluds OCPP Server LlaiFunsldan (Start Transaction) Insazseymnelauingmmszq
wagvneiaviimesnounsldnudani Server

Y 1

- luvasidnuszadnenseualiihlifusasudliineguu 1n3esdausey
wusmeIsneudbiinvzdiloyavefivnes (Meter Value) vauginelniluszey q Ty OCPP
Server

- WednUszauunmeisosudinfnauuazildnuneniidauszgaenainey

9

val v a o

sosudbiiuAulingiseuiooundn wiesdauszuumnessosudinihazdsdayasunisldnu

(Stop Transaction) lugis OCPP Server lngazdsvuigiaviinasanvineiiaaguiuiulualy

Tulumslgaunasail

2.3.3 ayavaq OCPP Server
foyanig q fiszuu OCPP 1w wardsdoyaludadninasiised
2.3.3.1 Start Transaction
- Charge id f® wmmmé’lw
- Connector id A8 ¥uBLauRIe
- id Tag Ao wNEaITRSIRNNS 911w
- Meter start fio AavdimesnousSufuln

- Timestamp #® Laa17ibaulas

2.3.3.2 Meter Value
- Charge id g visngLaug i
- Connector id Aip #uNELEaVFITNY
- Transaction id o “d18laUNISITaU
- Value o uneLay meter

- Unit A8 118v99iwas (watt hour)



32

2.3.3.3 Stop Transaction
- Charge id g ungLaugin
- Transaction id A9 wuetawn1slE9Y
- Meter stop Ao ALaTILMDTHAITIU

- Timestamp #® nadnly

2.3.4 la@sunsuN5YinaLYBIATEIUNIABESWUY OCPP

S¥UUNTADA1TLUY OCPP s¥winsssuuaIugudunanivaniidsalszg
wunwossasudlaiinintussrafudduduneu el ildnuannsoldnuldedsazan
wagyiliszuuannsafiutotansdaussquuaneisnsudlnihldediagnies dslnozunsy
nsviaulutunousing 4 arunsouanslaneudl 2.1a fegudt 2.17 Taglusud 2.14 wans
Gﬁ'u’umauﬂﬁﬁméfuﬂﬁﬁmwmm%aé’mﬂizf\;memaésmumﬂlw% 'gﬂﬂ‘?i 2.15 uanstumBUN
Sunazvigansdnussquunmeisasudluinlagld RFID Card 3Uf 2.16 wansdunouniaida
uazngan1ssaUsuUAmaITosudliimuuIlam waysudl 2,17 uanstuneunissudunis

Y

Uanfanringnuseahunneassngus i
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Charger

Central

BootNotification.req
ChargepointVendor = <Vendor> ; ChargePointMode = <Charge_model>

BootNotification.conf
Status = Accepted ; CurrentTime = <Today> ; HeartbeatInterval = <Second>

StatusNotification.req
Connectorid = 0 ; Status = Available ; errorCode = NoError

StatusNotification.conf

A

StatusNotification.req
Connectorid = 1; Status = Available ; errorCode = NoError

StatusNotification.conf

Charger with.more than one outlet (<outlet>= Outlet-number

StatusNotification.req
Connectorid = <Outlet> ; Status = Available ; errorCode = NoError

StatusNotification.conf

A

Charger in idle state

HeartBeat.req

HeartBeat.conf

Ah

current time

5UN 2.14 Sequence Diagram SuAUNITYINILYBUATREAUTEAUUNADITLUA T

11 Senuatuauysalvesnsiiihdiuginia 509 “szuulasaieniesdnuseqlnii

a8 9IS EmsUlAse iSRS zve nvn.”



Customer
<RFID_tag>

34

Charger Central

Swip Card

5 I Local White id authorisation

RFID is not in local white list

Authorize.req
idTag = <RFID_Tag>

>

Authorize.conf
idTaginfo : Status = Accepted ; idTag = <RFID_Tag>

StartTransaction.req

StartTransaction.conf

StatusNotification.req

v

StatusNotification.conf

<

v

Swip Card

I Local White id authorisation

RFIE is not'in local white list

“Authorize.req
idTag = <RFID_Tag>

.
Lt

Authorize.conf
idTaginfo : Status = Accepted ; idTag = <RFID_Tag>

<
StopTransaction.req
>
StopTransaction.conf
<
StatusNotification.req
>
StatusNotification.conf
<=
Charger inidle state
HeartBeat.req N
<«

HeartBeat.conf
current time

5U# 2.15 Sequence Diagram KAz vgAN13N138AYTELUAMEIIAelY RFID Card

11: s1euaduanysalrensiiiidugiinig 15e “sruulasainensosdadseqlniln

agasnIEmsUlasn WS ez nun.”



Customer
<ID_tag>

Start

Charger

35

Central

Charge Start Remote Request

Stop

£

RemoteStartTransactiom.req
dTag = <ID_Tag> ; ConnectorlD = <Qutlet>

A 4

RemoteStartTransactiom.conf
Status = Accepted

StartTransaction.req

v

A

StartTransaction.conf

v

StatusNotification.req

£

StatusNotification.conf

v

Charge

v

Stop Remote Request

£h

RemoteStopTransactiom.req
TransactionlD = <TransactionlD>

A 4

RemoteStartTransactiom.conf
Status = Accepted

ID_TAG is not inlocal white list

StopTransaction.req

\ 4

StopTransaction.conf

v

AN

StatusNotification.req

StatusNotification.conf

Charger in idle state

HeartBeat.req

Ul 2.16 Sequence Diagram Suua

9
Y

HeartBeat.conf

current time

MYANITNITEAUTEILUAADIWUUTIUN

11 Srenuatuanysaivesnsiiihdiuginia Soe “seuulasaieniesdnuseqlnii

a8 EmsUlAse i SaaSzve nvin.”



Charger

Charger in Charging Mode

UnlockConnector.req
Connectorid = <Qutlet>

36

Central

UnlockConnector.conf
Status = Accepted

StopTransaction.req

StopTransaction.conf
Status = Accepted ; idTag = <idtag>

£

StatusNotification.req

Connectorid = <Qutlet> ; Status = Available ; errorCode = NoError

StatusNotification.conf

.y

Charger in'idle state

HeartBeat.req

HeartBeat.conf

A

current time

JUN 2.17 Sequence Diagram Busiunsuandenmdnlszauunmeisagudlih

u1: euatuanysaivemisiiitdmainin 58 “seuvlaseiensesdauseqli

agaTnIEmsUlasn WSS ez nun.”
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2.4 M3puANNITINUYasszuululasnia
nMstanmsndinuiagingeauandenannslfitemameadalunisuannszualiii
Hudgmitimeluszuulnin Tneamzegnadslussuulninasislmiduandusui 2.18 7
finsideurovosuvamannszualiinanndanunaunuuazndsnumadon 1w wdsnuay
wagndanunasending (Hudu mutinnudesnislénulnandliuiueuuasn1sdnuseq
wusmeIsnoudlyliilindssnlwinluuInadias [71-112] andedrdnveaaiead el
lduazanuliviueuresadosig q wu YSunalvanildeu wdsnuliiafindaldann
W IUNALLLIE NS UNaEen uazn1ssauszquummeIsneudliin Auvaniitutigm
fdamansznudonuivesszuulwihuay msdalashudvoaniesiidalnihuasvan meidis
vouesiudalniididamseindvienaunefinosildiuiudasiundenulwivesunas
W unaLnuLagndsuadenaviilvieudesvesssuuliiianas lafosnmszuy
Inihanas wagmnlafinismiuaunisyinanuvesssuvegraminzay ssuulniinfegvande
wafpsnmuazidamanisalifiiuly dmunagnsuiomadadteuldlumsudtlymi fe
M3AIUANNTTYINULUUUSEEU (Coordinated Control) daidiunisaauaunnsvinausiudy
vosinToaidalwih uasdEnnszualnihanndanuneunuas ndsumaden wagnsld

ULAAARI 9 vasszuulin [13], [14]

Factories Nuclear Power Plant

_ Dlstrlhul ion Station E =
@ Transmission Station

4—* Solar Power Plant

o i i Wind Power Plant

Cites and Offices Electric Vehicle

Thermal Power Plant

Hydraulic
Power Generation

Houses

JUN 2.18 szuulnihniimsussyndldndsnunaunuiaysasudlii [3]
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Tug29lad AU UL Tn15ULEUITNITHALLUIAATANYBENLNDANAINUEUNIUTD Y
Anudluszuulni lnedulugazilunisfnwinazsrassnisyitaulussuululasnia
Wesanszuvlulasnsaduszuulnihauiadn Sanududaszanszuulaseelniingn i

1 [

nsnevaussffndendsuliihindalawazUsunalvasnldaulussuu awnsaruauiade
i Aaa a ' o % A ooy ow av A ° A val
#i19 9 AdNSwaden syl wazanunsadudulainanisidevsenanisdtaentaiiniiy
gnApdwiugn dwsuneavideaneiiuwiAataznagnseng 9 Tldlunsauauaiunves
ssuululpsnsaiielissuuiianuaissnmanunsauanalasioil

nagNsNIsAMUALIAITUTaYa 1NNISANINUI Aua1tlunsdeansiinanseny
sonsvinuvesaualluszuululasnia Bnsdmuanaisuteyadagnianldiiiovaie
HansEnuvoIANaIEIluNITEeans [15]

s 15 @ ada PN a a

NAENSNIIAIVAN Hoo Wy p-synthesis t1Ju3sn1smivauAnudlussuululasniag
waunseuagdussansnn [16) lun1seanuuuszuuAIUANIEiaTaIA N liL O UTBS
191099309 9 HaNlaIINNITANY WU NIAIVANKUY u-synthesis TUTEENTAINA
And1nsarual Heo agelsinindsnisauauininausalilu [15] waz [16] Wildnannida
HANIENUNAMULILULEUIINNTTHENNTELALUTIIAE NS IUNAUNULAENE U F BN

s

NALNSNIIAIUANYEY Tustin {UN1TAILANAIUAINAALUUNTZANEAIETZUUNITES
tayauuuniva ngldsaruquuuy PID waglindnnisves Particle Swam Algorithm Tu
n13AuANNISIINNYesszuululasnsa wenanildaarsuianuaidivetanildlunis
doansluguaiuaudig Han1sANWINLA WUl AIAIUALLUUATTIBEINNTAAIUANNITYINY
vasszuvlulasnInlafndidinauauuuuoutden Uszaninmimienin uaziiniy
Wdeeunnii [17]
s = Y s & °

nagnsnIsAIvANAEALazRsIRuUlnin nagnsnisatuauiigniunldlunisatuay
nsieussuulalasnsaniivsaiuliisuagliinisgeusdenussuulnimven [18] wanis
o d‘ v 1 a VN dl Y v o [
188991l wud ssuvlulasnInaiunsagaualiudlanienisnavauitasliinuuy Droop
Control

s et v = aq dyd o

nagNSNISAIVANAILAITAALUUATIITUAHDYRISE UL LW T3n1siduauely
[19] gnihldlgiululasnaigensdetiaiy nan193de wui1 n1sidgauuvenudngen
Wndulianiaslnihnliaunauazanuatvesdyaunldluniseiua

nagnsnisAIuAmesosiLlatnimileatuuleuasing (DFIG) 8n1sAivauilla

o o | ! a a < 1

gnunaualy [20] HAN15IE0ITEYIAIUAIVANYEY DFIG a11n503IN1IRoUaLDIWTIAS WD
N13A2UANANND wardwwalinuleuuuaudanas uAdedduansliiiuiifiudas

DFIG T¥in1smavauadnisinInlsalndvld wu Issdndmdsenudaunazlselndngdsn
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wanntlunsfnwdaszydn auliiuuauYINdNIUANRIIEINANTENUARANLATYS
93D Hoo Faadnaiunan1sanwved [13] asiilananlunauntnd

nagNsN13AIVANAINRBEYRITEUUlLlATNIAMIENITAIUANLULLSUE [21] Nagns

d’l o o a d‘ 1 dl 1 U
nsmvaniignihanlelunisamvaunisiaussuululasn3anliinisgeudeiussuulnii
= ¥ U £ = a ¥ 1
waznsluszuudnislanasnunaunuazndsuniudenlunisndanszualui loun
WAIUAN UAZNANULAIDITAE NAGWSALE WU aunsasneatssnINANAUITZUY
Lulasnsaladusened wasilunagnsiuraulalunisiiunyssendlunulunisaiugunis
uvesszuululasnia
PR AV oy L o oa 1% a 44‘ A A

wan3INNagnsianuantana Il dalin1sldmatinn1saiuaudy o9 ey
Uszansnmlunismivauuasldusurmnsimesvessruunisaiuaulviinuvangay wu
WAdANTISAIUALLUY Load Frequency Control (LFC) [22], [23] itmATANTTAIUANLUY
Particle Swarm Optimization (PSO) mAlANTSAIUANLUY Butter Fly Optimization (BO)
[24] wATlAN1TAIUANUWUY Water Cycle Algorithm (WCA) [22] ATAN1ITAIUANLUY
Yellow Saddle Goatfish Algorithm (YSGA) [25] LaginAalAN1SAIUANKUU Mine Blast
Algorithm (MBA) [23] 1Jusu

9819L3MMIU NABYSNISAIVANKULANY 1 Ana1Iunil fmuaudlngaggnesniuy
Tiviheuluszuululasniafianiziayas geenavzyinulaldadsinnldiuszuululasnia
au 9 swnadelailananafenisussgnaldauivanidsadsyquuamessosuntniilussuy
Lulasn3adiy 9AgauveuITeNlaEauanagNsnIIAIVANLULANG 9 kvinn1sfne
wud Wiinsiansanranssnuvesmanananteslugunisaiuan uasAmsdves
(PID) Tilflunsmuamdusuunsvinlnlianunsaruaunisyhauvesssuulalasninasaily
3 a £ Y v 5 a v ‘:qud o [ Ao
Judadula ey luauddedininnsimulssuuaivauiuuyseauninisniuaunis
Muswiuvesvanang 9 1ssdunasiniy uwnasannssualiidianndsnunaunuiay
WAWUNINGN TPUVALAUNSINUUUAADT hasnsUszenaldanuniuanidnuseauunnes
s08uAbniln F9319881880N1T0DNRUUILUUAIVANLAZNANITIIADINTTVINIUYBITLUY

lulasniamelusunsupeuitunesazgniausluuni 5 vedinerlinusatull
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2.5 unasy
MNMsANwILAENUMIUITTUNS I RgTRsasnsathosdmuslsnUssgndldi
AdelAuesi Fedeyafnrtundnnsvinnunasguuuunsieansseninesasudliii
fula3esdnUszquuaneisasudlifinvoudazuinsgiu (IFuA 41n351u CHAdEMO
1M5g1U AC Type 2 WagannsgIu CCS) waggUuuunsnisdeasuuy OCPP dudusnmsgu
nsdeansnanssErinesasudliiihAuedesdnustquunmeisneud ez @nnesnasves
szuumuau wduteyaiugiulunsiauiedosdaussanummeisnsudlifiuuunng
LuURadauifiseaun1s8aUsEnILInIsIL CHAEMO LagnsWauIlATessniUseq
wuaweIsasuAliLUY Multi-Standard (fleldnuaisluBanded feasiimstiauesioly
Tuunil 3 uagunil 4 muddu drudeyaifsrfunguiitaznagnsnisaiugusng o M4y
szuululaania aufuiulunsesnuuuszuumuey wagnsfnwmgAnssuvasszuulnd
Fefinnsuszgndldnuanidauszquuaneisasudlniiluszuulalasnin deazdinns

PJrnausiluuni 5



uni 3

N1SNAIUILATRIDAUTERUALABITOEUALWHN

3.1 uni
NANUABINITanNaisnieINIAIINNITUassigsusulneanledvaialelde
iaauﬁv‘fﬂﬁuuﬂﬁmﬂﬂﬂsﬁmuﬁaauﬁlw%ﬁﬂ%mmﬁgﬂsﬁu‘lmLawwasméﬂul,ﬁawmﬂimj 9
Bl n.e. 2557 savudlwihEie Nissan Leaf fioeaviogsis 1 uauduilan uaziinnsain
Tludn 5 Ythanih azdinnsldsasudlinialanunnia 5 dudu Tudanandsnan sogud
ntihilFrueglusagiuansnisldssornisszana 150 Alawes wagldnands 30 und
Tunsdauszauunineituiniesdauszquunmessasudlniiivuin 50 Alatnd [26] nsan
nalunmsdauszuunreTsneudivinIadugaduduresnudifed dwiudenluunies
thigusligafumsiauneiesdaUszuuameIsosudliiuuusnilasesiunssalsey
ALMTFIU CHAdeMO uaglfinadinnisdnuszauuuiadannuiiioaninarlunssnussq

LUALMBIIALUA TN YanIINNITaaaTtunTEnUsE Rk UAMETSaeUAbNTuaT nAtians

IS o

9l sEUURRdEEINN50an I TN TRTENIaNTERUTERUUAWMBS IV ARa9 YNl

a1gmsldnuvaLunmeIsasualiieuuy [27]

3.2 WALANTOAUITZUUUNEEAIIND

mMsdaUszquuURadanud uisnsdaUszafenssuanazuseiunuuiad vidld
ansndauszaliiinidnUsranuunsstuns uaslinatlndiAssfunisdaszauuunszua
Asfl wadeldluTeuresisnisdalszquuuiadimieniinisdause guuunseLansil Ao
au3071esEU AL SuteuUae3 AR vhluunneitongmslFrusnniundidu ns
SnuszquuuRadauituan soutdlnuanisviauesnidu 4 iue Ao nsdauseaiad
AuUIN (Positive Pulse Charging Mode) n15%zaanad (Delay Mode) n1sanguUsyqiad
#uau (Negative Pulse Discharging Mode) wazniad (Rest Mode) Fan15Vineuuee199s
Tuusiazlvunanunsauansdagui 3.1 [6)

% s

1) 929n150AUTLANAFAUUIN

q
(%

nsvinnululnuni (@29 T-T,) agldasanneuszaunssau laglaing Qs vin9u
wageing Op lalvia anunsausumdladalaniaind Ou uansdsgun 3.1 Weaind Q4 vien
Y9 Ue D 919U 989l Free-wheeling Diode fwidleniiavaendsaulniiniu

avaulinawandlugui 3.1 wazanansadwseinsyianulanseunisy (3.1) 8 (3.5)
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DC(

ot
Vgs ‘E,
Qs A
e
| R -
| | |
I I I
| | | .
Stage: 2 | | | v
Q LA ]
LS N
) Curr Vi l l .~
— t BRI u >
Qs ':_4
1 Dy Vo

©®e%e

UM 3.1 NMsvhnuvenasluwiaslvunvesnalinnsdadssguuuiadainud [26]

QA on : VL = Vdc' VR (V)

QA off : Vi = -Vg- Vg (V)

uninsnave wsesuludnntieni (V) lurrawramiiariuasiinndy 0

Ts ton Ts
f VLdt 5 J- VLdt+ f VLdt =0
0 0 t

on

V=DV V)

nszualiidausyaasiamieani

.1 Ty .
= ZfT] VLdf+ lLT] (A)

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)
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2) NM3vraonad

d' ¥ I -] dy 1 a s 1o

Wowngdnuan1svineull (939 T,-T,) a3t Qu wae Os azlaiviiu nssualia Is
svanandugud 1ng Free-wheeling Diode v84 D wasannidngluunil adnd Qs azvinau
undnseualiiinismeUsergeantusiuay uaaind Op agvinauludienigdseaiad
ANLRAUaURDLY

3) MIMeUsENAdIUaY

nsvihnululnuaiuuswesaziinnssualihaneUssativasuasndsnuiiiuazeay
Ivgnuanaanludiaiiulseueeens (¥ T5-T,) nsneuseqlutndazldinsmussiu
wsssulaeaing Ou axlaivineu dwadnd Opawvinudauansluzui 3.1 deuusaduliy

d' Y a ° Sa a

PnLuaneszlUazauidanieni naidvenensirasesnszualniiazluaanuuamned
LUfwnasdny Weadnd O meani1au Wi D 111911 289 lMAnN1S Free-wheeling Diode
wasnulwihfvazanliluiumieninggnddssesnmduantluguil 3.1 anunsadnsizi

N5 aleRsannIsi (3.6) 84 (3.10)
QB on : VL= VB' VR (V) (36)
QB Off: VL = VB- Vdc' VR (V) (37)

ISP

dunsnAed wsenulwiwmternh (1) Tugiaieniientuaziandu 0

T ton Ty
f VLdt = f VLdt + f VLdt = 0 (38)
0 0 7>
Vg
Vaem Tp- (V) (3.9)

nszualihaeUszquasiunie
L= [ Vdt (3.10)
= Zij VL t+lLT3 (A) .

4) MsgIviniad

Wowidlnuntl (999 To-Ts) @305 Q4 war Op 38livn91U nTsuadnusey Is 9

ﬂé’ulﬂﬁ@usﬁma Free-wheeling Diode 984 D4
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3.3 YANAFaUIATDAUTEaLUURAFAMUBFULUY
Wieliulalddumaianisdnusyquuuiiadanuiannsaussgndldauldaiaty
\n3esdnUszquuameIsasudlii fiTeddlddudunisaiuaiossauszquuuiadaimd
FunuuluseiuviesUfiRng dsindunssmiuangisevesiesufiinsussgndlindsam
nauny anrdumalulagnszasunaniinunnisainnssUe lagldlusunsy PSIM (Power
Simulation) 12e$4u 9.0.3 lunsdrassnisinau ilensaaaeunisviaufianiges « wag
ATITAD ST AIY9993 AouTawinsa e vaaeUNTYNUITIIRLLATEISH

Uszquuuadanudsuiuy

3.3.1 N5919830159AUsEuUUNadANRd TN IUABNN NS
29937l ETa0In1siuluinuansdadszauuuiadanudaiunsauanaless
JUT 3.2 uaggUn 3.3 lnegud 3.2 9uniaressesmas diugui 3.3 audusesildlunns

a59dyInAIUANNSTUEAIRTMAT Fernisniiwesnitlunisdiaadanuisanandlanmisng
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2. gatasfunszualniiiu duevinm 91w 1 9
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4. Bridge Diode
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AIDENHANITNAADUNITN UV LATITAUTE U UALADTLUUNAAAIIUD
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sukuuaunsanandlanegui 3.8 Tugua 3.8 1Wunan1sdnusyauuuiadanuingnusey
WUALABITUIA 12 V 33 Ah 311U 4 gn saluuaynsuiu wudl Aussiuliiiadeuazen
nszualniladelianyiiu 52.69 V uag 8.03 A mua1dU BIHANITNAFaUATEENUTEY
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0D (D)
" o]t &

Max(C1) ~ 78.3333U Hin€c2) =17.0833h
Min(C1)  42.5000U Avg(CZ)  B8.03678A
Avg(C1)  52.6959V
Max(C2) 30.41678

5UN 3.8 XaMIMAEUN1TINUTBLATEISAUSYILUANBTHUUTRdAUDAULUY [28]



49

3.4 1n3099nUTTuUAMaITasudlWinLUURadAdMD

Tudaatuladnrswaukusnesdnsuldaudusaosuatninliianuaasduway
1 LY

dadaa o

amnsadauszqlaegisninig Iuilkinsenuuvairaniesnuszquuaneifiifia
rddluligauvusing q iaduunnune Tneluudalessadieaiesdnuszquumnned
sosudlnifinansnsouansdldesuil 3.9 alldauusznausing 4 dail
- 1995n709ANLANTTUAARY (AC Line Filter) viwthiinsesensueindaininiesdn
Uszquuaine3lailieenlugszuuliiinneuen
- 299313890 58Ua (Converton) vimihiudasussfuluiinszuaadududilmndu
wsssulninsLanss
- YAAIUANTEUUAMATLIT (Power Fraction Correction) siwmiiifiaauamn1siney
19429933 89n3zUa e Snwissiunssulniinnszuanss uazarfaUszneu
sl
- 299suvasliiinszuansadiifulninszuaadu (nverten) viantnfindas
ussiliinnszuanssnduiduliinnssuaadudieaadias
- nifoutaslyifimennsiag (Isolation Transformer) vimihfuennsnAseninaszuy
Inihusardasdauszafussuullusagudlnd
- 2993n599ANLANTEUARTA (LC Filter) vimihiinsesusadiulaiingueanlyieuneu
vhlUSnUs U3
- gmsardunseualndingy (Ground fault Interrupter) vutihfinsavasunszudlii

SAVBINADITEUULALARAITVINIU

AC Filter
Convertor
Transfarmar
LC Filter

Distribution =
grid | Ground fault Interrupter

UM 3.9 lassasramsesdnuszguunnaisaeudluivialy [6]

3.4.1 NM5eRNLUUIATREAUsEUUAAEITaBUAlWTLUURAdAWD
\wosdnlszuuanensudlifuuuiadaudiliiuund ulisnuasade
e ssaUszuUmmedsanuAliiinTaly uiildnvasirvAeanunsadionszualifiuuy
wWada il annsadnelnauls wazannsadandsauliihansasudlwidrgszuulndh
(v26) leldlunsdifiindsnulniiifsmeviodnumgdadesdufuszuuliih fnwumados

gnUszauuuiadanudilaviniseenwuuansauanslansgui 3.10
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Charger Vehicle

Current-limiting fuse : :
AC-ELCB1 AN | Power]
— |line(+)l  —

P il ] —@-—E o——0 ©
! ! |
. — Isolation Lc I |
AC mains pod o lldllbfl.ll me HER | | battery
3¢ FILTER ; Power!-
- line(-) - —
=
o © — — > O O O
| |
AC-ELCB2 I |
I |
£ P I i "
S it/ i Ground-fault | | I
5 o DC power communications e i :
~ supply controller, vehicle - '
0 O—j and other auxiliaries ! !
| |
! !
& !
| FGNT/7 | !
I 1

JUT 3.10 1siAsednUszgiuuiadauaniminiseantuy (6]

9n3UT 3.10 aansnesugdudsEneuTid a1 4 vaseasldsil

1) |wosAALUININDINSYUARAU (AC Circuit Breaker) kuspeniJuansdiu Ao
AC-ELCB1 T UnUnnsasnanuag AC-ELCE2 THUnUn9asAURY

2) wiloudadlifianennsias (solation Transformer) ¥utindinannsnig
seninasvuuliihwesedesdauszafussuulnlusosudllin

3) 19958an5ELa (Converter) vhnthiiuvausasulniinnszuaadusnudi T
Juwssrubiihnszuanss wagmvananszualniuazussaulniinssua
asaldlunsdnyse

4) 39930509ANNANTZLANSS (LC Filter) uriiinsasusatulnidueanld
Bouneudauszuunlnes

5) #amsradunszealnilng (Ground fault Interrupten) ¥iantinfinsiaan
nszualiih$wessasudlniuagfanisiay

6) wunLuAnABULNALABS (Magnetic contactor) i fideuroisesvedios
dauszqinfuLummeIvessasudluiin

FaffaidanarseaziBoafinfuludindu 4 veundesdalszquuuiad

muifioonuuvansauanslafeseluil
- 1I0597UN159AU5E] : CHAeMO
- 1INIPIUNTIUTERUUUIRE : CHAeMO

- ﬁﬁ’ma;ﬂ%}ﬂ’m : SIEEMENS Color LCD and Emergency buttons
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- Maskwihdueenasan 50 kw

- nszualifidnuesnawandnuIn 120 A, nszudliiiiiusengsgadnau 120A
- wsasiulnihdween@nuin 500 V, wssdulnidueendnau 500 V

- fszuulesiunseuaiiu

- T58UUNTITUANURAAUNRVBITZUUNTIIN

3.4.2 2993Mdauazn19i1uvaATassaUszauUAmeIsasud Wi uuuWad

AR
293A0unedneiinnldruiuieiossausquuuiadanuiiduisasuuy
na1eBunavalgleIMne (Multiples Converter) ¥1a 12 Wad 81fun15AUANLUULN
(Phase Control) @sfitaf Ao fin1smuaunsyinuilidudounasdiaafueindia nelu
1195U5ENRUMEnsfolUamssiuliiwuuanisuaznaddedivasiaiu 30 ear uazd
§M91AIUNNTHUIARINVOILUVARISINAY 121 AIURUUARFUAAY 1:1.172 1ilolikle
Ssdnuussiulaindudnsenssiliihduoonintu anduiddansienseuanuy
6 Wad Mdaindridslviames (SCR) $1uu 6 i 2 yaresauiu TaensasiSesnseua yafl 1
Uszneusieaing Al-A6 dwyadl 2 Uszneuseaing B1-86 fauandlugudl 3.11 dsluun
mMehaiuredaiedaUszgLUmneIsnsud Wi LuUWadruda i souaaslafegui 3.12
LA¥FUT 3.13 MuEIRY LagansalannITiAsziAesNeindre119as Auseulud

AIUDBNYDIINAT harAIRIUSENBUAISINAT e Use i uUsea@nsSnannisvinauway
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JUN 3.11 19sAeuesnesildnuiumsewdnlssauunnassasudlnihuuuiadainud [27]
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3.4.2.1 MylATIEasuelinduedieas
¥ a = = ¥ oo, . . =
nszualifidinudunnvenasilesnseuayai 1 aun i, iz, ic 2zl
sUSImilauUI9RsISeensElaL Uy 6 Wad wiasiilariaiueg 120 aam1 Wulfgiuiy
n3zualiinduBUNMved ip, iz kag ir YBINATTEINTEUAYAN 2 Azdavineiuey 120
B3P WAIINTEUA ip A MAINTTUA ia B8 30 B3N Feluladu 9 Aufediu awsauand

NaSIUNSEhaR UL okUadlin ik Tanedl
. . 1 . .
lR: lA+ ﬁ(ZD-lE) (A) (311)

A a s A o0 u a Y
LUBWANTUITITUDUNAAINUN 5 QZIW

i1 sin (5wt (A) (3.12)
ip-Isin (5@t (A) (3.13)
iyl sin (5(t- %” ) (A) (3.14)

WAUAT i, 1), i a9luaNnsi (3.11) azlann - 0 inwuiheadudu
g1sneindafudu 9 wnud1 snsuelindarsun 7, 170, 19 wag Bnviay ¢ annuiiandu
Aud lnganansaSeuiisuaiansueindaifusiig q ¥199933ARULIBSINOT LU U
VRIBMNAVIILUY 6 Wad 12 Wad uaz 18 Wad lanwnnsei 3.2 lngpauliesinasiuy 12
v & S v P S i s a co A ] [ v 6 !
wadazianumizadlunisidauunnige lneliaresusiindaiiomauiuiuy 6 Wad ue
Iaindmdslosninwuy 18 Wad vihliasreunleswesiinisgadeidluinie wazye

Usgndnmlgdrglunisairagunsal

3.4.2.2 MyBasziksanulihiueenvees (Vo)

¥ANN15¥83 Phase Control anunsapruAuusssulnidiueantalay
nsUsuAasy o (Firing Angle) fiuamdlusud 3.14 WaAsuitiosasasyliuifuae
(V) SnsnFuuazussdulniiadedldasiagminlude uidedyy o ddminty
wssilihilFazdenas Tnevtluansausuaum o ldduday 180 osn luaufisru
0 09 uilumaiuity SudunsiSenszuaiuu 6 Wad Asneuswulnilifiamaies
asgldyualitosndi 5 e uidwluwuuiewssulnihldaesfianmasdodldyy a
ffounin 30 e Mluduilingedn Weodosnaiudsufianisnisirsussiulidluitud
uil o HazdosludulufinfinduiuudiddesmunuussiulainlslédBnde Serusaduld

ANUDDNAIUNTOLANILARIFNNTTN (3.15)
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A15199 3.2 MSTEULTgUAIISURTINAAIRUAIY 9 VB9I9TABULIBSIABSLUUNANEBUNG

MNANLDVINATALUY 6 9Wad 12 Wad uaz 18 Wad

Harmonic Typical Harmonics by Rectifier Type
Number 6-pulse 12-pulse 18-pulse
5th 4
7th v
11th v v
13th 4 v
17th v v
19th v v
23rd 4 v
25th 4 v
29th v
31st v
35th v v v
37th v v v

5UN 3.14 anuduiussevisalatiuenssiuaiuesn (Vo) [6]
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Vv T sin =
V, = % jcos ot -d(wt) =V, 6 . cosa ~1.35 VT scosa (V) (3.15)
T 3

lunseanuuuiadesdnlszuumnoisnsudlniuuuiadaudd
Foensusadusnulwihnszuansedt 500 Vde Taoyumadildussiulaiingaan fo su o wirdy
30 991 JsasnoenuuuAusLlN il Feg1sgndes ananntsRl (3.15) unuen
wssuluinfiFesns Ae 417.08 Vac tielildnsualnihiideidossududediyy a doonin
60 091 usssuliazmdeUszann 281.5 Vac uagiiiolianunsaufuaussiulniiives

\3aIsnUszuUaLmesanuieentuul I dufesandnsdiulmimalilaawssiulnii

a1 ]

AuBBNA1AATlATMINY 50 Vdc Fayu o Windu 60 o3A1 wsaaulnid1udwsindy
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CY =® o 2/

74.07 Vac satiu 39dinnseanuuuniisiiadliirluiwnuaiueiwsaaulwinanuiule
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3.4.3 M331aBeN I NUAIdaUsTuUAeITasudlniLuuadautdae
TUsunsuAauRLnes

Tumsdrassmevhnuveardessaussquuaneisasudlifiiuuuiadaruias

14TUswnsU PSIM (Power Simulation) 118341 9.0.3 F329asiildlunissiassanunsauansle

AagUT 3.16 Uagnan1591aIMIVINUaEINsaRandlanagui 3.17 uaggui 3.18 auddu

BATTERY éj

380 V50 H=z

5UN 3.16 w9silgdasimsrinnuvenniodalseguunnessasudlihwuuiadainud [26]

Voltage
400 [r
o | lliir \ \‘ll[ Yf \‘ \*1{
= 1 ! !
200 o
IS YV VY

20 Time (s) 40 60

5UN 3.17 nszudliiihuazuseduliihnldainnisiiaenisvieuaiednussauunnes

soeudlidwuuNadaIud [26]
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JUT 3.18 nszualiihidiwiieniwevnsaiesdausyguuameitasualiiiuuiad

ANUDNLAINNIIINaB9 [26]

o o d‘ o/ ‘N‘ v [
1NNANITTNNBINTTNUTBUAT AU TERUUAMDTTaBUAbNT LU U A d
Auddanslugun 3.17 asnudn nanrsassiladulumunguinladnuivaznig
A o ! v & o v .:1' o < [ d‘ =
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FIWIAUNTTAUSEIUUANDT 8 U waedlgainnIT8nUsEaRUAWDST 2 W Faaunan
n138aUsEy 8 Junfinazin 2 Jund Wunaimunzaungn Wesainaunaidazldnaily
N159AUsEUALNBTINER LNTIZaNT0TenSERalTIuMUARADS I luUSunun Tnglydl
HANTENUAD MM VBILURABT UYL NYIIN59AUTER
WeRiansanssualiliiandniieninwandusuin 3.18 asnud nslvaves
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3.4.4 1A3099AUsEUUALADITABUA LWL UUWAdAMDAULUY
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\wI0ednUsERUAmeIsasuAluuuNada R AuL U UL AU 91989
MINNIRNTFIU CHADeMO Taglasuyunisatvayunisideainnewmuideiasimunnalulad

vaan15hiiiduginie (na.) dnTulasaasnawaznisinauveLAIednUTEILUALADT

b4 L2
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o v a 41' o a YA d'
M1919N 3.3 EUE];{lJaV]'NLW@UQ%@QLQ?@Q@@U?%QLLU@L@@iLLUU‘Wﬁﬁﬁ’NﬂJﬂ

Design Specification

Type Single DC fast-charging station
System
Environment Indoor / outdoor
AC Power Connection 3P+PE
Input voltage range 400 Vac +/- 10%
Nominal input voltage 400 Vac
Input
Nominal input current 70 A
Nominal input power 50 kVA
Nominal input frequency 50 Hz
Maximum output power 50 kw
Output for Electric
Maximum output current 120 A
Vehicle
Output voltage 50-500 V
Maximum output power 900 w
Output for Electric Bike | Maximum output current 15 A
Output voltage 10- 60 V
DC connection standard CHAdeMO compliant
DC cable length 3 m.
General
DC plug type JEVS G105
RFID system 13.56MHz, I1SO 14443A

MANMSYINNUTBIATRIBAUTERLURM BT LUUTadA LD ldrd NNt UAY
gMIINTUIAAAMUUINKAEIUAVTIMaAdRlaaznTuTUSUN 3.21 N1991191U5HINNTT
AMUARIFLEAaLaEAIINANITAINTY MEIINULLATISAUTELUANDIHUUNAFAIIND L

$9UE9TA LU ALASRNRITUIINNLSIFUINAIVD I UALADT DS IFUINANVDILUALADS

Y

wnnIsRUlnigaUsEaniivun fruaANIryinITandnsINITaganfuUINaie i

q

wsesulnA1va U aslutiuA A 1MualY wad wsIaulnA1veILUmmeSasnin
wsatulnidauszanimuall agiiasudedndnszualindauszaiiudarnnmvuall

w3kl A LAUMAIUANITANTNTINITUBAEARUUINLALLALSNTINITUOARMUAY G1A7

nszualiilifudeaiudnsnmsueganiuuINkazandn I ILBIAAAUAY



Veharge <V, NO O
YES
Delay 8 Sec
'
v
|m"r =0 Icharge = Icharge set
Delay 2 Sec
__"
NO
SOC = 80%
YES

Current form EV + pulse

JUT 3.21 laazunsunsinauresnIessnussauuameswuuiadaunauLuy [26]
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3.5 ManadauLATadaUsTuUMMeIsnsudlniuuuRadaudduuuy
Tuidedavihiauaiinafunimegeunshaureuaiesdnuszquuameiuuuiad
AuAFULUTSe93UN198AY 2R NLIRIg U CHADEMO dsfildnd1iundeuntiil 44
Usznoudie nanImAgeUn13aeasuIAsgIL CHAEMO Yaan3eddnysyuuninedsnous
Iwfhuuuiadanudduuuy wagmsiisuiiisunansyinuszninaniesdauszquumnes

soeudliinuuiadanudfiuwuuiunIesdnUszalunmeITaeud iy

3.5.1 NAN1TNAGDUNITABAITNINTEIU CHADEMO B41A3098AUsEUUALAES
sogudlnfuuuiadanuddunuy
STUUNMTEAUTEUUAABITUALNTNINASEIY CHAdeMO YBaIARssnUseq
LumneIsneudliinagfesldsumussiulnihuaganszualuiihansosudliinlagdasiu
Yosmensdieans WiemuaimMsvnureAsosdaUsEIsaUsEuUAmeIsneudliiiliee
nszualylihpuiisasudluiiidesnis I@EJE‘ULLUUﬂﬂiﬁﬂUi%ﬂ!ﬁ]%L%ULLUUﬂi%LLﬁIWﬁWNﬁLLaz
wannszualiiiadlussfiuunmeidaussiulndnasaauguunned (%S00 g4ty
fadisnsudlniiazshmssiuuensuaisomnisanausssulsii AgUVATIYBILUALAES
A %SOC uagAdu 9 WlaruaumssnUszglvianmnzaufuLumae3 viliuuninesl
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Technical Specification

TQVC500M2 TQVC200M1
Charge Output Voltage 50VDC to 500VDC
Charge Output Current 0 to 125A 0 to 62A
Charge Output Power 50kw 20kW
User Interface Interface to Vehicle : Serial 1 Ch,

Remote Control Port : Serial 1 Ch, LAN I/F (Option)

Electrical Input Requirements | AC 200V + 30V Three phase 50/60 Hz

Operation Temperature -10 to +40 °C
Operation Humidity 30 to 90 % Non-condensing
Model Dimension 1,000mm(W) x 600mm(D) | 600mm(W) x 600mm(D)

x 1,900mm(H) x 1,600mm(H)
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(@ nduaal) lulswesveuaiaannialiiwuuddasdassiuauliaugariussuy
N13AIVANAMURBYIUNTIALANITTINNUVBFIATUANEN WBNAINT Sa1u15avTRRIY
Weauuaud arenisavaunisdtemadlniiveddeaisiwas feiuay wasunasasay

) a It & o % A A = ~

WAIURUALADT HIUYAADWBSNES viTbiaudvesssuululasnIadinisasuwladiies
dintioe (50 + 0.5 w30 60 + 0.6 Hz) Fsdulngjazldnagnslunisauauassiu laun ns
AIVANVEN (Droop) kagn15AIVANTIAIABULIBTMES Auandlusu? 5.2 Lagaiunsaiivua

FuUsriiananiinsasunlaadnies lgrsaunisi (5.3) [31]
T=T+AF (5 (5.3)

Tnefl e AWMU
T flo Amise it
AT A9 NARINAIAUINIAN
davulauiiunudvesaunsi (5.3) aunsaussmanduauniseyiusdsy

finislemsaunisy (5.4) [32]

_1—1’5
T 1471s

e =ATIS.

(5.4)

ngdl - e Ao AIFIUVRIRBNNSTUTITUYA
S =jwy ey j =v—1
Wy AB ANAUDNTIINYIR (rad/s)

WoknuA1dun1si (5.3) adluaunisn (5.4) agla

1= (T+A?)s

e—(TiAf)s =
1+ (T+A7D)s

(5.5)

1 1 Y o Y ! P [
AMInavassksamsan nualiluaAganifaaunis (5.6)
e~ @ADS = ¢ 4 . (5.6)

Tnef c; wae c; WumanuiuRng
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faugidn fudseing o aziinliszuuauauynuReUng usnuatuantes
Tugumuaufifudniladevilsiidmanssnuiduiy Fremail Famsinnsanaumsd (5.5) uaz
(5.6) TunseuAunsviauvesssuululasnIame

dagtiu insesiudaluiiuuuddastaluszuululasnialdgnunudidiounas
waanszualiihanndsunaunuasndnunadenilddunefinesviersunesinesiiy
fulasiundsnuuagdeudeidnifuszuulndh deiu nismevauesnudesvessyuy ()
Lazn1sunIsesszuy (D) Tnevhlazeglurie 1-10 Jundl uazazanasegiawin flesan
SnanaAsunUastesarui (eyiusennud dF/ds) vesszuulalasniadiadu vldiAans
Deauueudegunngs dwaliruinnuazanasesusnds szuulilasniainall
iadpsnm wazthlugninammanisallfudadunsdfiarirengs

Tuthenandu q 1 -10 5wl 29esevaundnedliiiussansnmfisanedias
Fanisfuannzanidudana Taslamzegadaneldaniunisaifigunssvesniuidesiisi
Suflosnnuudsndsrmaununasndsumnaden fefu denisaivqunisinauyes
szuululasn3abidivsednsniw dyamanndauaussgnasludessuuiivasaundsanu
LURMBI T AILANNISINUSE QUATAIIMEUTEuRsTaEUR T aLanslusUR 5.3(n) was
ﬁiyiyﬂZLH]’]ﬂ(?f’Jﬂ’JUﬂﬂJgﬂgﬂﬁﬂﬂﬂizu’mNﬁLﬁ@ﬁ%’Nﬁ@Qj’]m PWM dmsuldaiuaunisvinau
yesApUe e SUsvaNEnnzLaliihenlemslvaduas fatuaudauandluguil 5.3()

wagsuil 5.3(A) mMuawiv lilemsuauANuDvesssuululasnIaltegluanisnund

5.3.2 anahiniveuiiatuluszuululasnin
Tudauil suifunisinauenvliviuenyesgduuunsnannssualiiives
TwanfiwaduazAwiuauildlunisdiaes fsafrsnnusuniudediniuauaiunsauan sl
aun1sf (5.7) uag (5.8) auddiu Imaﬁaqﬁﬂszﬂauﬁ”’aﬁmwmgﬂﬂﬁulmﬁLLasﬁzgzgﬁmgﬂﬂﬁu

%mﬁam
AUpy (s) = Upy + AUpy (5) (W/m?) (5.7)

AUyp(s) = Uyp £ AUyp(s)  (m/s) (5.8)

o

a7 Upy wag Uy Wuaiadenisuisdniseiinduazanusiay audsu

'
L =

wag AUpy wag AUyp \unsuUsiuaedn1sunssdniefinduasanuisian augisu @

aun1s (5.7) way (5.8) Wudmdaniviliszuululasndananisideauuanud
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Frusunisuustususasudbiilglunisinassaziduluanuannisy (5.9)

Ny

AUEV(S):Z(LEVPTEVJ) (5.9)
i=1

Tnedi Ny Ao S1uwausasudliiiiomedideudelussuululasnin Ly, {Ju
Faulmssny (0 w3e 1) uag Py, Ao Aiamasinvessasudlniusaziu Tuanuduas
Srunusasudliihiiandsndssqduazunandraiy fewnai aruudsturessiuousosud
TWihFsdmansznudonsdesvuanuivesssuulilasninguiontun sl siuenisur

$3dn9TRgazANLS Al

Signal from Energy
controller ——->| Storage
system

Max. limit

AU EV Electrical
—> vehicle
model

APpy

Min. limit

(n) viienATUANMIINNUABLIBINDIVBITE UUEAUTEUazAEUsY R snus T

Max. limit
Solar PV PV MPPT PV
AUpy — arrays algorithm Converter + APpy
Min limit
Reference |
signal +"
Signal from PWM control & current
controller s setpoint controller

() UdenmIuALMsnuABesnesTetnaNannszudlihanlsasived

Max. limit
Wind WF MPPT WF
AUy —> turbine > algorithm | Converter +APWF
Min. limit
Reference
signal ™ 1§
Signal from PWM control & current
controller ~ setpoint controller

(A) VABNAIVANNMIYINUABULBS M TV TaINEANTEalTansiuay

JUT 5.3 vdenilaidunazdyaavesszuumuny (2]
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5.3.3 Awsfimasang o vasszuululasndadildlunisanen
suululasninfilflumsAnudauansluguil 5.1 Uszneuseuvaadnendsay
T vaneUsznnuarinanUsznnens 4 Wislinsdassdidnvagadeiunsinuaives
szuvlalasnia Tiud Tsslifihmdsnuanufouuvuiedosiudalningdasdaiiduundade
nssualnivdnvesszuululasninvuin 15 MW Usinaaudesnisinaslnihvedvanly
SEUUIAUTEIN 55 MW undawdnnseualiiindsnuauuuin 7 MW 39134 3 4a wied
wannszualiinleardiwaduunn 5 MW U 3 99 AAnuuUADITeTnEUA LYY
0.1 MW $1u2u 30 fu uavaNuAlrszuvaraundanuiummeiivuiaiumdsliiwes
ﬁi’ﬂmuﬁaaum‘iw%ﬁu’wmﬁL%awiaasgjﬁﬁ’mﬁmﬁ’u iloauaundsuitlduessasudlii
waniiu lunssiassnisiieiuvesssuululasnia Amdsulnifindaldanfeiuauua
Twardiwad wazduausosudliihiieusefuszuululasnInasduuuudu ienaasy
UsgAnsnwnisvinuvesiinuay dslunisdiassléimundrindslitihg uvesszuuden
Wiy 20 MW
szuumuauiiandlusuil 5.2 I8Sunmsfnmuagiautudmiunmsles gy
anudvesszuvlulasndauvulawmisind Tnedl Governor UMM SHEAN SELALHIN
uazeIIsoUTeAIRsiialiih (GRO) uavilfaiuaunmalvan (LFO) wuumiiena
flaninsansaadumuildegaindndusnuauies mirtuaunannszualniives
i3earnialnifinlag Governor gndiiindl 0.06% 130 0.035 Hz (x 10% - 15% MW/min)
N1INUINIAINITAIUANDYIENINN 0 - 0.05 T (N15ATUANUUY Droop N15ATUANLYAS
aYaUNdau wagn1snuANABULeSneTlusruL) Wenwadusnimadiuivesssuuly
sevisiiinvngnidy wasfiszuuinifiundauitannsoneuauedsenuivessyuuld
melu 10 Jundt ieusuaunaidalwinvesssuulilasnia dvsuimuaumnanvedszuy
(Governor) aggnlimunuamivesssuuiieufuanualiingiadosanuioaniizasin
Tyainglu 10 - 30 3wt uenIndl sruuAIUANE AT GALAEvessE UL AT TRl
nadudganiizuniniglu 10 - 30 W1 MINAATBRANAINIINAITATUANNITYINTUUDS
ADULIBSINES
Mnanudesnisivandiliuiuey litnsdulvasluaiaugeamnssy wa
wiswgha videlniiogeds nmadsuulamedivanimariideindunssuniussuulilasia
dosn mslédlfluaiiuiisng @ lifienuaiiaouaylifinismuauauiivesssuu ey
wuuassedsieitiaueiidanuuiuduanfivanedmiuldlunisfinu aunsavinu
meldaniiznmssumuiivarnvats wenani rounedfnesiiannsafiuanudvesssuy
Fognesind fafu Fedulaldhmsmuaunisinureseeunesinesluszuululasniaesd

Usgansnnuagyibvidndeavuanudnduinganizasi
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Andonuunruivesssuvarinnsananuansgnuiiiaduluaniaglaundin
Mnmsudanszualndih mslifdslaihvedvan nsauauANLesTeITEUY NMIAIUAN
LUU Droop N15AIUANABULIBSNBSYaIwnasindandeulniianndsnunawnuwas
W aden Sslaua ndanua uazndsLULAIARS uaznIAUANABUND MDY

Fusaeudlii anansowandldaad 13, [14]

1
AF(s)=2——( 515 AP, ;- )" APy ) (Hz) (5.10)

A § v 9 e %
LN@I%Q’]UﬂUigUUVIﬂﬂU'} ﬁ]giﬂ

1
2Hs+D

AF(s)= ((FAPG+ S APpy+ SAPpy+ S APyr)- 5 AP, (Hz) (5.11)

1918‘17{ {APEVAPPV APWF}EAPml
dwsunisnadeudseAnsainvesisnismivaunduauedwandlusun 5.2

ansadeuannsaaIugldReaunsT (5.12) uag (5.13)
AX(s)=AAX(5)+BAU() (5.12)
AY(5)=CAX()+DAUG) (5.13)

i
[

AvualilalinisAIuANL UL Feed Forward Tussuu danu agla D = [0] Wie

€

LY

WUANANNIST (5.4) - (5.6) adluaunasii (5.12) uae (5.13) ST INTMU A Yyl

a 3

UNNLAZIMNNVDIIRIVANIL LG
AX(s)=AAX (s )+ BAU() - €™ (5.14)

AY(5)=CAX(5)- €™ (5.15)

A v s %

Tnef X Ao sunusveednusanusluszuululasnsa X, U way Y Ao

3

NNABSTANIULBUNALATIDIANANINAIRY d3U 4, B, C Uaz D Av uNInan usdunm

119NN Uay Feed Forward analdnsiy
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= IS [ a a
"'Nﬁ']ll'ﬁﬁL‘EJFJuallﬂ'ﬁﬂ'ﬁﬂ'JUﬂilﬂ'ﬁ{j@‘UﬂaULLU‘U'Ni@‘U‘U@?JENiSUUIUE“UVI 5.2

I§ssaunsi (5.16)
AXy(5) = (A-BU(5)-¢" )AX,(5)
= (4-BU(s)-P(s) ) AX,(5)

= [ANX,1(5)1- [B'U (5)-AX i(s)] (5.16)

Tnudyansal * wunedsiulsdygiuninisunianal wag Ps) Ao lunsnd
WYUUYDIVBITIUUTATNIIVIIAN
1NAUNTTH (5.16) Llaleu K(s) luguveuarviny AY wardyqinniuau

AU Tpslanansauandlasaaunsi (5.17)

AX,(5) = [ADX,,()]- [B'C/(s)AX (K (5) AX.(s)] (5.17)

v L3

Ipafidyanval cl vaneda SYaIAUANTRISEUULULITOUTA duLiulein
NSVUIMIA A NANTENUFBINENNABIVBIENNITN (5.17) WazanAnuianysvegUaIuAL
luniifinualy K(s) Aa Aamauay Pl kuudiumilanysznaumie K, uaz K
[ 1 d‘ d! Y QAI d‘ U v L4 =
ANARAIUNUNZEY FIdINIToandlassannisn (5.18) lnendydnwal k naueds n1g

AMRUNNTANPUN K
Kk(S) E Kp,k+Ki,k S (518)

5.3.4 $A3uAY Pl Controller Nlglun1sAnun
NNsviuvesszuulilasniandnisilisusdawmasniial 1asasevee
ATUANLUUTALELIAT (Time Domain; t) 81akia1u1saAtuANAIINdvessEUUATETA
anun1sainisilasuwawng q 1a ielviiauausuy P ansaiiunieldaniunisal
! Y v o v < a = Y v =
7113 9 16 famuay Pl Aldeuaziluiuuisseulin deaunsalansaunisaniuelanaunisy

(5.19)
AX o1 (0) = A' (DX o4 (0) (5.19)

g9 Aak PD LUNINTAN1ULITOUTN wae Ki AD A dun1sn &% 1o 9 e

Weuaunis (5.19) Wegluguvesesdusznaummindasla
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_ ap (@ o ap© x1 A 1 (2)
X x(O= -
aml,k(t) amm,k(t) mxm xm,cliAxm,k(t) m (520)

x1
W1 @1 oo B \OUBIAUTENDUVDL Ay g WAT X Xy o WIUBIAUTZNOU
V83 X, WAN1IZAFT Ax; . AN, ; WUBIAUTTNOUVRY X,y NTN1SIUAB UL AT
WWntios way m \Julfveuunsng

v s d'

Amuali £ dueyiusvesanudvesszsuuiinisaniunis kla 9 agla
< o z:l' £4 LY ~ [d 3

fl,k""2f11,k WUAIUIANTULTIADARRDINUAINATOITEUU Lae a/;l,k""’a/:m,k Wuesalsznay

VBUUNINGAUD W8N FreX, Wag n<m loAnaNIzA1ANDaIN1TTEUANNITH

(5.20) l&ds@unisa (5.21) uag (5.22)

O] s o o] [0
f],k‘(f) a’,:.,yk afk > fiAf’;Lk(t) (5.21)

701 [0 (Bar,0) . +d,,0 (a7, 0))

= 3 ) (5.22)
s O | 0 (P, 0) vl ()

nxl

Nnaunst (5.22) Weangu ), ,d,  Woglugu Ki Falumsfinesald
lunisauau i linansidgsuuaud Af, L. AL, TAanas wadwsnlainnisangy

anu1sauandlafsdunisn (5.23)

(@il ]
min

. : 5.23
(1 529

9 ¢ =

lae?l min Ao A1AEA wag | - | Ae Aduysal FaleulunisaiuanAuDves

LY

seuulalasnsadulumuannisy (5.24)

0.95f < f< 1.05f (Hz) (5.24)
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5.3.5 danassunisaluquuuuliufldiinaue

Sanessunismuauuuuitiausausauandlifg Ui 5.4 SaneTtuilazgn
ihlvldemugumsiauresmnsimes Ki tiemadgassuandluaunisi (5.23) aneld
Heoulvvesaunsil (5.24) Tnsannsnedunedunounisviauldssd

1) Tumseudunsiiaidu & la q aansedessinsdeavuninud AF 1

2) amaidosuunnud AF) Aldasduluauldeulvvesaunisi (5.24) fe
0.95f < (f£ Afit)) < 1.05f Wnpazdumnisines Kox way Kix sauansluaunisi (5.23)
Afenuwsgauiigadmivldlunisaivay uidiaudvessruululasnialiduluany

Reulvvesaunisi (5.24) szuunisarvauazilasunisandunisiludidudall fe
kth = (k + ])th
3) dmsunisantiunisiuddun &% = & + 1) asdndtuneuluden 1) Ty

wazuguguillubes «

nsvhEdunoud 1) Sstumeudt 3) aediliantesauntsit (5.23) anadlunn 4
NsAdiuns wafinawsn Ao aansatieanuaviganIsuaiesaudluszuulilasnia
16 Fanrsmariimngaudmiuldnuiuszuomuauaylidaneituuungueynin (Particle

Swarm Optimization) [34], [35]

At k'™ operating point. |«

Y

Analyze data of
frequency deviation (AF).

v

Check constraint in (21).

kth — L.th +1
Yes System change to

95f < (f £Afi(t) < 1.05/

a next operating point.

No
Change control parameters of
K that satisfy (21).

JUT 5.4 fannsviauvessyuunismivaniitiaue 2]
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va o 44'

dmsutenvasiiamuauwuulsudlaniiausdioWeuiuiianiuauwuus Pl
AsTdaLduMIMIUALLUUIAY fip

1. fmuankuuUTudlaanunsausuamnsiwesnismivaulaeg1ednludi
Wielndulunuilsdduinguszasdvesaunisi (5.23) meldfoulansiauvesaunisd
(5.20) Wunalvaninsnse furnudusnuesailussuululasniald

2. mymaivzaslunsauaudunisnssyhuulamuaud dealiszuy
finsvhauiinaduasiemamngaufiunmsmugumsiauuuiEealnl

nisnnseenuuuszuululasndaildlunisfnu Fasgnoude nisiinua
Uszinnuesuvassannszudlniuaglvan nistivuedadsaliviueusng 4 fifinanseny
fonudvesszuululasnin n1sfiruadinisdmesane 4 Aldlunismadeu wagns
penuUUfMmuUALLUUUTuRlFenugunsiausesszuululasnda Tudwudaluazdu
msiisueRamsiiansnsmuaNnsiaresszuulalasniaildinsnwimeTusunsy

ADLNILFBS WSaUNIBAUTIERNANMNATUINNNITINABINISTTNEY
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5.4 HAN1331ABINITAIUANNITNNNUYBITEUUINIATNTA
TunisnsvasudszAnsamaesianruquitinausdseenuuulagldiledduy
Inqusvasdnuannsi (5.23) wadlddanesfiunuudiumldfuandusud 5.4 evnaasu
nsviauresssuuiinandlifasudt 5.2 lunissiaesnsvheuvesssuululasniabuldld
TUsUnTU MATLAB/Simulink vianusiuiuudenilenduiasu Tawn Control System Toolbox
[36], Signal Processing Toolbox [37] iaig Optimization Toolbox [38] Fanr31fwmesues
szuviildlunisdraesanansouandldfmssd 5.1 dwduwanissiassiuazndunisdnu

Y] ! = = ° A v Y ! Y] Yo
ﬂimm'ﬂ@ﬁqﬂLLagLﬂiﬁJ‘ULV]EJUNaﬂqﬁﬂqa@\‘ﬁ/ﬂﬂLN@?%UUQﬂﬂ?UQN@QSﬂW Pl LL‘U‘U‘UTUG’]'ﬂﬂﬂ‘Uﬂ']

Pl wuuAsndaduamunzadlaesuiuldanaunisa (5.23) luan1izinal t = 0 3wl

M13197 5.1 AINSIELND5UBITEUUAIUAY

Parameter Value
Damping coefficient, D 0.02 pu
Inertia constant, H 0.080 pu
Governor time constant, T, 0.12 s
Turbine constant, T, 0.43 s
Droop, R 1.75
Maximum limit of Pl controller +0.2 pu
Minimum limit of Pl controller -0.2 pu

AuUsildlunisfinuanusananalansguin 5.5 Usenaume sukuunisldnuluan
FuusosudlniNgausey Anusan nsuksduasenfing uagdgainmviana luns
a o ¢ v = a I R -
NAFBUTEUUMIYININSANBIAAILUSImaaziinTiGsundasegraiuiiviulaiienaaeay
= a = Y i = ' = =
wdesamvesszuululasnia IneReulvvesiaudseng 9 fe Avedraniinisiudsundas
Tugas 25 - 45 MW dauansluguit 5.5(n) Suusagudiiniinn1sdausequuaLAeTuAALRY
JUN 5.5(1) Beluaaian 180 - 350 s uaw 820 - 840 s Liiin158nUszauuninaisagudlnii
AN egluYen 6 - 15 m/s wazluginian 120 - 500 s audauuwlsusiuegng
neuiuaInUszana 5 m/s W 15 m/s dauanslugui 5.5(A) Anuiduuawednige1ingd
ANULUTUTIWRYLUYIE 250 - 375 W/m? danandluguil 5.5(1) wenani ullnansgnuain

ANNA VB UNIT Y B UNNUAZIDWINN VDI IAIUANAIRARILUTUN 5.5(7)
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(3) AUAITIVRIF YUV YR B UN AL VINNVDIFIAIUAL

UM 5.5 muusilglunismageunsviauvesseuuniuay [2]
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HaN1531809n1vIuvesssuUlulATnInansawandlafsgui 5.6(n) alavinnns
WisuieuaudvesssuuliinnlaainnisinuresiimuausuuUsuilasiniunuLuy
A1 Pl Al wazwuuiilifinismivau Tuaniizisudunnal t = 0 s linmualiszuululasnia
N a ~ & v = A v v W = W & &
fUsualvaaiieadnies dnsweuseniuiwiuay 2 ¥a waveusenulyaiiiwas 1 Ya
WU hagi1ruaAIAudveIssuululasnsandanarinlissuuiiiafesninasneainng
WasuwUasAAudliiiu 5 % wse 0.5 pu wnszuululasn3aiinisiudsuudasainnud
winnagiionndimuauliaiuisaniununisinaula

Tuga91981 0 - 100 s fpuaukuudsuilaniinisusuan Pl eg1adaludfanuise
) Y | a :MI a v Y 1 dl d‘ a a dd‘
inulalusgrefiliewisuiudinruaniuual Pl asikagwuuliinisaivay Tuduiia
100 s dmsiousiognnsiuatiiniuszuulilan3ngn 1 4a snudi daruAuLuuUsumle
mmsamuaumiﬁﬂmulﬁlﬁuasmﬁ dIufAIuANLUUAT Pl A9 §9A9E1UITAAIVANNTT
auvesseuulvidiadesamle uazszuululasninaggaydeiatssainmnlaiiinisaiuay
N394 FanmvengaRsanandlanagun 5.6(v)

Tu229 100 = 400 s aunsadunalatalandtnuszunm t = 120 s szuululasnseanly
A v a a | ° v A | v PN a
fiauauazgadsiadgsnmuas luanansavihauls Wenawiululainisiuysunalvan
z:l' U o val d' 1 v I3 [ 4' 1 o w Vo Ql' Q' é’ Q:I
Pl vinlrdnsieusenaiuaukaslaasiwadiiaatsmastuidlinulrnaniiudu nsens
1987 t = 400 s AIMIVANLULAT Pl psdildlanunsavumiusionsidasundasilainlvssuy
lulasnIainnisgayideiadesnin wilunenssiuduainivauiuuysuiiladaunse
Aupunsvuldidueginaraiupuaiaudlieglugsiiuadaandlusui 5.6(e)

d1usuludaeian 400 - 1,000 s §9u331 Ane 9 vesssuvlulasninaziinig
WasuklaslinazdunmsiiuwazanuSunamedvian nsiutazanUSuiavessaaus iy
nsiiuazanUsuunwannszualiivesnsiuauwelsasiuad uagnisildyaiusuniu
wsemNUaveINITasd L IAIUAN AIAIUANLULUTURILASIENNT0AIUANNITVNAUY
vosszuulaluegidanandugui 5.6() lnsanunsauiuan Pl aldlunisaivguldedng
Wz aY 981313038 UNIBUAT Pl 90969AUANKUUUSUAIATUAT Pl U83A3AUANLUY

'
oA

Aa & ° U ¥ 1 a ¥ o Y v d' ] o d'
ﬂ\‘WI‘VILU‘Hﬂ’W]L‘Vm’]ZﬂmﬁﬂﬂiUlsﬁﬂ’JUﬂﬂJﬁgUUIusﬁ’NLiﬂJGlUﬂ’]iVl’]\‘i’vaﬂﬂﬁEU‘VI 5.7 ’d’]‘Vii‘UE‘U‘VI

I
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An EV Quick Charging Station Using a Pulse
Frequency Current Control Technique

Phoompat Jampeethong
Dept. of Electrical Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand, 10520
Poompat (@hotmail.com

Abstract— An electric vehicle (EV) quick charging station
using pulse frequency current control technique is developed
in this paper. The current source modular converter
configuration is used to perform the charging pulses with both
positive and negative pulse to achieve time required for an EV
which is less than 30 minuies. The posilive pulse charge
permiis the high peak curreni charge: this will lead to quick
charging mode; whereas, the idle stale can control battery
temperature rise. The frequency used for pulse charge
technigue can be varied depending on the type and condition
of a battery. The use of current source converter can offer the
inherit fault tolerance capability and bidirectional power
flow. PSIM 9.0.3 is utilized for simulation study and the 50
kW prototype is developed to validate the proposed notion.
The simulation and experimental results illustrate that the
proposed pulse frequency charging technique requires about
16 minutes to fully charge baitery from 20% of SOC ai 80%
of SOC. The temperature rise of pulse frequency charging
technique is less than 4 °Cithese can lead to quicker charge
and longer battery lifetime. The results suggest that the
proposed technmique can be applied for an electric vehicle
quick charger station.

Keywords— quick charging; electric vehicle; pulse
charge; SOC

L INTRODUCTION

Recently, electric vehicles (EVs) have grown rapidly as
demanded green energy form the world. More specially, in
a large city, air pollution due to CO; emission is a concerned
issue. For instance, Nissan LEAF sales have officially
surpassed 100,000 units worldwide in January 2014
capturing about 45% market share of EV business. Also,
the battery technology for EVsis developed to be a high rate
charge and discharge. Therefore, higher number of EVs will
be used in the next few years. It is expected that more than
5 million EVs will be utilized by 2020 [1]. Generally, EVs
can run for about 150 km; therefore, a charging station is
required which has a function like a gas station. There are
three important issues for a charging station: quick charge
(less than 30 minutes), long battery lifetime (low
temperature rise during charge), and standardization (every
vehicle providers can be used).

Constant current (CC) and constant voltage (CV)
method is normally used for a battery charger. CC provides
shorter time for charging a battery with higher temperature
rise; whereas, CV offers low temperature rise with longer
charging time. With the limit of voltage per cell (V/cell) and
maximum charging current (/,..:) from battery providers,
CC and CV method cannot meet the 30 minutes charging
time and low temperature rise requirements from EV users.
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Thereupon, a pulse charging method is an alternative
technique for a quick charger at high current. A pulse charge
method can be injected higher peak voltage and current with
the same of V/cell and [, rated; therefore, a charging time
is shorter comparing Lo CC and CV method [2].

‘There are some previous researches using pulse charge
technique for a charger application. The hybrid method
between regenerative pulse and equalization charger using
a DSP has been developed in [3]. The proposed technique
used high switching frequency for charging operation
which provided low ripple current but higher switching
losses in power devices: this might lead to high temperature
rise. A flyback converter with positive and negative pulse
charger with power factor correction has been introduced
in [4]. The results in [4] offered a good power factor and
bidirectional power flow; however, the temperature rise of
the battery did not discuss in the research. Designs of
battery pulse charge with varying frequency and duty
cycles have been proposed in [5-6]. The proposed method
has been designed for a small Li-Ton battery and could be
applied for an EV battery. However, the temperature rise
and the effect of frequency and duty cycle of pulse signal
did not investigate. In addition, a review of charging
algorithm for Nickel and Lithium battery charger has been
performed in [7]. The methods discussed in [7] are
investigated mostly a small size applications for mobile
phones, laptop computer, tablet PC, etc. One can see that a
few researches have been done for a pulse quick charge
technique for an EV.

Thercfore, a pulse frequency technique of a quick
charger is proposed in this rescarch. Suitable duty cycles
and frequencies of positive and negative pulses are
investigated for a particular EV battery.

A\YE

Fig. 1. Quick charging station for EVs.



Dutv cvele and switching frequency of the developed
paradigm can be controlled to meet the quick charge and
longer battery lifetime with different type of batteries. The
proposed circuit diagram is an improved version from [8]
which can operate in bidirectional power flow via using a
current source converter for better fault tolerance
capability. PSIM 9.0.3 is utilized for simulation study and
the 50 kW prototype is developed to validate the proposed
notion. The possible quick charger station is shown in Fig..
1. A possible application of this proposed method can be
used as a charging station for an EV as proposed in [9]. A
set of photovoltaic cells can also be integrated with a
charging station for better energy efficacy.

I1.

To represent a batterv electrochemical action, the ac-
impedance method 1s normally used as clearly explained in
[7-8] and will not repeat here. Briefly, a charge transfer
resistance in  a battery represents to interfacial
electrochemical impedance and this resistance is reciprocal
to exchange current density (i,) and the exchange current
density can be written by

PROPOSED CONTROL PARADIGM
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As can be seen, in (1) the parameter ¢ can be changed
by a charging method as explained in [7].

The pulse frequency can be generated from a modulation
between desired positive pulse and negative pulses and a
triangle waveform. The positive and negative pulse width
can be controlled depending on the batterv conditions
(V/cell and Jmar) and battery temperature rise (47°). The
temperature rise during charge can effect a battery lifetime
as depicted in Fig. 2. Clearly, if a temperature increases
about 5 °C from 25 °C | a lift time is expected to decrease
about 30% in lead acid and about 10% of lithium battery.
A circuit operation incorporating with related pulse width
signals is 1llustrated in Fig. 3. The positive pulse width 1s
depended upon V/cell, whereas, the idle state is referred
with battery temperature rise. If the batterv temperature rise
is higher than 4 C° the idle state interval will increase to
control the battery temperature as depicted in Fig. 4. Fig. 4
also shows a flow chart diagram of proposed quick
charging paradigm. As can be seen., temperature rise
control is used during constant voltage charging mode: this
would not cost battery lifetime.

i, = Fi(1 <0) 02l (1)
where,
I© = the Faraday constant (96487 Clequiv),
ko = the standard rate constant for heterogeneous
reaction,
o = the mole fraction,
a = the transfer coefficient ,
(=) = the concentration at the surface of the

electrode.
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Fig. 2. The temperature rise during charge can effect a battery lifetime.

Fig. 3. Proposed Circuit operation
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PSIM 9.0.3 is used to simulate the notion of the
proposed system as illustrated in Fig. 5. Gate drive signals
are generated using pulse width modulation (PWM). There
are two reference signals: positive pulse (¢ ) and idle state
pulse (d = ). Positive and idle state are independently
control. As previously mentioned, positive pulse width (d
) per cell (Viell)

is depended on voltage

YES
idl.'lrgum =l

NO

Icharge set < 0.8,
Ttrge ser <UL lig ‘

YES
NO

YES

'dnm”lﬁmml

7

NO

YES
(END)

Current form EV + pulse

Fig. 4. Proposed control paradigm
and maximum charging current (/) of battery. Idle state
pulse width (d ) is used to control temperature rise of a
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battery during charging process (177). Both positive and
idle pulses at 50 Hz frequency are modulated with a
triangle waveform at 5 kHz. For a particular study, d* =
0.5 and d = 0.08 are used. All gate drive signals and
modulation signals are depicted in Fig.. 4. The simulation
results are shown in Fig.. 6. As can be seen, battery
charging voltage and charging/discharging current are
pulse frequency signals and can be controlled V/cell and
Imax by adjusting & and . As can be seen, the circuit is
based on simple buck-boost converter with bidirectional
power flow function. Also, a control algorithm is also
simple and possible to implement in a single chip.

[L

The developed 50 kW prototype of a quick charger
using pulse frequency technique is shown in Fig. 7. Nisan
LEAF 2012 was used to validate the charging time of the
developed charger. The LEAF has 24 kWh laminated
lithium ion battery and requires 30 minutes at 50 kW
charging time for a quick charge mode. The developed
current source converter can performed both conventional
CC/CV charging mode and pulse frequency charging
mode. The developed charger is communicated with the
Nissan LEAF wvia CHAdeMO standard. The suitable
frequency and duty cycle (d ) were investigated for this
particular battery as shown in Table I, Obviously, 0.75 duty
cycle of positive pulse with 25 Hz frequency was selected
as a reference signal to modulate with a triangle for
generating pulse frequency because they provided less
charging time and lowest temperature rise. The selected
duty eycle and frequency are selected based on battery
measured parameters from the tested Nissan LEAF. The
optimal dutv cyele for pulse charging technique can be
caleulated based on charging efficiency and exchange
current density as developed by [7-8]. It should be noted
that different batteries (types and providers) would have
different battery parameters.

EXPERIMENTAL RESULTS

.

o i
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Fig. 5. Simulation model



The developed prototype was also performed
conventional CC and CV experiment to compare with the
pulse frequency charging mode. Fig. 8. and Fig. 9. are
experimental results of battery charging and discharging
using CC and CV technique; whereas, Fig.. 10 and Fig.. 11
are the experimental results using the proposed pulse
frequency technique. The LEAF was validated at a same
circumstance. The LEAF was charged from 20% of SOC
to 80% of SOC in quick charging mode. As can be seen,
the terminal voltage were regulated for both charging
methods. The charging process was performed until the
tested battery was fully charged.

TABLE I
SUITABLE REFERENCE SIGNAL PARAMETER FOR BATTERY UNDER TEST

Frequency at S0Hz d’ at 0.75
Variable d* Variable Frequency
: Charging time ’ : -
d (minute) Frequency AT ( °C)
0.5 325 25 g.2%5
50 3.575
0.75 250 100 3.875
200 3,650
- —
100 V 7 o7l | Al ‘l
{
"
L]
-5 —t
100 ,/ )( /.“ AN 4
006 I;.Fi V) :\ ]l,- f
Voltage @
i f \of f f ! VTR A
e )
200
100
o — S . -
w0
° M f
.100 |
20 Time(s) 40 60
(b)

Fig. 6. Simulation resulis: (a) an inductor current (b) charging voltage
and current of a battery.

Fig. 7. A pulse frequency 50 kW charger prototype
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The terminal voltage were regulated at 400 V and
maximum charging current (/ney) was limited at 120 A as
shown from Fig. 8 to Fig. 11. Fig. 8 shows the results of
conventional CC/CV charging mode. As known, the CC
will perform first then the CV mode will operate to keep
temperature rise. The charging time required 1s about 20
min. It should be noted that EVs will control the charging
process via CHAdeMO using CAN bus communication.
Fig. 9 also shows the magnified view of terminal voltage
and current. After that, the pulse frequency charging mode
results are illustrated in Fig. 10 and 11. As can be seen, the
pulse frequency charge will perform during constant
voltage region which is not over the current limitation. The
results show that the required charging time 1s about 16
min. The temperature investigation both at the battery and
developed charger were also observed as shown in Fig. 12.
In addition, Fig. 10 shows the comparison results of
charging performance between conventional CC/CV
charging method and proposed pulse frequency technique.
Clearly, the proposed pulse frequency technique can
change the test batteries from 20 percent of state of charge
(S0OC) to 80% of SOC quicker than conventional CC/CV
method about four min. Moreover, the temperature rise of
proposed charging technique is less than a CC/CV method
about 1 °C. One can see that the proposed technique can
perform better charging performance in term of charging
time and temperature rise. The experimental results
illustrate that the proposed pulse frequency technique is a
promising technique to apply for a quick charger in EVs.

WA
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200
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150 Battery Current
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Wi il s AN L L i s T N,
0 2 4 [ 2 10 12 14 16 18 20 22
Temperature (°C)

Fig. 8. Voltage and current signals of the tested baitery set using
Conventional CC/CV method.
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Fig. 9. Magnified view of terminal voltage, current and temperature of
the tested battery set using conventional CC/CV method.
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Fig. 10. Voltage and current signals of the tested battery set using
proposed pulse frequency technique
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Fig. 11. Magnified view of terminal voltage, current and temperature of
the tested battery set using proposed pulse frequency technique.

Fig. 12. Temperature rise investigation at the proposed converter.
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 Constant Voltage with
current setpoint form EV

¥ Constant Voltage with
current setpoint form EV
+ Pulse Charge
0.1 Hz D=0.8

Time (Minute)

Fig. 13, Comparison results of charging performance between a CC/CV
and the proposed technique at SOC 20%

IV. CONCLUSIONS

A pulse [requency lechnique ol a quick charger has been
developed in this paper. Pulse [requency charging technique
can offer quicker battery charger comparing to conventional
CC/CV technique about 4 minutes and lower temperature
risg about 1 C°. A simulation study has also been performed
to evaluate circuit operation and control paradigm. The
suitable reference signal parameters for the battery under
test have also been investigated. The proposed pulse
frequency charging technique has been performed under
Nissan LEAF model 2012. The experimental results also
imply that this pulse frequency charging technique can also
be applied with other types of EV batteries. An EV battery
pack normally consists of several single battery cells:
therefore, it is possible to apply this pulse frequency
technique in EV  charger with carcfully battery
management. Although a cost of a bidirectional power flow
converter will increase for a pulse frequency charger, the
extra performance for quicker charging time and low
temperature rise during charging process are required for an
EV charging station.
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Abstract — An electric vehicle (EV) quick charger based on
CHAdeMO standard with grid-support function is proposed in
this paper. The current source modular converter configuration
is used to perform the charging pulses with both positive and
negative pulse to achieve required time for an EV which is less
than 30 minutes. The use of current source converter can offer
the inherit fanlt tolerance capability and bidirectional power
flow. CHAdeMO protocol is modified for grid-support function.
The 50 KW prototype is developed fo wvalidate the proposed
notion. The simulation and experimental results illustrate that the
proposed pulse frequency charging techmique requires about 16
minutes to fully charge of the battery from 20% of SOC to 80%
of SOC. The results snggest that the proposed technique can be
applied for am electric vehicle quick charger station.

I INTRODUCTION

Recently, electric vehicles (EVs) have grown rapidly as
demanded green energy form the world. More specially, in a
large city, air pollution due to CO emission is a concerned
issue. For instance, Nissan LEAFs in June 2015, have a sales
over 180,000 units since December 2010 which is abount 45%%
of worldwide market share in EV business. Therefore, higher
number of EVs will be used in the next few years. It is
expected that more than 5 million EVs will be utilized by 2020
[1].As can be seen , A quick charge operating as a gas station
is required.There are three important issues for a charging
station: quick charge (less than 30 minutes), long battery
lifetime (low temperature rise during charge), and
standardization (every EV provider can be used). Constant
current (CC) and constant voltage (CV) method cannot meet
the 30 minutes charging time and low temperature rise
requirements from EV users. Thereupon, a pulse charging
method is an alternative technique for a quick charger at high
current. A pulse charge methad can be injected higher peak
voltage and current with the same of Vicell and L. rated;
therefore, a charging time is shorter comparing to CC and CV
method [2]. There are some previous researches using pulse
charge technique for a charger application. The hybrid method
between regenerative pulse and equalization charger using a
DSP has been developed in [3-4]. The experiments in [4]
provided a good power factor and bidirectional power flow;
however, the temperature rise of the battery did not discuss in
the paper. Designs of battery pulse charge with varying
frequency and duty cycles have been proposed in [5-6]. The
developed technique has been applied for a small Li-Ion
battery and could be applied for an EV battery. However, the
temperature rise and the effect of frequency and duty cycle of

978-1-4799-8805-1/15/$31.00 ©2015 IEEE
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pulse signal did not investigate. In addition, a review of
charging algorithm for Nickel and Lithium battery charger has
been performed in [7]. The methods discussed in [7] are also
investicated mostly a small size applications for mobile
phones, laptop computer, tablet PC, etc. One can see that a few
researches have been reported for a pulse quick charge
technique for EV applications. That is why, the EV quick
charger station acting as a gas station with grid-support
funiction is developed in this research.

One of possible charger stations can be illustrated in Fig. 1
which containg photoveltaic roof (PV), battery energy storage
(BES) and a quick charger. The developed charger station can
act as a microgrid; so, the station can manage the energy flow
in a microgrid by controlling tie-line power flow at point of
common coupling (PCC). PV roof can supply energy to a
charger and also to a BES depending on the mode of
operations. If there have a demand from a quick charger, the
inverter will supply PV energy to the charger; whereas, the PV
energy will charge a BES if there have no demand. Tf the there
are not a demand and BES is fully charged, the inverter will
not feed energy back to the grid. It can be noted that the
proposed charger station is drawn energy from PV and BES in
first priority; then, the station will draw energy from the utility
grid if the required energy is not adequate. Additionally, the
proposed charger station can reduce an impact to the grid due
to high charging curmrent and aveoid a new distribution
transformer.

ACGrid
Transformer

350 RVA
22kv/380V

DC-pe
Canverter

h_h",

P¥ Power Roof 10k\W

Battery Bank 10 kW

Fig.1 Diagram of the proposed EV quick charger station.
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A standard of EV quick charger known as CHAdeMO [8] is
widely used. CHAdeMO is a quick charging method (trade
name) for battery EV rating up to 62.5 kW of high voltage dc
current via a parlicular connector and protocol. Also,
CHAdeMO is a global association proposing CHAdeMO
standard which is firstly introduced in Japan since 2009 to be a
global industry standard. Right now, more than 8,000 quick
chargers have been installed around the world using
CHAdeMO protocol in 38 countries. CHAdeMO also allows
bidirectional power flow charging; therefore, vehicle to grid
(V2G) and vehicle to home (V2H) are possible to implement
for supporting smart grid in the future.

Thercupon, the proposcd quick charger bascd on
CHAdeMO with grid-support function is presented in this
paper. The paper is organized into five sections: first, the

introduction will be presented for the overview and review of

previous works. Then, the timing diagram in a controller arca
network (CAN bus) according CHAdeMO protocol will be
described. After that, Circuit topology and simulation study
will be explained. Next, the experimental result will be
validated. Finally, results and important remarks will be
concluded.

II. TIMING DIAGRAM OF CHADEMO PROTOCOL

The CHAdeMO standard contains two important parts
which are a connector and protocol. For safety reasons, EV
maker requires a specific connector for high de current charger
as depicted in Fig. 2. As can be seen, the holder is connected
with the quick charger and a receiver is installed in an EV. The
wiring diagram of connector is illustrated in Fig. 2 (b). This
wiring diagram consists of power line for high current and also
communication wires for CAN bus interfacing with an EV. A
power line is a path of high current for charging the battery in
a EV which controls and monitors via CAN bus (CAN 2.0B)
based on ISO 11898 format transmission with 500 kbps
transmission cyele of 100 msec + 10%. It should be noted that
the EV will provide all charging or discharging command to a
quick charger; therefore, it is important to understand the
timing diagram of an EV via communicating with CAN bus
which is required by CHAdeMO protocol [8].

(a)

532

7T
CAN |CAWH=8 | can
croult [CaN L = 9] |_circut

(b)

Fig. 2. Connector of CITAdeMO standard showing (a) holder
and connector [8], (b) wiring diagram [8]

The timing diagram of CITAdeMO protocol is shown in Fig.
3. Each state of a diagram will communicate between an EV
and Charger via Hexadecimal indicator as ID numbers. The
communication wires include five pins with difference colors
for sequential controlled signals (Pin # 1,2,4.7 and 10) and two
pins (Pin # 8 and 9) for CAN bus. More detail can be reached
in [8]. The sequential state of communication as shown in Fig.
3 (a) can be briefly explained as follows:

e Charging sequence signal 1 is a signal handshake from
a charger sending to an EV,

¢ Charging sequence signal 2 is a confirmed signal from
a charger to an EV after the connection is completed,

¢ Charging stop control is a data of operating status of a
charger for showing operation in progress or stop
operation,

¢ Charging status is a data for indicating charger status
that can be operated or not (ready or not ready),

e Vehicle charging permission is a signal for permission
from an EV for charging mode and indicates the relay
status,

e Vehicle charging enable is a data for indicating
communicalion status,

e Vehicle status is a data for showing an EV slatus.

In addition, an EV will be required to check a short circuit and
ground fault. A quick charger will supply dc voltage about 10
V for checking the contractor which is connected with battery
terminals. The contractor needs to be turn-off or open circuil.
Then, A quick charger will supply a test de voltage about 500
V for checking insulation status. The resistance of 100 k€2 is a
threshold value between positive and negative bus of an EV
battery. The graphical of short circuit and insulation validation
is illustrated in Fig. 3.
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Fig. 3. Timing diagram operation of CHAdeMO showing (a)
sequential signals, and (b) short circuit and insulation test
slatus.

III. PROPOSED CIRCUIT OPERATION

A. Circuit Topology
The proposed circuit diagram incorporating with related pulse
width signals is shown in Fig. 4. The modified current source
converter is applied using positive and negative thyristor based
converter known as PN converter. The modified PN converter
can operate in bidirectional power flow and provide better
fault tolerance capability. Therefore, V2G and V2H smart grid
function is achievable for using the proposed converter:
however, this proposed converter has bigger size comparing to
a switching mode power supply because the proposed
converter required a interfacing transformer for better input
current quality and galvanic isolation. It should be noted that
the ground isolation is needed for an EV charging station
based on CHAdeMO recommendations. The IGBT is used for
providing bidirectional power flow during pulse charging
operation which is key contribution in this paper. The tum-on
time of IGBT is depended up on the battery condition. The
pulse width and idle state can be controlled depending on the
battery conditions (V/cell and [,,) and battery temperature
rise (A7%). The temperature rise during charge can effect a
battery lifetime. There are three states of the proposed circuit
operation as depicted in Fig. 4: charging mode, discharging
mode, and idle mode. Charging mode will operate Q converter
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for desired current and voltage command from an EV via CAN
bus and CHAdeMO protocol: whereas, the discharging mode
will operate Q; converter and turning on an IGBT for releasing
energy back to the grid for performing pulse charging
technique as reported in [9]. The idle mode will operate during
resting time if the temperature of the battery is increasing over
than threshold value which is 5 °C for Nissan LEAF case. The
CHAdeMO will send all data status from an EV to the quick
charger via CAN bus. The output voltage at battery terminals
and related current during each operating mode of the
proposed modified PN converter is illustrated in Fig. 5.

Charging mode

Power 50 kVA
iy
B T T%
MR
\) 1:1.;5-2]':\1:,‘:7]3 -
Power S0 kVA L

Fig. 4. Circuit topology showing (a) charging mode. (b)
discharging mode, and (¢) idle mode.
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Fig. 5. Output voltage al battery terminals and related current
in each operating mode.

Fig. 6 also shows a flow chart diagram of proposed quick
charging paradigm. As can be seen, temperature rise control is
used during idle mode: this would not cost battery lifetime.
The positive pulse width is depended upon V/cell; whereas. the
idle state is referred with battery temperalure rise. The pulse
frequency can be generated from a modulation between
desired positive pulse and ncgative pulscs and a triangle
waveform. The positive and negative pulse width can be
controlled depending on the battery conditions (Vicell and
I .u) and battery temperature rise (A177).

Fig. 6. Flow chart diagram of proposed quick charging
technique.

B. Simulation study

PSIM 9.0.3 is used to simulate the notion of the proposed
system as illustrated in Fig.7. The modified PN converter is
used to perform a quick charging mode via control output
voltage at battery terminal and charging current flowing to a
batlery as shown in Fig. 8. As can be scen. the fine outpul
voltage and charging current were achieved: also, the actual
charging current and current commands were in  good
agreement. The simulation results suggest that it is possible to
use the modified PN converter for a quick charging in an EV
application.

I A

—i| 1

400 V 50Hz

,L’*.Ei (‘IE
i

Fig. 7. Simulation model.

Fig. 8. output vollage al batlery terminal and charging current
flowing to a battery

IV. EXPERIMENTAL VALIDATION

The developed 50 kKW prototype of a quick charger using
pulse charging technique is shown in Fig. 9. The EV from
Nissan known as LEAF model 2012 was used to validate the
charging time of the developed charger. The LEAF has 24
kWh laminated lithium ion battery and requires 30 minutes at
50 kKW charging time for a quick charge mode. The proposed
modified converter can performed both conventional CC/CV
charging mode and pulse frequency charging mode. The
technical specification of the proposed quick charger is listed
in Table I.
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Fig. 9. Experimental setup.

TaBLEL
TECHNICAL SPECIFICATION

System Type Single DC fast-charging station
Environment Indoor / outdoor
Input
AC Power Connection 3P+PE
Input voltage range 400 Vac +/- 10%
Nominal input voltage 400 Vac
Nominal input Current TO0A
Nominal input power S0kVA
Nominal input frequency 50 Hz
Output for Car
Maxinmum output power 50 Kw
Maximum output current 120 A
Output voltage 50-500V
Output for EBike
Maximum output power 00w
Maximum output current 15 A
Output voltage 10- 60 V
General
DC connection standard CHAdeMO compliant
DC cable length 3m

JEVS G105
13.56MHz, ISO 14443A

DC plug type
RFID system

The developed prototype was also performed conventional
CC and CV experiment to compare with the pulse charging
mode. Fig. 10 shows experimental results of battery charging
and discharging using CC and CV technique; whereas, Fig. 11
illustrates the experimental results using the proposed pulse
charging technique. The LEAF was validated at a same
circumstance. The LEAF was charged from 20% of SOC to
80% of SOC in both quick charging modes. As can be seen,
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the terminal voltage was regulated for both charging methods.
The charging process was performed until the LEAF was fully
charged. The battery terminal voltage were regulated at 400 V
and maximum charging current (/,,,,) was limited at 120 A as
shown from Fig. 10 and Fig. 11.

Fig. 10 illustrates the results of conventional CC/CV
charging mode. As known, the CC will perform first then the
CV mode will operate to keep temperature rise. The charging
time required is about 22 min. It should be noted that EVs will
control the charging process via CHAdeMO using CAN bus
communication. Meanwhile, the pulse charging mode results
are 1llustrated in Figure 11. Clearly, the pulse charging mode
will perform during constant voltage region which is not over
the current limitation. The results illustrate that the required
charging time is about 15 min. Additionally, the temperature
rise of a proposed pulse charging technique was about 3.92
°C ;whereas, the temperature rise was 4.13 °C for CC/CV
method. The energy consumption of CC/CV was about 9.7
kWh; whereas, the pulse charging was about 93 kWh for
energy consumption.
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Fig. 10. Voltage at battery terminals and charging current
operating in CC/CV charging mode.
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Fig. 11. Voltage at battery terminals and charging current
operating in proposed pulse charging mode.

The comparison of experimental results between CC/CV
method and pulse charge method is shown in Fig. 12, Clearly,
the proposed pulse technique can change the test batteries from
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20% of state of charge (SOC) to 80% of SOC quicker than
conventional CC/CV method about seven min. Moreover, the
temperature rise of proposed charging technique is less than a
CC/CV method about 1 °C.  Furthermore, both charging
techniques are consumed almost a same level of energy. The
results show the proposed technique can perform betler
charging performance in term of charging time and
temperature rise. The experimental results suggest that the
proposed pulse technique and modified PN converter are a
promising technique to apply for a quick charger for EVs.

Time {Minute)
22

5 @ Quick Charger
Direct Current

W Pulse Charge
3 0.1HzD=0.8

2

-

Time {Minute)

ATl BC)

Fig. 12. Comparison of experimental results between CC/CV
method and pulse charging method.

V. CONCLUSION

An electric vehicle (EV) quick charger based on
CHAdeMO standard with grid-support function has been
proposed. The modified PN converter has been applied to
perform the charging pulses with both positive and negative
pulse to achieve time required for an EV which should be less
than 30 minutes. CHAdeMO protocol has been explaned for
providing grid-support function. The proposed CHAdeMO
modification can allow the EV to perform grid- support
function. The experimental validation has also been validated
comparing to CC/CV charging mode. The proposed pulse
technique can change the test batterics from 20% of state of
charge (SOC) to 80% of SOC quicker than conventional
CC/CV method about seven min. Moreover, the temperature
rise of proposed charging lechnique is less than a CC/CV
method about 1 °C. TFurthermore, both charging techniques are
consumed almost a same level of energy. The experimental
results illustrate that the proposed pulse technique and
modificd PN converter are a promising technique Lo apply for
a quick charger for EVs.
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: ABSTRACT A Control technique of clectric vehicles (EVs) cooperating with ac microgrids is considered as
an important rolc with intcgration of renewable energy sources (RES), i.c. wind and solar farms. As known,
the intermittent power generations of these RESs can provide significant changes of the frequency in
microgrids. Consequently, outputs of these generations are regarded as continuous disturbances. Previously,
the ability to permit frequency stabilizing effect was usvally neglected in microgrid design; thereupon,
the performance of controller may be inelfective Lo regulate the [requency in such a microgrid. To address
this problem, a new coordination of EV, wind farm (WF), and photovoltaic (PV) for microgrid (requency
regulation is proposed in this article. In the control design, the proposed adaptive PI conwoller is developed
by vsing practical proportional integral {PI} controllers. An ellect ol a small delay is also considered in
input-outpul pairs ol the adaptive PI controllers. Simulation model is developed lor validating the proposed
controller. Simulation results demonstrate that the proposed coordinated control technique of EVs, WF, and
PV power generalion provides a belter frequency regulation performance than a fixed PI controller under
various uncertainties such as wind and solar power fluctuations, N-1 outages, disconnection of RESs, load

variations, and the number of EVs.

' INDEX TERMS Coordinated control, electric vehicle, [requency control, microgrid, renewable energy.

1. INTRODUCTION

Energy management and the environmental crisis are chal-
lenging problems in ¢lectrical power systems, especially in
modern microgrids, because of the restriction of conventional
generators and uncertain load demands [1]-13]. Also, renew-
able energy sources (1.e., wind farms (WFs) and photovoltaic
generation (PVs)) and electric vehicles (EVs) have increas-
ingly been participating in microgrids for generating electri-
cal power [4], [3]. Their high penetration level will provide
power supporl in microgrids [6]. Thereupon, uncertainties
[rom WFs, PVs, and EVs can allect the abilily (o synchronize
loads and generators [7]: these problems restrict from the
system inerlia being reduced by replacement with such uncer-
tain sources. Moreover, the interaction of electronic-based
devices will degrade frequency stability and will eventually
lead to system instability without proper control action [8].
Therefore, in the mentioned microgrids, a proper coordinated

The associate editor coordinating the review of this manuscript and

approving il [or publication was Fabio Massare
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control strategy from WF, PV and EV sources should be
applied to address this problem.

In recent years, scveral methods and concepts have been
proposed to suppress frequency fluctuation in microgrids.
[n [9], the impact of communication delays on secondary
frequency control in a microgrid has been thoroughly inves-
tigated. The effect of communication delay is obviously
shown to be harmful in secondary frequency control; so,
a gain scheduling approach is applied to compensate [or
the ellect ol the communication delay. A robust H,. and
p-synthesis control stralegy Lo regulale Irequency in the
microgrid have been proposed in [10]. The method pro-
posed in [10] considers structured and parametric uncer-
tainties in the contrel design: the results demonstrate that
p-synthesis control provides better performance than Ha.
control. However, in the microgrid configuration in [9], [10]
did not address the uncertainty cffcets from renewable gen-
eration. In addition, Tustin’s technique based on digital
decentralized load frequency control in a microgrid includ-
ing WFs has been proposed in |11]. The decentralized

This warl is licensed under a Creative Commans Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 141967
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proportional-integral-derivative (PTD) controller is opli-
mized by using a particle swam algorithm. Moreover, com-
munication time delay is also considered in the control loop.
Comparing to the analog model, the digital control model per-
forms superior frequency control in terms of reliable perfor-
mance and satisfactory effective conlrol as discussed in[11].
A cooperative frequency and voltage control method for
low-voltage islanded microgrids based on distributed coop-
crative control has been discussed in [12]. The simulation
study in [12] shows that the proposed method could restore
frequency under droop-based optimal active power control.
An adaptive event-triggered load frequency control has been
proposed in [13]. The proposed method in [13] is applied
to intercomnected microgrids. The resulls show that large
frequency deviation can occur by unbalanced power and time
delay. Doubly-fed induction generator (DFIG) control for fre-
quency regulaltion in a microgrid has been presented in [14].
Simulation results indicate that the DFIG control can provide
a fast response to [requency control and consequently con-
tribute to the reduction of frequency deviation. This work also
illusirates that the DFIG converter provides faster response
than that of conventional plants, i.e., thermal and hydro power
plants. However, the study in [14] discusses that wind power
uncertainty may have a negative impact on frequency stabil-
ity. H. robust virtual inertia control of a mierogrid with high
penetration of renewable energy has been presented in [7].
The study shows that a system inertia is decreased by high
penetration of renewable energy owing toits adverse effect on
frequency stability [15]. A new application of a robust virtual
inertia controller equipped with an energy slorage syslem
has been presented in an islanded microgrid with wind and
solar farm sources [15]. TThe ecoefficient diagram method
is used to control the virtual inertia. The results, compared
with that of the method in [7], demonstrate that the proposed
method in [15] provides a better stabilizing effect in terms of
frequency regulation. As can be scen, majority of proposed
controllers in [11]-[15] are designed in a specific micro-
grid operation and may not function well in other microgrid
operations. Thus far, a [ew researches have been discussed a
coordinated controller in a microgrid including EVs.
Mareover, load frequency control (LFC) in hybrid systems
{comprising of WFs, PVs, EVs diesel generator, ete.) has
been proposed in [16], [17]. Several optimization technigues
have been applied to optimally tune the control parame-
ters of PID controller; for instance, particle swarm opti-
mizalion (PSO), improved PSO [16], firelly algorithin [16],
butterfly optimization (BO) [18], water cycle algorithm
{WCA) [16], yellow saddle goatlish algorithin (YSGA) [19],
mine blast algorithm (MBA) [17]. It has been reported
that the non-integer fractional-order proportional-integral-
derivative (FOPID), optimally tined with WCA, can with-
stand the change synchronizing coelfficient, loading con-
dition, and frequency bias [16]. By using MBA based
2 degree of freedom PID [17], the results have demon-
strated that the proposed controller can reduce adverse elfects
of uncertainties form WFEs and PVs; By using BO-based
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PFOID [18], the results have established the superiority of the
BOA-based PFOID controllers under different operating
points in terms of frequency fluctuation, tie-line power;
By using YSGA-optimized dual-stage PIFOD-one plus PI
(PTFOD-(1 + PI)) [19], the results have shown that the
proposed YSGA-optimized PIFOD-(1 + Pl) can resist
variations of wind turbine and system parameters. More
comprehensive literature of different controllers utilized in
hybrid systems for LFC can be found in [20]. However, in the
mentioned of previous works, 1) impact of a small delay in
control loops was not considered, 2) optimal fixed control
parameters were used for PID controller design. Accordingly,
the previous P1Ds may not resist the nonlinearity in practical
syslems.

A coordinated control applying for EVs and renewable
cnergy sources in a microgrid with continuous disturbances
is developed in this research Lo overcome mentioned prob-
lems. In the control design, an adaptive PI controller incor-
porating with a small delay consideration in the conlrol
loop arc used to regulate frequency at various operating
poinis. The main coniributions of this work are listed as
follows:

i} The control system is highly robust against various oper-

ations, uncertainties, and continuous disturbances,

il) Coordinated confrol of EVs and renewable energy
sources for stabilizing frequeney in a microgrid is
achieved,

iii) A small variable time delay in the proposed adaptive PI
conlroller is considered,

iv) A new algorithm, which can automatically change con-
trol parameters for frequency stability in a microgrid
under various operations, is also developed.

Il. CONTROL OVERVIEW

‘The proposed coordinated control of EVs and wind and solar
PV generation in a microgrid is illustrated in Fig. 1. As can
be seen, the diagram mainly consists of a group of EVs, solar
PVs, and WEs, for supplying load demand. In this study, load,
number of BEVs, PV and WI' power oulpul are assumed (o be
varied. As a result of these variations, there are significant
change of power generation in the total of frequency of the
microgrid. To address this problem, frequencies of EV, PV,
and WF buses and loads are observed by using data analysis
and detection to ascertain the frequency deviation. When the
frequency deviation falls into the unaceeptable range, the cen-
tralized controller is activated to regulate and maintain the
frequency within the acceptable range. An energy storage
system is connected (o the same bus as the EVs (o manage
the EV power output. However, the PV and WF converters are
modulated to control power output of such renewable energy
generation. As a result, such control action can regulate the
frequency deviation in the microgrid. In this article, the use of
a practical PI controller structure will be implemented which
is modeled as an adaptive controller so that it can be oper-
aled under various uncertainties and disturbances. Moreover,
the impact of a small delay is regarded in the control loop.

VOLUME 8, 2020
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FIGURE 1. Control overview.

The adaptive Pl controller will be clearly explained in the next
seetion,

lll. MICROGRID MIODELING

In this section, the models of the EVs. PVs, WFs and the
adaptive controller are created. To begin with, a microgrid
state equation will be formulated: then, the control design
problem can be obtained.

A. TEST MICROGRID SYSTEM

encrally, [requency stability concerns Keeping an equilibrium
between loads and generation [21]. Unbalance between load
consumptions and power generation in a microgrid with
RES always occurs. As a resull, il ds crucial that a suit-
able controller strategy sheuld be carelully conducted. Here,
the studied microgrid system consisting of EVs, PVs, and
WTs is demonstraled in Fig. 2. The relationship among power
generation, load demand, system inertia, damping coefficient,
and frequency deviation is generally defined by the swing
equation as demonstrated in [22],

No N Ne

D (APw) Z(APL 1) =2Hs) (AF)+ D) (AF),
=1

=1 =1

h

where AF is the [requency deviation; AP, is the change
ol total generation [rom EVs, PVs, and WTs; AP is lhe
change in load power demands; H is the system inertia,
and D is the damping lactor. Assuming thai there is a very
small inertia in EVs, PVs, and WDs that can be ignored;
then, the relationship hetween the inertia of the synchronous
generalor and the microgrid can be delermined as clearly

VOLUME 8, 2020

explained in | 7], |8].

S (He i -S6a)
Swic '

e 2)
where Ng is a total number of gencrators, S ; and Hg ; are
the rated power and inertia of the i generator, respectively.
Sute; is the rated microgrid power. If we focus on inertia
response, the stored inertia power (i.c., kinelic energy) in
the rotors of the synchronous generators will counteract the
imbalance through the inertia control until before the primary
control 15 used. Additionally, the frequency deviation can be
eliminated by controlling the injecting powers of EVs, PVs,
and WFs via converters. To robustly maintain the frequency at
anominal value (5040.5 or 6040.6 Hz) under various micro-
erid operations, Lwo control strategies are mainly employed:
primary (droop) centrol and converier control as shown
inFig. 2
Next, a small variable delay can be formulated as studied
in 23],
T = T AT 3)

where 7. 7, and AT are the variable time delay, mean value,
and variable parts of the variable time delay, respectively.
In the frequency domain, equation (3) can be approximated
by the first-order Padé approximation [24],

1—r1s

14+ 15
where e s (he natural exponential constant, s = joy is the
complex plane, j = +—1 is the complex value, and ey is the
natural frequency i rad/s. Substituting (3) into (4), we can
gel

TN
e =

4

e('FJ_Af]S i I — (i + Af)&" (5)
| + (T + AT
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FIGURE 2. Proposed coordinated microgrid control strategy.
Then, at an operating point. the variable time delay can be
- N - A P Signal from Energy
assumed to be constant as shown in (6). controller (~-¥| storage
~J. system
e(ri—:‘\r_m =&;+ Cr, (6)
; AU e
where ¢7 and ¢; are constant values at an operation, [t should b3 ‘L‘mf — APy
be noted that, although a small delay occurs in control loops, model | -
the variable part will cause a malfunction of the control sys- (8) €V init
tem. As a resull. equations (5) and (6) should be considered
in microgrid control strategies. N soarPv | | pvmee | | v i APy
Recently, the synchronous generators in microgrids have by Py Saithin o |
been replaced by inverter/converter based RESs. Hence, Reference |
S ew ¢ : inertia (B S m¥ Coe signal ™"
the response of system inertia (ff) and system damping +
(D). typically during 1 — 10 s, is significantly decreased. Slgnal from ___| PWM control & current
Accordingly. the rate of change of frequency (derivative of controller 3P controller
frequency, ) o!' the rmuoglds increases, leadiqg to rapid N 4
frequency deviation, larger frequency drop and dip. system
instability, and, in the worst case. a rapidly cascading failure Wind WE MPPT WE LI
. AUy — —> — +:‘.\P
or power blackout. It should be noted that, during the short wx turbind iyt Converter [~ = WF
time interval of 1 — 10 s, the primary control loop may not Reference
be effective enough to counteract the contingency. especially signal 7
under the severe situations of low system inertia caused by Signalfrom __| PWM control & current
renewable energy sources. EV, PV, and WF modeling charts controller Sespaint contioTier

are given in Figs. 3(a), 3(b), and 3(c), respectively. For the EV
in Fig. 3(a), the signal from the controller is sent to the energy
storage system to charge or discharge power from the EVs.
For the PV and WF in Figs. 3(b) and 3(c), the signal from
the controller is added to the PWM controller and the current
setpoint controller of the PV and WF to modulate the signal
in the converter. As a result, the frequency can be regulated.

B. CONTINUOUS DISTURBANCE MODELING
In this article, the continuous disturbance from uncertain
modeling (i.e., PV and WEF) s given by sum of sine and square

141970

(c) WF unit

FIGURE 3. EV, PV, and WF modeling.

wave components as follows,

AUpy(s) = Upy £ AUpy(s),
AUyr(s) = Uyr + AUyp(s),

)
)

where pru and {-pr are mean values of solar radiation
and wind speed, respectively, and AUpy and Uwp(s) are
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variable parts of solar radiation and wind speed, respectively.
Applying (7) and (8) to the microgrid will lead to a significant
deviation in syslemn frequency. In this arlicle, an intermittent

number of EVs charging in a day is modeled by,

Ney

AUgy = ) (Lev - Py ©)
i=1

where Npy is the total number of EVs in the grid, Lgy is a
logical mumber (0 or 1), and PL.V, ; is the rated power of the i
EV. In fact, the number of EVs at the charging station varies.
As aresull, the variation can also affect frequency deviation

in the PVs and Wls.

€. MICROGRID CONFIGURATION

The studied microgrid in Fig. 1 contains several types of
generation sources with different types of load, utilized to
establish the multisource nature of the microgrid. The main
thermal power station has 15 MW of installed capacity, rep-
resenting conventional generation using synchronous based
generator. The generated electricity is consumed by a load
at rated power about 55 MW. The system has 3« 7 MW
installed capacity for the WFs and 3 »x 5 MW installed
capacity for the PVs. In addition, EVs with a total power
capacity of 30 x 0.1 MW are also connecled to the microgrids
as shown in Fig. 1. It is assumed that the energy storage
system with the same size as the total EV energy is connected
at the same bus to control power output of those EVs. As a
result, the renewable power generation and EVs will ran-
domly change the microgrid operating point, affecting system
frequency stability and performance. 1t should be noled that
the system base is 20 MW,

Fig. 2 is developed for both frequency analysis and study.
To obtain the physical system dynamics, the generation
rate constraint (GRC) for the governor unit, dead band for
the turbine unil, and time delay for the secondary con-
trol or load frequency control (LFC) unit are contemplated
which ereate an aceurate frequency perception and nonlin-
earily ol the microgrid. Therefore, the GRC is specilied as
#2 10% — 15% MW/min. The dead band limiter is specified
as 0.06% (0.035 T1z). The local time delay is varied between
0 and 0.05 s. Three main control units (droop control, energy
storage system, and converter) are applied to maintain system
frequency stability during the exigency. The inertia control-
based encrgy storage system is responsible for balancing the
mismatch power at 1 — 10 s, The primary control unit (i.e.,
the governor) is applied to stabilizing the system frequency to
a new steady-state value within 10— 30 s, The converter con-
trol based on area control error is responsible for recovering
the system [requency Lo its nominal value within 10— 30 min-
utes. However, because uncertain load demands (industrial
and/or commercial and/or residential loads) do nol participate
in the frequency regulation, they can be regarded as distur-
bances to microgrid uncertainties. This is confirmed that the
simplified model has high accuracy under a wide range of
operating conditions. Therefore, the simplified model used
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in this article is accurate enough for frequency stability study
and analysis. Moreover, the converter can provide very fast
frequency recovery, so it can be ensured thal converter control
can be effectively used to stabilize frequency deviation.

Nexl, by considering the dynamic effects of 1) generation
and loads including inertia, droop, and 2) converter con-
trol of EVs, PVs, and WFs, the system frequency deviation
explained in [7], [8] is given as,

Ni

N;
1 ;
Al'(s E APy i E APy g 10
(s) (2”,\'])) — m,i — Lt (10)
= —

Then, we have

Fry) (zrim) Qe+ 2 APav
Ni
£ APpy + Y APwr)— Y APr;. (1)
=1

where {APG, AP}W, Ava, APWF} 5] AP,M,

The state equation in the model as shown in Fig. 2 can
be writlen as (12) and (13) which are used for testing the
performance of the proposed control method as,

AX(s) = AAX($) + BAU(s), (12)
AY(s) = CAX(s) + DAU(s). (13)

It is assumed that there is no feed forward in this system:
g0, D = [0]. Substituting (4)-(6) in (12) and (13), the sys-
tem including variable time delay at the input-output pair of
confroller is given as,

AX($) = AAX(s) + BAU(s) - ¢, (14)
AY(5)- €™ = CAX(s) - %, (15)

where X is the derivative of slale the variable in the
microgrid, X, UV,and ¥ are state, input, and output vectors,
respeclively, and A, B, C,and D are stale, input, output, and
feed forward metrics, respectively. As a result, the system
in Fig. 2 ean be written as a closed-loop system by using the
feedback gain law [ 25] as follows,

Ax.”d_(.\‘) (A BU() - (:T.\'} - AXi(s) (16a)
= (A - BU(SP(s)) - AXy(s) (16b)
= [AAX(s)] — [B{U’ (5)- AX (8], (16¢)

where superseript’ means that variable time delay is included,
and P(s) is the rational polynomial matrix of the variable time
delay.

In this article, Kis) can be written in a form of output AY
and conlrol signals AU by rewriling (16¢) as,

AX/¢(s) = [AAXa ()] - [B' - C'AX'(9)K(5) - AX ca(8)],
(17)

where subscript ¢f means of the close-looped system. In can
be seen that variable time delay affects the second term of (17)
and can degrade the closed-loop systemn stability.
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In this article, K (s) is the adaptive PI controller consisting
of proportional K, and integral K;, and it can be written as,

Ki(s) = Kp i + Ki 15, (1R)

where subscript £ denotes the k' opcration.

D. PROPOSED PI CONTROLLER UNDER VARIOUS
OPERATIONS

In the time domain 7, the fixed structure controller may not
be able o regulale the system [requency under such chang-
ing operations because the operation of the system always
changes. To design a PIcontroller under different operations,
the closed-loop stale equation in lime domain is given by,

AX 4 (1) = ALy (X 1 (D), (19)

where A ¢ is the closed-loop state matrix including Ky at
any k™ operating points, Then, rewriting (19) in the form of
elements in the mairix yields,

a1 it A1 k(1)
X' o1 i(0) = :
1k (7) Cinm JAT) | s
’/ W1 B A,'C;,Lk(r)_l
4 : . (200
|_-15m.ct + Axii (I)_I el
where aj g, v, dm i are the elements of Ag i, X100
Xt are clements of X'y in steady state, and
Axy g (f), -+ . Axy p(r) are small changes ol the elements of

X'1.%, where subseript m is the dimension of the matrix.
At the k™ operation, let F"k he the derivative of system
frequency, fik. - - - . frr be stale variables corresponding (o
frequency, and ST TR dfm,\. be elements of the requency
matrix, where F';. € X' ¢ and n < m. Exitracting (20) by
focusing only on [requency, we have,

Ao [ A £+ Afiil)
S NN O :
Fre) Ay o by | o LY E SO
(21
Then, expressing (20) yields,
Fim]
Lfi.k(r)J
Ay (£ AfLAE) + -+ d) F £ Afs()
iy o lf + AR+ -+ d  F + Mk ) |,
(22)
It is obvious from (22) thal, when a{l_k, s .aﬁn_k are

minimized by changing the control parameters in Kg,
the effect of frequency deviation Afig, ..., Afir is
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conscquently reduced. As a result, this impact can be alle-
viated by minimizing the following function,

"‘qu"”‘f]n__k‘

min : d (23)
g:ﬂ.k‘ A afm.v._k‘
Subject o 0.95F < f < 1.05f. (24)
where min means the minimum value and | - | denotes the

absolute value,

E. PROPOSED ADAPTIVE CONTROL ALGORITHM
The proposed adaptive control algorithm is applied to change
the control parameters of Kg to guarantee the minimum
value ol (23) under constraints (24) under all operations.
Fig. 4 demonstrates the proposed adaptive conirol algorithm.
It can be described by the following steps:
ed) At any k™ operation, we can analyze the frequency
deviation data AF,
i) Next, we can cheek constraint (24);
IT0.95f < (f £ Afi(t)) < 1.05f, find cptimal conirol
parameters K, ; and K;; that satisty (23);
Otherwise, the system is changed to the next operation:
Ei— k + l)f.fr’
edii) Atthe nextk” = (k + 1) generation, we can recon-
sider the sysiem by going 1o step e.i). and recheck
conslraint (24) by going Lo slep e.ii).

By repeatedly conducling steps e.d) - e.ii), the value of
(23) is conscquently minimived at all operating points, Con-
sequenlly, oscillalions ol [requency under all operalions are
suppressed. Note that, the oplimization problem ol (23) is
solved by using the particle swarm algorithm [26], |27].

The superiority of the proposcd adaptive controller over
convenlional fixed controllers are given as [ollows:

i) The proposed adaptive controller can automatically

adapt their control parameters Lo satisly the objective
function (23) under the constraint (24). As a result,
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FIGURE 5. Pattems of load, number of EVs charging. wind speed, solar radiation, and signal delay.

the frequency fluctuation can be supprssssd in a wind
range of gystern operating points,

ii) Sincetheoptimization is conducted in frequency domain
using only data of frequency deviation in the systern,
the fast computational time can bs guarantsed. As a
result, the proposed mesthod is suitabls for a real tims
application.

IV. RESULT AND DISCUSSION

Simulation results of the cases study in this section wers
conducted by using MATLAB and Simulink with the Con-
trol System Toolbox [28], Signal Processing Toolbox [29],

WOLLUME 8, 2000

and Optimization Toolbox [30], The systsm paramstsrs
in Fig. 2 uged as the study system are given in Table 1. Inthis
study, the proposed controller, designed by using objsctive
function (23) bassd on the adaptive algorithm in Fig. 4,
iz recognized as the proposed adaptive PI controller. To var-
ify the performance of the proposed rnsthod, the propored
adapfive Pl confroller iz compared with the conventional
fixed FI controller (known as the fixed PI controller) under
various uncertainties and disturbances. To demonstrats the
superiority of the adaptive algorithm, the fixed PI controller
iz designed by using objective function (23) at the nermal
opsrating point £ = Os,
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FIGURE 5. Frequency deviation under the effect of continuous uncertainties and disturbances.

TABLE 1. System parameaters (system base of 50 Hz and 20 MW).

Parametier Yalue
Damping coeflicient, I (.02 pu
Inertia constant, H 0.080 pu
Governor time constant, Ty 0,125
Turbine constant, T}, 0438
Droop, R 175

Maximnm Limit of PI controller +0.2pu
Minimum limit of PI controller 0.2pu

Then, the transient simulation was conducted. Fig. 5.
shows patterns of load, number of EVs charging, wind speed,
solar radiation, and signal delay used in the simulation study.
Fig. 5(a) illustrates the changes in load between 25 and
45MW during the simulation time. Fig. 5(b) depicts the pat-
tern of the number of EVs charging. It can be seen that the
number of EVs varies according to the time frame. During
180-350s and 820-840s, it is assumed that there are no EVs
at the charging station. During these periods, the EVs are
unavailable and cannot be used to stabilize the frequency
fluctuation. As shown in Fig. 5(c), the WFs are simulated
under variable wind speeds between 6 and 15 m/s. Here,
the wind gust effect (abmpt variance from =5 to ~&15 m/s)
is also applied to WF1 during 120 — 500 s. In the same way,
in Fig. 5(d), the solar radiation of the three PVs is varied
between 250 and 375 W/m?. Also, the impact of signal delay
in Fig. 5(e) is also considered in all input-output pairs of

141974

bath the prepesed adaptive PI controller and the fixed PI
centroller.

Fig. 6(a) illustrates the frequency deviation under the effect
of such continuous uncertainties and disturbances described
as follows: At { = Os, during a light load, only two WFEs
and 1 PV are connected to the supply power of the microgrid.
During 0 — 100s, the proposed adaptive Pl controller exhibits
a better stabilizing effect in suppressing frequency deviation
whilethe stabilizing effect of the fixed PI controlieris slightly
better than that without the controller. At ¢ = 100s, one WE
is connected to the microgrid. In the case without a controller,
the peak of frequency deviation under the effect of this distur-
bance is vanished beyond 0.5 pu (or > 5% from the normal
value). Conversely, in the case of the proposed adaptive PI
contvoller and fixed PI controlier, these controllers can keep
the frequency deviation within an acceptable range (within
+5% of the normal value). An enlarged section of this state
is given in Fig. 6(b).

During 100—-400s, it can be clearly observed that, at around
t = 120s, the microgrid becomes unstable without a con-
troller. Moreover, the proposed adaptive PI controller pro-
vides a significantly superior stabilizing effect compared to
that of the fixed PI controller. At { = 400s, the load increases
and two PVs are connected to supply the powerto this inflated
load. Accordingly, the fixed PI controller cannot resist
this change, and the system becomes completely unstable.
In contrast, the proposed adaptive PI controller can robustly
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maintain the frequency deviation within a stable region.
Fig. 6(c) depicts an enlarged scction in this period.

During ¢ = 400 — 1000 s, similarly, the proposed adaptive
PI controller is able to maintain frequency in the acceptable
range regardless of the disconnection of the WE Fig. 6(c)
illustrates an enlarged section in this period.

Fig. 7 shows control parameters of the proposed adaptive
PI controller under the effect of continuous uncertainties and
disturbances. Evidently, by applying the adaptive algorithm
proposed, the gains are adaptive under changing operation
to maintain a minimal value of (23); therefore, the proposed
controller can robustly regulate the frequency deviation of the
microgrid.

Besides, the robustness of the proposed adaptive Pl
controller, validated with various time delay scenarios is
investigated. Scenarios of load patterns, number of EVs
charging status, wind speed, and solar radiation as shown
in Fig. 5 are used in this study when the simulation time is set
at 200s. Fig. 8 shows the different patterns of time delay used
in this study. InFig. 8, pattern 1 is constant time delay increas-
ing with time domain. Patterns 2 and 3 are realistic delays
of wide-area measurement system as analyzed in [31]. Note
that fixed delay is set at 25ms. Accordingly, Fig. 9 demon-
strates the impacts of different patterns of time delay on
the proposed adaptive PI controller and fixed PI controller.
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In comparison, the ﬁxed PI controller cannot resist realistic
time delay effects; more specially in time delay pattern 3
as depicted in Fig. 9 (a): this leads to system instability.
On the other hand, the proposed adaptive PI controller
can robustly handle adverse effects of all delay patterns as
shown in Fig. 9 (b).

V. CONCLUSION

The coordinated control of EVs and WF and PV generation

of a microgrid for microgrid frequency regulation has been

proposed in this article. The significant findings are given as
follows:

i) Mathematical  analvsis  of  microgrid  system
including WFs, PVs and EVs is given. Moreover,
effect of time delay and continuous disturbance is
investigated,

i) Significant improvement in frequency stability can be
obtained by using the proposed adaptive PI controller
under disconnection and connection of renewable energy
sources,

1i1) By applying the proposed algorithm, the proposed con-
troller can adaptively change the control parameters
according to system operations including dynamic mod-
els of WE, PV, and EVs,

iv) Superior stabilizing effects of the proposed adaptive
PI controller over a conventional fixed PI controller
can be achieved under continuous system uncertain-
tics, disturbances, and various patterns of realistic time
delay.

According to the obtained results, it is promising that the
proposed adaptive coordinated controller can be applied in a
microgrid, consisting of WE, PV and EVs. Also, the devel-
oped adaptive controller can be an alternative control solu-
tion for supporting the use of renewable energy sources in
microgrids.
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