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Academic Year 2020
ABSTRACT

This thesis presented the design of a small electric vehicle for the elderly. The design
concept focused on the design of the brushless DC motor (BLDC) drive system and the electrical
control system for an electric vehicle. The thesis aimed to study the electrical behavior of the
system determined by the driving simulation of the elderly driving behavior model and the traffic
regulation in urban areas. Moreover, it aimed to find out the efficiency of the small electric
vehicle for the elderly.

Regarding the driving behavior and the traffic regulations, vehicle dynamics was
considered for selecting the rated power of the BLDC motor. The rated power at 1.5
kW/3kWp with a 48 V, 30 Ah battery was selected. The BLDC motor speed was adjusted
with the DC bus voltage of the inverter. The driving test simulator with traffic constraints
was then simulated using MATLAB & Simulink software.

The simulators showed that the maximum speed of the electric vehicle with the motor
output power of 1.74 kW on a horizontal road was at 39.3 km/h. The maximum distance was 28
km when the state of the battery was decreased to 80%. In addition, the electric vehicle could
climb up a 4 percent slope - an angle of 2.29 degrees - with the motor output power of 2.96
KW at a constant speed of 30 km/h. When ecoing over a 45-degree speed hump, the motor
output power was at 3 KW and the torque was at 10.5 Nm. According to the aerodynamic test
with the wind speed of 1.6 km/h, the motor output power of the vehicle was at 2.68 KW with
the torque of 6.8 Nm at a constant speed of 39.3 km/h. The results indicated that the design of
the drive system and the battery capability were appropriate for the range. Finally, it could be
concluded that the design and the construction of the small electric vehicle drive system had

the efficiency and the possibility for further implementation.

Keyword: electric vehicle, brushless DC motor, elderly
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(n) (1) (m)

JUN 2.1 (lassasiuawesiiiinssuansaliuusediu @)nnsdevaainiuuans

(mrimuala (A) Teglufianisuan(2]

MelafiamauInuandlugun 2.11 LSRUNaveUnaInRAREsUTY SIUTUTIAUAN

ATIULAY EMF Mutlentin anuisawanadugunissail

U, =R, +e,, (2.1)

Tne U A9 wsIAua a7 x knuwa A B way C
i Al NSzLaLd
Ao wsuedaulnd e

R fAs Adunmiund

ksaAaa Ul wte1( EMF) v999na19dA YNt uensIn1siUas Uk Uasvasnand
Weswnduuanfianisves EMF Mnllentuagmsieuloaandnimualilugua 2.1 du

YR o a \ A ~ ° a v &
AsIfULUAURANI9TeINg right-hand screw rule wssmdeuniledthanusadeuladu

dyx
4 dt
fetiuaun1sTenna AJearunsadeulesadl
Wa=Lala+Mgig + M i+ (0) (2.3)
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Vo (@) = N, (@) (2.4)

Pom (@) = Baa B(9)sdo (2.5)
2

=

el g, (a)  Fie Windvoua A Meunmisgy o vedlsines

B(9) A9 AUULILUNYBINANG Ut T 190N A
N A9 TIUIUTBUUDIVAAIN
S A ANEIVRISANLSIAES
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|
|
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74P R S
© I S >
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Yool \ A g,
|
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JUN 2.2 (n) suvdsadlsimesing A (v) nsnsynedaveslandina A [2]

19
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.ood . )
Up= RIA+a(LAIA+ M ggie + M ycic +¥/,n)

.od : . d 20
=Ri, Jra(LAlA +M i + MAC|C)+E{NSJ‘_2 +QB(x)de (2.6)

z
2

= RiA+%(LAiA+MABiB +M i) +e,

g7l e, wansdie back-EMF vaawla A faunis 2.6 53u8asaliun1sounuses
Yosnswmilleriuaznsyualnefinismiiendinueiasnsmilendsiuiuveseaindudng iy
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L, =N°A, (2.7)
M, =N ZAAB (2.8)

el A, Ao nMsTuNwvesdngnIsirdedinuedluma A

A, AD NISTURIUTDINENGNISTEINTINAUITNIN NG A Lazing B

6=180" 6=270"
Ly
~ A~ e
o 7 NI
(L %2° 180° 2 3600 6

JUN 2.3 naveslsnesyila salient pole fiansasuivan (2]
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Wil gauiu dufe L=l =L =L,M,, =My, =My =M =M,. =M., =M
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di, . dii . di
—B 4

U,=Ri,+L=—2+M
A RN dt dt

Vo

Feluaunsmnuiudsuvewainesazausadoulanal

e, = %{NS j{‘; B(x)de

R T
el ee) o5

1 1 [=3 ! 1 % A
MIUNINTEBVDIAIUVILRILIVEN uYeIteINMAdsanslugun 2.20)

iU B(9) fimu 27 wag B(@+x)=-B(0) azla
. =NSw B(£+¢9J—B —5+9]
2 2
=NS%B(%+9J—B(%+@+”—2¢JJ (2.11)
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Control
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F Yy

Position sensor

JUN 2.5 Bunefneaiuiadanua

2.2.1 Tyuanigtluin 120 °
guUnsalaindusazflneguilsluamuvesseu v3o 120 ° Jundeifissans
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Lﬁaqmﬂﬁgﬂﬂﬁumﬂﬁumw’iwwn%umuIuLWa‘Imqé’iyiywzuLﬂ@éﬂ%@ﬂgﬂﬂiﬂiﬁ%%qLwiazé’h
wanaluguil 2.6(n) wazAnaenndestuussiulsiaumananslusui 2.6 (u) UaauLsITY
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v, Rl +L % E (2.14)
dt
di,

V,, =Rl,+L=—2+E, (2.15)
dt
dl

V. =R L—=+E, (2.16)
dt

e Vo ViV, Ao usssuliiniisugasiesiutimsoaluusazivla (V)
E. E, E. #o ususdoulnirdunaulunsazina (V)
R Ao AUAUNIUIAAIALBLABS (Ohm)

L A9 MUWTeURaInLBIAasT (H)

< 3 i4 '
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inverter

Rotor position Hall sensor
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2.3.1 WS9A1UNI1YUVR358 (Rolling Resistance Force)
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N A9 wssUiseniiunseinduaesa [N]
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Fem k, 1DudnUszAncuse

dl ! o a Q‘ = a 1
13141 2.1 G]’]i?\‘]ﬂﬂﬂﬂﬂi%ﬁ‘l/lﬁl’lﬁﬂLﬁEJ@VH‘Llﬂﬂ’]‘WN’JWNG]

F. =k.mg cos(6)

F A9 h3991un1seaaudn [N]

a

[y

[

AUNINYUVBITDTITUD

9 duUsANBUIWIUNTNY VDI

¥

gAUANINVDININIRITIN 2.1

Y

(2.18)

vinnuu k, (.ade)
ADUNIALIAY 0.01 - 0.02
ARUNIALUEN 0.02 - 0.03
woaanwe 0.01 - 0.02
woaiasiun 0.02 - 0.03
Yy 0.02 - 0.03
huds (0 f -4 o) 0.01 - 0.03
Hansanlisnens 0.02 - 0.04
AURN3I 0.03 - 0.05
NIY 0.03 - 0.05
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2.3.2 W39HUDIN# (Aerodynamic Drag Force)
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91MAIINNYiTetiasYuagTuiunnthdnlay JUNTIveNIvUL

9 W@ =

\

a) Circular disc Cd=1.15 b) Cube Cd = 1.05 ) 60°Cone Cd=0.5
d) Sphere Cd=0.47 ¢) Hemisphere Cd = 0.42 f') Tear drop Cd = 0.05

JUN 2.11 dnuaizvesUnsilnasausswueneL7]

Tutagdunisesnuuugunsmuvdneinianacansagdawaliiseiueiniaanasl Ags
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wdnuaniusndelnetadfiinasdeusidueiniaswunldsiie-g]

n) anuErandiauseudfamsumnstunisiedeuiiayvi lnaauseinusaslunig
ndufugnfienavesaudufienindeatunsindeuiiosiliAnusaasy

7) dnwairsUNsIvoIILE U NLTIAAT UL uag fusUNTsTia MmN SEULTId 1Y
omAAnTuiuAnINN SRR LS usEINe g unTuas s und e ssauansaiuin 1L An
usensevhnuinafiiinufuiigsniwdndumsiadeuiivessaenls
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1
Fw = PCwANVcar)” (2.19)

29



e Ry A9 L3961U81NA [N]

p AR AWMILULEINIA  p=1.5kg/m®

)

o

Cyw Ao duUszansussdueinia (Drag Coefficient)

3

Ao Ausvasludn [m/s]

1% '
~ I

Ao NuUNUTNAnve9saliiln [m?]

D

% '
= Y o

T8 ANUNNTNFRau15aA UM leaINaun1s (2.20)

A=0.7WH (2.20)
Tned A fe fuiinihdevessaliii m?]
Ao ANUNIN9ve9sabida [m]

H  fie mugevessalniin [m]

2.3.3 ULSAEIUNNTU (Grading Force)
LIIAIUAINMIITULARIINN1SATALARDUNVU LUV UN T UATAT AL

o @& v Yo o | = v £ a g o o v a P v
Jududeddmaudruieivusisswnuguinaniminvesiisalniuasgdudoaiel
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NARBWLIIALAARINNITUlALA[6-7

1) thniinvessaluiiastud

2) ANUTUYDINURIDUY

TP TIAILAINNNTUL AR NSNS0 N T YA T IAA DL TINF RN AU
a ) P ) A a ~ ) A ~
RatuazhsINvuIuiuNIsiedauvesaliiln wseivuuiunseasuiveIsa liiaunse

UL TIP LN ULARaENNTT (2.21)
Fg =mgsin(0) (2.21)

Tnen Fg A9 IIAUNI9TY [N]
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A o £ 3

m AD UINUNTOBUR [ke]
g A8 usslapavedlan [m/s?]

G fp wWesitudanutu [%]

INWFIPTIUNG 3 NNANIUITIAULUAIUITOUIUTIATIE PRSP UNIAUA LA AIEUNNT
(2.22)

F=F +F +F (2.22)
row g

Fp A wssiunsvan [N]
2.4 AMSATNENIUVRINITTUIARDY
masnldlunistundon Wesnsudmdeuiiluaz Aesldindsanueinesuivyuas iy

welviinmdsduiniiow AMdatiagrosinnenvzyuMaangadeluilloninusasinumiu /g 9

sodsanunsaraauldle ferndeattlunistueasumilaainaunis(2.21)

0] Ty 7,
—»@é) ” )2!:)—»
Py )
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== ==\ (2.23)
AT OV
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e (2.25)
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27zN

Tae T A9 LSI0AVDINDLNDS [N-m]

e

v

P fio Mawawamas [W]
a [ @ &
N AD 9RTL5150UVDIUBLADS [rpm]
< d‘v d’ d‘ gj [ @ a v v 6
ASUIAMULSITOUNADINIT N SLARDUNVBISA TN T LR 1L51v9 9509 AN UFUNUS
fUAITRITISI59U TR TUBE AU NIIN1ITNAI DITIANUITAIATIZ U TNSIV0950 LAANEFUNT

(2.27)

N = V x100

S=F 7 7\ (2.27)
271 x60

el N Ao mnuSauwanilesing [rpm]

VA anusivassa [km/hr

[

r Ao SAdlvpsanLazend [m]
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[
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Aoen1swarANUmIzallumsldnudmivgasie

3.1 nM1seanuuularaieeueud lWihdmiuggeny

U v

1 = I o v Y < o < ]
ﬂ@lm’li@@ﬂLL‘U‘U‘VI?@ﬁiNU’]UEJU@ﬂW‘W']ﬁW%?UE&QQ@’]E}I ﬂﬁ]WLUUG]@QLGU’ISLQGUMWBUﬂWi

yuresszuunelugusua i denou sakanslumdasaly

Bettery Pack

e
Y
SERRNE

DC Bus

Converter

¥

SURl 3.1 wnudsmsvhavessusudliiivunedndmiuggieny

SYUUNITNINTUL BB UARTIE NS 11U N UALAeSnSe (Bettery Electric
Vehicle,BEV) 1ugnusugiildueineslunisiasundsmunslaflndundinunisnalaes
wunwesdunrasinenduliuntemesifiesedaniier Msviawwesssuuie fdwnsvisae
wuUAWe3( AC on-board charger ) finthilwdashniinssunaadulndulninnszwanse wazusu
spiuussiulninszuansuitovfalviLinunmed wuameTiduunasdnendenuliiugunsal

a a 4 a o w a ! & A
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dunesimesazadiwssiuauaiiionnglituuawmestinyulufianisnisuyul azanus
AuNLIIaeensla  Tneludygrulssunsedygiunszuaainaiagesnwaslunszuiung
Anasionuauusnes  ludiuvsswawesazuiamasnulnindundunaiiiadiiiu

pasnululiszuvdinaswesasvinlieusudluiedaun

3.2 NMSATUIUKIVUIAVDINDLADS
1nund 2 ldnanafmguinisesnuuusiuidsduuemesifienididsluiinves

vowesvinszuanswuuliuussaulpedammunuseneg fin1s199 3.2

AN 3.1 Gﬂi']ﬂ“zljaiquaﬂ?i@@ﬂLLUUN@L@@ﬂW‘ﬂWﬂiSLLﬁG]i\‘iLLUUVL%ILLU 907U

LG fua U3 iveld
vwitingusudliuasdiud m 320 kg
ShsuSifioanuuy Vv 40 Km/hr
Nudinindavosnsdud A 0.7 2
Salidouazeng r 0.278 m
FUUTLANSUL IR URINA Cd 0.45 -
BNTIVAVDILNAN Gear Ratio 8 -
Uszansnmnisdeiasfiosnuuy n. 0.95 -
AINUNINNYBTD w 1
ANNGIVRITD H 1.7

3.3.1 nMsAmnLsiufinssinesueudlifivinadn
1) L39FUIINNITNLY
MIAMTIIUAIINAITYY (Fp) 30naunis (2.18) inannnisusadeamesening
prafuiuvesauniifiinavesusuiuInsei AduUsravsueussinun s uvesdede u
9 (2.1) Tean k, fewihiu 0.02 Fadentnandnvaresanimiiuivesouy dmsums
sanuuulfemsudlnihduindenluduniesuie a=0 nsindeuiveseusudlulinseii
yufufiuvenuL

F, =62.78N
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2) LTIFUDINTA
NAILTIAIUBINA (Fy ) INEAUNTT (2.19) WTIAIUNIUYBIDINTATULANDIIN
NUNUTNAAUDIIUBUANTENUAUDINAVULLALIAT p ADAIAINNIUILULYDIDINALAY

1w

WAsuAIzgNUsTIIN 1.2 ke/m? uazillosugusimdaunauinausiasladuuszdnsuse

AureINATINSEIdegueud Ao Cy Inelafemduusyansuseinutiuazeyi 0.45
Fyy = 23.33N

3) WIIFUAINNNTY
Aty (Fy) 91naunis (2.19) osuusiindouiiuunuuii
arutuagyiliuawmefiuiududosdusdumsduiadouiigiunmzioms uidomiusal i
dhsvedlan uiiilasanoenuuuiunuususuddmiudgiengtuldindeuiinneluuvningde
weluladseusnasyyd Auilasseuduiiufinshlia o =0 Sinsevhlfuseduannisty

Tudu 0 wssdunmunulaaannIs (2.22)

3.3.2 NMSAUIVNINANRINDLNDS

PANNAIN A1V BLRBIAIELNTT (2.25)

P, =1277.78W

o w s I o w s

INNTTANUIAL WO VUIAT AN 1699890 DLABIUUIILAAIN 18 W DIUBLABSAI NI WA LTD9R1N

N151H9NUTINIM T DVUIPVDINAALANTUDN 25 LWasidu

P, =1597.22W

s a

LW9991NYUNIAYBINBLABSTANAR U8 TuT aInantuldTlmundnde1uIule J9denlduawmas

JUnNMasAtNALAaURAWIMlaRRNR 1500 W
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3.3.3 ﬂ’]i%’]ﬂ’)’]ﬁJL%’Ji@Uﬁﬁaﬂﬂ’ﬁ
< & 14 Y v < cag Yo
MsmAULEIseuTeuil e laRau NS (2.23) MIAULSIVBINBLADSTLTTULNAN

Wesnemlaainaunis (2.29) @enldueameasauia 3000 rom

N =381.67rpm
N =3053rpm

o o
3.3 NTATUIUARIVUIAVDILUALADS

INNTANUIUMIVUIAVBINBLABTEA 1500 W Lilpendesnistienusudlseee
MINNTIBEN 20 km isizatugueunelaidodlumenuldlidesndt 1 93lue Feldiamn

TUNSAIUIUNAVUIAVDILUALADTN 1 TR

B =R xmth) (2.15)
SV
B, = 1500Wh
An=S (2.16)
VB
Ah =31.25Ah

BN TR UMMETIWIA 3.2 V 30 Ah FOLUUNANIIWIL 16 NaU LAvuIULUALADS

LS9AU 51.2 V Asgud 30 Ah

3.4 nasinaeserueud iliivuiaindmiudgeiadaalusunsy MATLAB &

Simulink
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P 2 I = . = 1 & &
AIEANLTIaNLTUUGDN Signal Control G4N1TAIUANIZUUIDBNIUUNITAIVANAINLIITOU
wazuswulninszuanswuu #-le (P Controllenagluguvasudonlaozunsu Control Fa1du

U a

FyIAIUANINDTANTEAURTIAUTBILUAKDS NT18lindultesedunesmesfiegluvden
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Abstract— This paper presents an analysis of installation of
solar powered charging station in power distribution system.
The 9-bus primary distribution system was used to test the
power flow using the Newton Raphson method, comparing the
size and voltage angle with the DIgSILENT program. The 3-bus
test system is used to analyze the installation of the charging
station for a solar electric vehicle in distribution system. The
power flow was analyzed by determining the solar energy source
and the electric vehicle load in time series. The model of solar
charge stations and the size of electric vehicles are determined
at 100 kWh. The results of the power flow test using the Newton
Raphson method found that the test results were in error by
comparing the size and voltage angle with the DIgSILENT
program that maximum value of at Bus no. 9 is 2.04% and -
3.91%, respectively. While testing the analysis of solar powered
charging station, it is found that the charging time will affect the
power loss of the system and the maximum energy demand. The
simulation, it is found that the suitable solar panel size must be
greater than 7.39 kWp. Therefore, the electrical system design
study using the PyPSA program to analyze of the solar powered
charging station in distribution system shows the application in
the design of the electrical system to support the load expansion
from of electric vehicles and solar powered charging stations in
the future.

Keywords— power system analysis, electric vehicle, solar
powered charging station

[ INTRODUCTION

With increased popularity of electric vehicles (EVs) and
increased awareness of renewable energy system ( RES),
smart charging of EVs would be crucial to enable EV owners
or EV charging facilities to align effectively with available
local RES generation, available charging times and at the
same time maximize profits by taking into consideration the
variance in grid prices[1]. The four main areas of research
discussed in modern power system as shown in Fig. 1 are:
power system infrastructure arrangement, grid-connected PV
charging systems, EV load demand in a workplace
environment, and power management in RES integrated EV
charging systems.

Essentially, the study of power management its RES
integrated EV charging systems is to figure out the weak
point or strong point of the electrical power network. For this
reason, controlling for increased reliability in the power
system was essential for the electrical power system. Many
researchers interested in researching and discovering the new
methodology and resources, such as free software to help
with computing, can be defined as discussed in [1-4].

The free software used to solve the problem of electrical
power and to increase the request to the degree that the
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analytical results can be interpreted at an acceptable level as
shown in [5-8]. Python- based Power System Analysis
(PyPSA) is a popular free software that can be used to solve
the electrical power system network. The advantage of the
PyPSA toolbox is that it can be flexibly updated in modeling
tools, loosely evaluated tools, dynamic response and the
power system network can be easily designed. Therefore, this
paper aims to solve the power system study by using the
PyPSA toolbox that can be modeled in the 9-bus test system's
radial distribution system. The simulation results will be
compared with the DIgSILENT program in voltage
magnitude and voltage angle profiles [9].

SMART Control

Fig.1. Modem power system for EV charging station allocation,

This paper is organized as follows. First, the solar-
powered charging station concept is descripted. Then, the
electrical system model based on PyPSA toolbox is proposed
in section 3. Section 4 shows the simulation results. Finally,
the conclusions and future work are presented in section 5.

1I. SOLAR-POWERED CHARGING STATION CONCEPT

A solar-integrated charging station for electric vehicles
was built. The charging system is fitted with a PV array,
charging unit, battery pack, and bi-directional inverter for
load response. The bi-directional inverter controls the
power flow between the different units[10-15]. It has two DC
ports connected to the PV panel and battery storage, and two
AC ports connected to the utility grid and the EV charger,
respectively. Solar PV electrical energy projection and EV
charging demand projection are introduced into the energy
management system to optimize the buffer battery state of
charging (SOC), maximize the use of PV electricity for EV
charging, and avoid EV charging during peak hour[16-18].
The charging station has been continuously operated and used
for a year by several EV users. Every minute was registered



the EV charging a load, PV power, grid power, and cell
voltage of each cell. The research gathers data from both the
battery management systems ( BMS) and the real- time
controller and evaluates the operation of the system and the
performance of the battery. Fig. 2 shows an example of a
solar-powered electric vehicle charging station [19].

Fig.2. The example of solar-powered charging station for electric vehicle.

The control strategy was developed with the goal of
optimizing PV power for EV charging and increasing the
exchange of electricity with market and system demand.
When an EV is connected to the battery, if available, the PV
energy is used to charge the EV. If more power is needed, the
battery or / and utility grid will provide the remaining power.
If no electric vehicle is plugged in, PV energy will be stored
in the battery and excess PV power will be fed into the utility
grid if the battery is fully charged. When the battery charge
is low, grid power is used during off-peak hours to bring the
battery state-of-charge (SOC) to an optimal level. Based on
the estimation of PV electricity and the projections of EV
charging demand, the optimal battery SOC is calculated [20].

1. ELECTRICAL SYSTEM BASED ON PYPSA TOOLBOX

Recently, the free software to solve the analysis of the
power system is that and important to solve the electrical
power system problem. PYPSA toolbox is one of Python's
program-based free software [21]. To solve the power load
flow, the PYPSA toolbox can be used to cover the analysis of
the time variant. The parameters or data of the electrical
component are modelled from the actual electrical component
consisting of bus type, load model, line model, transformer
model, in order to be solved in static or dynamic analysis.

The power load flow each bus for giving the input data as
same as load data and power plant dispatch that are
represented each bus 7 as shown in (1) [22].

N
S, =B+i0,=VI; ='3[ Y,,V.] =

i=1

where is the matrix for the entry of the bus and where is the
dynamic voltage. In the meantime, PV and PQ are the bus sets
and the cloud as expressed in (2)-(3) is specified.

i
Jj=1

N g
Rel:V,[ YVJ:|—17=0 Vie PV UPQ 2)
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Im[VI[ZYUV,] :|—Q =0 ViePQ 3)
i=1

Therefore, it is necessary to find the special parameters
6Vie PV UPQ, and [KlVie PQ , respectively. By using
the equation f(x)=0, the Newton- Raphson method is

chosen to represent in Jacobian method by using the equatio
n as shown in (4).
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Generally, the initial condition values are defined 6, =0
and ]I':| =1 for determining the unknown quantities. Each

electrical component model is described by the PyPSA
toolbox from the actual electrical power system [1].

IV. SIMULATION RESULTS

The PyPSA toolbox in Python programming, considered
using a 9-bus radial distribution system to compare
commercial programming with DIgSILENT[26], is under
investigation condition. The 9-bus radial distribution system
details are single line diagram power system circuits as shown
in Fig.3. In this paper, the power system analysis method is
selected for static analysis and assumed to be the same as all
transmission line length and all test load as shown in
Appendix. The PyPSA toolbox can generally represent the
modeling of each electrical component connected to the power
system. To show the proposed study and apply it to the actual
electrical power system. To adapt the PyPSA toolbox to solve
the power load flow, the test system is selected on
uncomplicated and in condition. Basically, each proposed
power system network can be modified in this study to solve
the problem.

MV B1 B2 B3 B4

et 0.83MW

Bf=0 200sry B8 B7  B6 Bs |14

=R+ jX

P =r+j0

Fig. 3. Single line diagram of 9 bus test system.

The simulation method compares the study of the power
flow between the PyPSA toolbox in Python and DIgSILENT.
For computing the charging station sizing and PV sizing, the
voltage profiles of each bus are represented with different EV
load models [27]. The case studies can be classified as
follows in three cases:
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Table 1: the voltage amplitude profiles of 9-bus test system from PyPSA and DIgSILENT simulation.

Detail Bus Number
Sars MV Bl B2 B3 B4 B> B6 B7 BS
PyPSA(pu.) 1.02 0.98 094 091 088 0.85 0.84 082 082
DIgSILENT(pu.) 1.02 1.01 097 094 091 0.89 0.87 086 086
0.000 277 317 362 3.94 426 457 475 478

Diff.(%)

Table 2: the voltage angle profiles of 9-bus test system from PyPSA and DIgSILENT simulation.

Bus Number
Details
MV Bl B2 B3 B4 BS B6 B7 B8
35 g 5 712 805  -8. 92 95
PyPSA (Degree) 0 3.51 4.82 6.03 131 8.0: 8.78 9.28 9.54
DIgSILENT (Degree) 0 -1.84 -3.14 -4.33 -5.39 -6.28 -6.98 -7.45 -7.69
0.00 1.67 1.68 1.7 1.73 197 1.8 1.83 1.85

Diff.(%)

Case Study 1: Power flow analysis

This case study will analyze the analysis of power flow by
using the PyPSA toolbox on the Python program compared to
DIgSILENT simulation results. To demonstrate the voltage
profiles and voltage angle of each bus, the 9-bus radial test
model was chosen. The voltage profiles in per unit (p.u.) are
displayed from Table 1, and the percentage error value of the
voltage profile also expresses between two programs. Up to
4.79 percent of error occurred on bus No. 8.compared to
PyPSA and DIgSILENT in percentage, the voltage angles of
each bus were shown in Table 2. The total error in bus no. 8 is
1.85 degree.
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Fig. 4. The comparison of voltage amplitude profiles of 9-bus test system.
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Fig. 5. The comparison of voltage angle profiles of 9-bus test system.
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Fig. 4 shows the 9-bus test system voltage profile
comparing PyPSA to DIgSILENT programs. As a result, the
simulation results found that PyPSA voltage profile value is
less than DIgSILENT voltage profile in the same direction.
The voltage angles of the 9-bus test system were also shown
in Fig.5. The PyPSA's voltage angle values are higher than
DIgSILENT's performance.

Case study 2: Electric vehicle model

This case study proposed that the electric vehicle use
PyPSA to calculate the size of the charging station and PV
sizing. The condition of the parameter was specified as
follows: The efficiency of the charging station is 95%, the
size of the electric vehicle is 0.2 kWh/km, the driving distance
of the electric vehicle is 200 km throughout the day (24
hours), and the solar-powered charging station was designed
as a PV rooftop installation in this study. The analysis of the
simulation will be divided into 3 categories, the first case
being the charging time is 3 hours and the charging power is
6.67 kW / hr. The second case is 2 hours charging time and
610 kW / hr charging energy. The final case is 1 hr charging
time and 20 kW / h charging capacity. Table 3 shows the size
of PV and the power loss of three case studies which case
study 1 has the minimum size of PV and the minimum power
loss.

Fig. 6 shows the results of the simulation in case study 1
which is about 3 hours in the morning and in the evening. The
maximum energy demand is about 6 kW and the maximum
energy in the operation of the AC-DC converter is 1 kW. Fig.
8 shows a simulation of 5 kW charging capacity. If the battery
energy is considered in this study, the maximum charge at the
household is 35 kW.

Fig. 7 shows the simulation results in case study 2 which
charging time is about 2 hrs on morning and evening time.
The maximum energy demand is about 10 kW and the
maximum energy of AC-DC converter operation is 1 kW.
Fig. 8 shows the case study 2 simulation which charging
power is 10 kW. If this study considers the battery energy, the
maximum charging is 40 kW at household. Fig. 9 shows the
simulation results in case study 3 which charging time is
about 3 hrs on morning and evening time. The maximum
energy demand is about 20 kW and the maximum energy of
AC-DC converter operation is 1 kW.
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Fig.7. The charging power (p) and battery energy in case study 1.

Fig. 8. Sizing of quick charging station and PV in chase study 2.
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Fig. 9. The charging power (p) and battery energy in case study 2.
V. CONCLUSION

This paper proposed the analysis of solar-powered
charging station in power distribution system for computing
the sizing of charging station and PV panel. The power flow
analysis was studied by using PyPSA and DIgSILENT on 9-
bus test system. The voltage and angle profiles on case study
1 have the error about 2.04% and 3.91%, respectively. The
model of solar charge stations and the size of electric vehicles
are determined at 100 kWh. The results of the power flow test
using the Newton Raphson method found that the test results
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were in error by comparing the size and voltage angle with
the DIgSILENT program that maximum value of at Bus no.
9 is 2.04% and -3.91%, respectively. While testing the
analysis of solar powered charging station, it is found that the
charging time will affect the power loss of the system and the
maximum energy demand. The simulation, it is found that the
suitable solar panel size must be greater than 7.39 kWp.
Therefore, the electrical system design study using the
PyPSA program to analyze of the solar powered charging
station in distribution system shows the application in the
design of the electrical system to support the load expansion
from of electric vehicles and solar powered charging stations
in the future.
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Design of Small Electric Vehicle Parameter
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Abstract

Today's society in many countries has changed from internal
combustion engine vehicles to electric vehicles (EV) due to various
factors such as conservative energy and reduced environmental
pollution. This article discusses the parameter design of one-seat small
electric vehicle for use in a village or community with a total vehicle
weight of 320 kg, a driving distance of 20 km and a speed rating at 40
kilometers per hour. With the design of clectric vehicles based on the
principles of dynamics, the total resistance forces are determined. The
electromechanical  torque,

speed control and battery sizing are
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calculated and simulated with MATLAB & Simulink program to study
the behaviors of the internal electrical system of EV. The study found
that small electric vehicles using the maximum 1.5 kW / 3 kWp electric
motor can simulate from the driving simulation by 2 methods,
horizontal and slope, which the horizontal test method motor EV can
reach a maximum speed of 39 kilometers per hour. The test EV on

slope at 6 percent of slope can driving with a maximum and constant

speed of 31 kilometers per hour.

Keywords: EV, BLDC Motor, Battery
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