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## 4970386721 : MAJOR MECHANICAL ENGINEERING

KEY WORD: FUEL CELL/ SUPERCAPACITOR / HYBRID PROPULSION SYSTEM
NARTNARONG LIMWUTHIGRAIJIRAT : THE DEVELOPMENT OF A FUEL CELL HYBRID
PROPULSION SYSTEM FOR SCOOTER. THESIS PRINCIPAL ADVISOR : ASST. PROF.
ANGKEE SRIPAKAGORN, Ph.D., THESIS COADVISOR : NUKSIT NOOMWONGS, D.Eng.,
193 pp.

This thesis aimed at the development of a hybrid fuel cell propulsion system for scooter where a
medular 1.2 KW PEM fuel cell system was employed as a primary energy source and the battery was
employed as a secondary energy source. Supercapacitor was also studied as an alternative secondary
energy source. Mathematical mode| of hybrid fuel cell propulsion system was used for the design and
the assessment of the feasibility of the protolype. The simulation result indicates the need for hybrid
configuration. The subsystems were tested in order to study the characteristic of each part and also to
develop empirical models of subsystem. The models were shown to provide accurate prediction of the
subsystem performance. The models are then employed to improve the design of the system. This study
explored the optimal cenfiguration of two types of hybrid fuel cell propulsion system including 1) fuel cell-
battery hybrid propulsion system and 2) fuel cell-sup rcapacitor hybrid propulsion system. This work
attempted to identify the most suitable secendary energy source for a hybrid fuel cell propulsion system
for scooters. The testing was implemented by a programmable electronic load which simulated the
traction load following a set of selected driving cycles. The propulsion systems developed are shown to
work satisfactorily over the prescribed driving cycles. There is no discemable difference between the
fuel consumption of both systems. In term of cost, although supercapacitor has obviously higher initial
cost but in the long term, supercapacitor has lower total cost. Supercapacitor also has added benefits in
being maintenance free. This paper concludes that, compared to the battery, supercapacitor is a better

choice of secondary energy storage for the hybrid fuel cell propulsion system in scooters.

Field of study Mechanical Engineering. . Principal Advisor's si

Academic year 2008 Co-advisor's signature
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HEYV Model Propulsion System
PSA Peugeot-Citroén / Berlingo (France) DC Motor
Holden /ECOmmodore (Australia) Switched Reluctance Motor

Nissan/Tino (Japan) Brushed DC motor
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3.3.1.2 Brushless DC motor
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Parameter Lead acid Ni-Cd Ni-MH Li-ion Al-air Zn-air
Specific energy 20-35 Whikg 40-55 Whikg ~65 Whikg 90 Wh/kg 225 Whikg 230 Whikg
Energy density 54-95 Wh/L 70-90 Wh/L ~150 Wh/L 163 Wh/L 195 Wh/L 270 Wh/L

~ 105
Specific power ~ 250 W/kg ~ 125 W/kg 200 W/kg 300 W/kg 10 W/kg
Wikg
Nominal cell voltage 2V 12V 12V 35V 14V 12V
Charge efficiency ~80% Good Good Very good
0.022 /1 Ah
Internal resistance 0.06 /1 Ah cell 0.06 /1 Ah cell Very low High Medium
cell
Stationary
Commercially available Small size Small size Small size Very few
system
Operating temperature Ambient -40°c - 80°c Ambient -40°c - 80°c Ambient -Ambient
Self discharge ~2% / day ~0.5% / day ~ 5% / day ~10% / month Very high High
Number of life cycles >800 at 80% 1200 at 80% 1000 at 80% > 1000 > 1000 > 2000
10 min
10 min
Recharge time 8h Lh 1h 2-3h (replacing
(replacing fuel)
fuel)
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C,=1"T (3-2)
mel
C, P2 Peukert Capacity (WaalsFalia)
kp e Peukert Coefficient
I A narudlinannuunaes (enudd)
T AR ANN13aNENTELE b (%Tm)

FoutlsnazuanisszrunasnuluiunwesivanilalaaArsziinisilezq (State of
o t:ll tﬁl =K o o QIIQ; A ] 3|
charge) Aeannsh 3-3 Geazuaniessaunawnluwunaesnvasatinannazuaniiy
v al o Gl = o o | =3
FaaazleuiuAIINg YTaUeNiNssAUNANIIUTAEAIAIINANN1TANYUTEq (Depth  of

discharge) A9ANN13N 3-4

t
j 1“dt
S0C=1-2 (3-3)
Cp
||
J' 1% ar
=2 (3-4)
3600C,
Tngl
SOC ma  AY3¥AUNI9q (State of charge)
DOD fa  AANANNNIANElszq (Depth of discharge)
t AR a1 (uai)
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N17971889N19N N ULLARETNN b Lae IEeaslif R eLwn (Equivalent circuit) #ig
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317 3-14 Tnaunasanausssuininmeulsiuusssulninvesiunnesanziilaneas (Open

circuit Voltage, V. ,) @iiludnaueg

o

uAnANaNNIIAelszqasannai 3-5 il

wpAUINAN 1T A099 7T UUALAB UL LILNNTA-AZH

Internal resistance R

—o0

Open circuit Voltage,Voc s

O
5117 3-14 asas WA NLLVIN19ULIALAST

Voe s = Mo 5[2:15= DOD(2.15 - 2)] (3-5)
Tne

A

Voey P8 usesuliiinzesuumeaesneitanesg (laas)

Mews PB  ANUIUIARLDILLAAET

ANNAIUNIUAEIULLAMET (Internal resistance) MWL LUANABIMUULELA WAL
Auualiau un w181y Tua g TUTUIAAIINATBILLALABTUAZATUIVLTAR T

UUALABTAIANNNTN 3-6

ncell,B
R = s (3-6)
10
ol
R, Pa AHEuunell (Tan)
“ y C o o
rp, Pe Asuniunneluselsadn 1 wenud$dalug (Tew)
C, A8 ANuqIesuUARaTAnIsane Wi 10 dalus

(han w5 Tu)
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3.3.3.1 KULANABITALILLTZqAINNES
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dsznaulisamnusnuniunialuuiueynss (Intemal series resistance) aaiieu gy

17809909k AU N ANHBNN1TAN18NAI9Y wWaLFAaLuTlen1 (Inductance)  TaNMA
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(Internal parallel resistance) mmauimnumz‘zﬂﬁyLmﬂmﬂm?maﬂ?mﬂummq (Self-

discharge)
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Internal series briternal par allel ¢ esistor
t egigtor Inductor
C VW £11h | *
+ - Capacitor

U7 3-16 wasIf e uviregafiulszqpNgge
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nazua i acugaifivilszaaeinqgelifiiannisi 3-8

1 d(I/nparullel SC)
Ve = Neries sc| Rs sc + Ly - +
| nparallel SC 4
+ 1 I 4 Vie 2y R; sc A + L. d(I/nparallel,SC) t1(3-8)
CSC nparallel,SC RP,SCnseries,SC RP,SC npumllel,SC RP,SC dt
a8l
Vi Aa usvsuldiaesgaiulszqamnnqgataas)
I Aa nazualWinaegaiuilszamnqga(Lanls)
A o 1 [~3
M et SC Af NUIUNITFABIUIUTBITAALLITLAAI NG
M, s SC An RIUIUNTADAUYNINVRITAILILTERAINNRGY
A %
Ry ¢ Af pNAUNIUNe lwiutensy (law)
A %
R, Af ANAN NN U lwLLaunK (Taw)
Ly, A AaNwTiaatia (las)
A [~ :ﬁl & o
Cye Af AINNRTBITAALLTTAAINAGIUILTAS (WN3R)

o [~3 -QII Y 1 :,/ ?/
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AN9199 3-4 AanEnzianizreasasitawas luuAazsiauaznisldau

Operating
Fuel cell Fuel Electrolyte Efficiency Application
temperature
. Stationary (>250
Phosphoric acid H, Phosphoric acid ~200 C 40-50%
kW)
Potassium
Alkaline H, hydroxide ~80°C 40-50% Mobile
solution
Proton exchange Polymer ion "
H, ~80 C 40-50% Electric vehicle
membrane exchange film
Electric vehicle
Methanol .
Direct methanol Solid polymer ~90-100 C ~30% ,Small portable
,Ethanol
device (1 W-70kW)
\ Stationary (>250
Molten carbonate H, ,CO Carbonate ~600-700 C 50-60%
kW)
Yttria-stabilized h
Solid oxide H, ,CO ~ 1000 C 50-65% Stationary
zirconia

3.3.4.2 SEULIARITINGY
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nsvinuemasiaemasazaiinllldfsedetsruntasiinanudiniuedig
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uanalugii 3-18 [26]
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——< Control Signals #1-7

Temperature, Pressure, [H,] , [O,]
Fuel Cell FC Current, Air Mass Flow, Cell Voltage
Controller Check, FC Voltage, Purge Cell Voltage
On/Off Signal

<—>I Serial Port Communication I

Main Gas Valve

CP g E H, Regulator

I
I
I
I
: |
| I
| I
| ressure Relief Valve I
) - I
I % Purge Valve |
| ai [>—<> . A »> |
| o |
| I
| I
| I
I

|
| [t CEmm
JI
|
|
|
|

WS 5 ®
Fuel Cell
Air Compressor ! el @
.y Vv
y

Cooling Fan(s)
OS R
L - Output

—_— e e — gt TR E R s e | -

+ Output _-i<-—

Diode  Relay
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ANTNN 3-5 ANBUSLANZUBLTASLTANAIA I e 113AE]

OUTPUTS Requirement Defmitiogj. ?: - Quantity

Power Rated Power Capacity at Standard Conditions, BOL 1200 W
Voltage Operating voltage range 22Vto50V

Voltage at Rated Power - ol 26V

Start-up Time Minimum time to achieve Rated Power from a Cold Start condition 2 minutes

Physical Dimensions LxWxH 56 x 25 x 33cm
Mass Total system mass 13 kg

INPUTS Requirement Definition Quantity

fuel Purity Lowest acceptable concentration of hydrogen 99.99% H, (vol)
Pressure Allowable range of inlet supply pressure 70 — 1720 kPa(g)
Consumption Maximum fuel consumption at Rated Power <18.5 SLPM

DC Power Supply Voltage Allowable range of input voltage 18Vto30V
Power Maximum power draw during start-up 60 W

Operating Location Acceptable locations for use Indoors & Outdoors

Environment
Temperature Range of acceptable ambient, cooling air and oxidant air temperatures 3°C-40°C
Range
Relative Range of acceptable ambient relative humidity 0% - 95%
Humidity (non-condensing)
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Preliminary : Preliminary

i |
TARGET . Specification 1 i

A 4

A

Specification 2

I A A

Model

i Adjust Adjust
I v v
! .
i Steady i Driving
i Performance | Cycle
i Simulation | Simulation
| |
| |
| |
fmemmmem oo gl g ML e oo e .
I 1
1 < Primary energy !
1
| » source 1
! = Control . |
1
Road load —_— Model
i tor Strategy ]
1 L e L > 1
: Model odel. Model |
1
: > Secondary energy |
»”
1 k" !
source ;
1
1 1
1 1
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NITUAAALAYAINIINITIIeINIzLansslfndwinga foansaumnuAnTasIng Bnus ULy
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NIANELBIAUINN9A89N19119U NeLsenaussuLianisn1eule Aariuluauag

RanszuuIdnszianss atfuduiiuugn n1ednaeszuuanalulasasdn 4-2 Tneng

a
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LUNAN WA UANNNAYNENNNUBAN 16 IAEN13U 5T AUTBI LI AUNAINIAINUNES

WANUIaes B lalaegautlasussdulninnscuanss (DC/DC converter) AUl
= v v . 2 A vo | = =

wreaasfaLdausinseanuuuaaziduanazlsnmuaselyl 317 4-3 uanadeuaunInmIg

Wiraesnisdnanglunsain ldgaudlasusssulninnszuansainassiomen

DCDC | | PEM Hydrogen
Converter Fuel Cell Storage

DC/DC
< Canverter [ econdary Energy source

Power Electrc
Inverter Motor

917 4-2 n3dpavszuLdiARauLLUELSA

: I
, " Fuel Inv?_ner
Supplying 2] Cell DC-DC Battery Electric <:>
System System ’ Motor
) S 97

717 4-3 wunnwn e ifazeanisdnnsssunduiadenuuylaise

43  A19TN15UULARDY

N19ARBUTILL4TUN FTULTLLARBUAZABIANNITIONTUTNTFNG] NFIUNIUNNT

4 4 o S ¥ . .
waaunzessnielisnauisnwndeui i idnnudesnis usesiuniusnee anmnsauLs
aoniiu WIFIUNIUNIINAY (Rolling resistance force) usaAIUNIUNITINATBIRINA

(Aerodynamic drag force) WaaLNBNT3IUN9AIATU (Climbing force) wavisaiiveli
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ANNLI (Acceleration force) TIN1FAFIMUULANABIILULIULARDUITUAZHBIATUIDINTY
. da X 4 4 o o o das o o 4 s y
FN9] MARTU LiNeNazatusaataesuuun a1 luntsdudsantednasaiuunisld

A ulivzeanaesnsanendsuliinanunasdnenisinge saldls

431 UWSNANUNIUNIINEAY

[ %

k%4 tg . A [~ ai a é{ dl9/ d’l
LINFIUNIUNITNAY (Rolling resistance force) WuusaniAnIUNaRE19ALUNUN WY

LIFNUNILNITNAILAAS LAFIANNT9T 4-1

A= mg (4-1)
el

WINANUNIKNNTNAS (HIFL)

po))s
©

v 1
. =

fo AR AdNUIEANEAINFUNIUNINAY TN T 1oL LT HA L0381 n U
UWINANAN LAY THATEIN WD
m An NIATINVBINUATHIMTNLIINNTIUNA (NTANTH)

g e ANl desrastanwiaiy 9.81 m/s’
432  uwnFununTiieseseInad

WIANUNIUNNT a18981N1A (Aerodynamic drag force) WULIUALANIUNLAATY

1 1} v v 1
annaniai luanudasnaviuetiuglitsaeddionn Nulnthfnaedsnm wazaanuiEo

k1l

ANNAN IUAENUATD AIN1TOLEAS IAFIANNTN 4-2

1
F,=—pAC’ (4-2)
2
Tngl
A % a o/
F, AR LINANUNIURNNDINTA (WIRU)
P An AYNHUULLLABIBNA (ﬁi@ﬂﬁl&iﬂ@ﬂﬂ’]ﬂﬁmm)
o - R
A AR WUNUUIRALBITD (ANTINLNAT)
c, fn Auilsz@namanuAuniu (Drag coefficient)
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A < A =
v AR AQNNLTIURNTD (WNRATADIUN)
A X o
4.3.3  UNWNITUUNNAATY

WarnNn1s1un19anadu (Climbing  force) aziimusagaaaasinminuessnduly
AAN1NATTINAUNITIARDUNUANTD WFAWINTNAININANATURAZIN AT AL AR

289707 U WA ANIUALITUTLNNTARDUNUIINLUA RN TDLARD bHAIANNNTN 4-3

F, = mgsin(0) (4-3)
e

v
A w39luN25 TN AIRTY (T

6 AR NNANAIADLNTRINUOUL
4 g :
434  usuNeaF1amIINLE

WMNLNBAF19ANNLI (Acceleration force) LiaantluaaIdIufiAauwaInANHLT

BAUEU WAZIINAINAINIFUTINH TIUTIAINAMHENERAUANNTOLARQLARIaNNIT] 4-4

F =ma (4-4)

a

WseAN AN AN WA st lud sz ne v asso RN syl e AU WY
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% ) A tﬂl o d"i' a tﬂl o t:ll o -dl %
pINIR T‘E”IL‘V\I@Q VIRLATANEIUA MINTAZNANTUNNINANTENULURTUIALAN NTLLAABUAYE

14

NELFR TN AU TN AT A UNNIAN I LUIIRINATINLNITIN RO LA UNUNY ULE

NALARFAIANNIN 4-5 LAz 4-6

1
F'a!wh _ nwh 2wha (4_5)
r
I G?
F,, =" a (4-6)

el

A dl % ] a o
F AR LINLNARATINAIINLIN (UIRL)
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A -dl v ] a v a o
F, ., P8 UINWAATINANLTLTNNNRIAD (WIFIW)
F,, An WILNDAFIAIHLI VTNYNIBIUN U UIBINBLAET (UaFw)
1, A TuuudanuRevesdensazda (Moment of inertia of wheel, kg-m?)
I, A9 WWNUAANED BN UANUTIDINALAD T

(Moment of inertia of rotor, kg—mz)

= | 2
a AR AMHULINTLRNTD (M/S”)

= | v
r AR TANURNAD (LHNFIT)

= o R Y .
G AR ARTINAABINDLFDTONAD (Gear ratio)

= o U alldyd v
n, A2 ANUIULRITNAD LU TAD 2 4D

4.3.5 mizmﬁumﬁﬂmw

tzll Y o dll ff/ | A ¥ %’/ o
WINPT TULARA UL A (Total tractive effort) ARNATINUBILINANUNIUNNUNANS

ANNT9N 4-7

F:zE:Fr+Fd+Fcl+(Fa+Fa,wh+Fa,m) (4_7)

i=1

AN9ANUIIHANNAZINNINANT lunN2eanN UL AR A LI T AN Na L AR FLALANAI 11

nsdundautnadnannasi 4-7 Wag lunatdaasussiinnuawmasfsaanunisi 4-8

& 7 é(z F)= é[F, +F +F,+(F,+F,, +F,)] (4-8 1)
i=1
r 1 n. I I G* dv
T =—| f.mg+—pAC, v’ +mgsin(@) + (m+—h L -m— 2" | (4-8 9)

[ %

ANANAN19TULARDUABNARIUIIANITIALLINTUTIA TN AU A NaLAa S U

FARNNTIN 4-9
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1,G*_ dv
2 V—-
r dt

1
By = f,mgv+%pACdv3 +mgvsin(@) + (m + nWhZWh +
r

Tngl
P An NNAITUANNNBLADS (TRF)

m,out
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- n3gaLasaNNAINEINIUlLIAATR (Copper losses) AaIN
% = = y X o =
ansnulunaaniegoyiae luglaesacnfeu Insauegfuusela

WAZAHNT0 s lAFIANNI3N 4-10 N

2
T s Rk (4-10 1)
Tngl
A a ¥ o &
Lo, P2 nageuiasainmnssuniuluanaan (3ns)
k., fPa  dudscBnsaausnuniuluasaisuames
- nasgayiAsN 18 lulnuman (Iron losses) MAANNNINUNUMANTDY
NamasuyULAINAN U uUNAzg AN RsuasTas
Arn1eaadraranuwannie lunuman (Hysteresis losses )
F9a18170a10 0 e las lFwnumanTluLnumManean (Soft iron)
uananiunsgada luinumanandountiainannismtaaiin
VHnanszua A luwnumaniizandnnszuaana (Eddy current)
y
o X

dl o Y a a 1% o o
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o
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AuANEIINN LAz AN T sTNlFAIaNN 197 4-10 2

L, =ko (4-10 1)
ol
= al [~3 [ 67\
L, 8 nsgeyidenne luunuman (Jms)
k,  Aa duilsg@nsunumdnuaimas
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- NM34nLAREANAYINIRANILANENALERS (Friction losses) Tuag) il

AYINEUTNN LA zANNIn LTIl S AaNnN 4-10 A

E==k R (4-10 m)

o 6,

L, =~ A8 nsguidsainandidgaaniunianewmas (3m6)

A s a g a g
k AR dutlazAnsAnuidaaniunianainag

- ma?zgzyﬁmmmﬁ (Constant losses, C, ) NN NULBINBLART

2 =
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AMNANNITN 4-9 LAY 4-11 AAN130ANUIANTEN I TN TN P A AR A FIANNIN 4-12

1 1, 1,G°
{f,mgv +§pACdv3 +mgvsin(8) + (m+ nw"z””” + )v%} (4-12)
r r

Pmin =T L
5 on,T,0)

o o o A T ' A @, A A
‘Vi']ﬂﬂ']@\iéluﬂ']?"ll‘]_lLﬂ@‘ﬂullﬂqu@ﬂﬂ'}’]ﬂuﬂﬂﬂLﬂusﬂQQVlﬂJﬂq?‘ﬂzﬂfﬂﬁ?@Vﬂﬂ?ﬁ

a q
4

(Braking) s0uaznInaztinniidsainainnisngauiuiiiuiasllinnldanueinasis

gnizineuiiuprasaan ilagaini A laseaNnisn 4-13

I, 1G?’
wh wh 4 nG )vﬂ (4-13)
dt

2 2
r r

m,regen

1
P =n,T,0) frmgv+5,oACdv3 + mgvsin(@) + (m+ n
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ANTIUBII0AN L WRLAULLAN THuanslFlunngan 4-1 [15,27]

A9 4-1 ANTTOULTRITOANTENUL UG

Peugeot
Honda H50
125 cc 50 cc EV 3 electric . TARGET
CUV-ES (hybrid)
scooter
anudigaga | kph 78 56 60 60 45 49 70
AnuanIely 8°/90 kg
PR 18° at 10 8° /90 kg
msyumary | kph | load, 60 - Bs6° 12.6° -
kph load , 40 kph
(degree) kph
ANNEINIelY
masannus?
. sec 45 5.8 4.3 S - - 5
210 0 8930
km/h
ﬁ]ﬁﬁﬂiﬂ kg 110 83 141 130 115 100 100

442  mMsmUAgNIIIUTLAZAIANELTIaNITaesn nadnAnsdunasay

NNINANTUINIUUARNIIOUZAINANIIEN18TLTAH LA dreduienadalaianunsg
=2 o dl % 1 4 o o dl a o ?:/ =2 4 Yo o o
uwanstaniszlunsduraenlietnaenadesiuaniaznisduaas detiuassedlddpansdy
[ 1 o dl 04 =K o dll Y 1
naaauiiinianunizdiaesszuy e liuansienasslunisfuinfeuaessaliedng
A9AAFBIIUNITUTATILDITNNINTUY UAZAINTONIUUARNITOUETRITD lUN T eNUULLA

RENUUNIZANNINTY

-] =

dpansdunnaauiiudeyantuanneminnizaressnluganiaanne nauinas
o e a o A 17 o 13 901 o dgl a &
il lunmeasunaieansneusivre linaaeudnsnisldiniumemasressnaud
Tnen1InadauLuATedlaun lulnes (Dynamometer) wananuuinansiunaaeuealdly
nn9aaeszuLenInIsEluntsduipden Spdnsduneaautiuaaunnsteiuluusas
dszmeiiasananwuzaainisanased luwiazlszimAvisausaziloatiuuans19iu vive

Ve aal o y o ° s Y a sl &
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Tunnsa¥edpansduneasy wsenisaiedgdnsdunaseuainnisinainnisduaase ludou

sialiazlfuuzinipansdunaseugluuusie ieidudeya

4.4.2.1 Apansiunaday Federal urban driving Schedule
inansiunegey Federal urban driving Schedule (FUDS) Lﬂuigﬁﬂ?ﬁummm@uﬁ
W Tulutszmaanigewsng afsaulaanisdndianuiziaannisiualuileunanzas

Augnuaufauaan audgegandssunnuiauilamnssiadnlug

Tediersl urban divdng schedule
10d - T T T —=

Welocity (kendh)
[
T
.
. T O

|
o (L -
't (’*l ﬂﬂ 2“: f\f" f% "u
;:u, L “ \15“3:[1‘1 }\ |

time {5

31l7 4-4 FUDS driving cycle

4.4.2.2 qpansdumadey Simplified Federal urban driving Schedule
ipansdunmaey Simplified Federal urban driving Schedule (SFUDS) tlun1san
gilae99 FUDS TdAudeTulng lanamnaizalafg AINKNLTNgNan AINNULINEIER LAY

doaiaanfing atiawintiuiuges FUDS
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simplified federal whan drwng schedule
100 T T T T

T T T

Waloony (omk)
=)
T
1

A

ol /x’ /\1 , !
1/ / = |

0 & xo =] E Ll =0
time [z

3117 4-5 SFUDS driving cycle

4.4.2.3 inansdunadal European ECE cycle
ipansfunmaey European ECE cycle (ECE-15) ifluipinsiunnaaunaineine
nanguiveununsdiualuiiestestszinaluglalinaaouiuaaeagi 18.7 Alawnssie

F0lud wazANEIgeand 50 Alamassadolag AuuuiziusueusNAANEULaTANIEAT

Europson urban diving schedule ECE. 15
T T

T T T T

a T T T

Wislocily (kavh)
=

; -

/

=
m} \ -
0 | d Al L L | d i i
E] a0 &0 CT 1w TF] 14) g

time (5

31l7 4-6 ECE-15 driving cycle
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4.4.2.4 inansdunegau Japan 10-15 mode cycle
linpaaunafsainguaudaumdnlulsemaglu anudaman 17.7 Alawes

sadalug wazANEageqan 40 Alawmssadalug winnzaniunisiuianaesiunisdua

TuH e uuFIUIALAN

o 1H1E e peie

91/7 4-7 Japan 10-15 mode cycle

4.4.2.5 qpansdunaday Taipei motorcycle driving cycle

o o

nansdunmaay Taipei motorcycle driving cycle (TMDC) ludpdnsiunagaud

b

[ %

[ d? o o [ d‘ A % [ % d} o %
'WWJH’]‘?JHZMV?UT]’]??IU‘IIGLHLNﬂﬂ‘?.lﬂ\?ﬂﬁ‘ZL'Vlﬁvafl'Vi'Ju [17] manwmxmﬂi’wwmimmum

b

v o e A 1 2 A A <
AN INALALNNUALANEULNITATIATURY Lﬂﬂﬂlﬂﬂgﬂﬂﬂﬂﬁ‘zmﬂium VIEl ABNAITNLIVGIG AN

Tduninusnagauazisaisnnia
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apead, kanih
B .-_.
i =1
——
—
T —
1

9 100 iaﬂ 43‘;; L ] E00 ?f;ﬂ L) Ql;l] oo
gﬂﬁ 4-8 The Taipei Motorcycle Driving Cycle (TMDC)
4.4.2.6 agUdaenaesininsdunesey

dl = o 1 o’ o o dl 4 ° ¥ 4
139N 4-2 Lﬂ?‘ﬂumﬂﬂﬂﬂﬂm&’ﬂquﬁl’]ﬂﬂ ?J‘ﬂﬂ@{]@ﬂﬁ‘“ﬂumﬂ@‘ﬂ‘]_ﬁ’]vlﬂLL‘LLZ‘L&W‘H'W\W]‘H

o o

Tnaaziinlddndndns FUDS waz SFUDS ludgansniaaniigeanluszdugs wiaunis

|
e A ¥

anazniasiaAeuinege vaenndesiuassngifvesnisdualulssimaanigeisdng

TuanePinans ECE-15 wag Japan 10-15 HAINITIGIGANAINTaNITALNII AT

'
o =

A » o gl ~ e ' | e A
ANARAULINEN Glu"llmf.:m']{]@ﬂ? TMDC NﬂqquiﬂﬂLﬂuVlN?gﬁﬂUﬂq?L?\?LL@::MHQQWQ‘V]Q\?NWﬂ

F19eN 4-2 1WEiiaudnSnsdun pgey

Japan 10-
FUDS SFUDS ECE-15 A TMDC
Total time (second) 1372 360 196 140 950
Average speed (km/h) 314 30.8 18.5 17 19.3
Maximum speed (km/h) 91.2 87.5 50 40 46
Maximum acceleration (km/h/s) 5.8 53 3.5 4 6.4
Maximum deceleration(km/h/s) -5.3 -5.6 -3.5 -4 -8.6
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Tudszinalng wdsnunduiiuieteuuazldlsylonindnaesipinsdunaasy

a

PansnAILANNaE Il dunnsgulunmaseunaieainsndnse e Tuilaqiiunsy

AvuANNARElEIn4Ans ECE-15 Tunimsgiunimaasy Inetvudazdalaifinnsdnainadpdng

% o g v o

dunpaeudinivsndnsanuaumiiuninanis wifiyuuesdndpgang TMDC  Aulazli

o o o o

[ o tﬂltsl v a -QII 1 o o
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1%

Inanfnusid 16aenldinans ECE-15 iluiugiulunisdnassssuuduinaen Inaasld
N S Joy o e
ABAUNINYNNDITEIANTIOULAINTNANT TMDC lallunnedau vellfidanluilaqiudald

annsovndayaminniiasianaiuedinans TMDC la
45  NAENENITULNAIEWAINTY
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Parameter
1, 0.01
C, 0.75
A 0.6m°
nwhgwh + Im(2}2 ~5% of m
r r
m 160 kg
r 021 m
G 1-2
k, 1.5
k, 0.1
k, 10°
Const losses 20W
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TARGET Gear ratio
max speed 70 km/h 1.77
Climb (8 deg w/ 90 kg load) at 40 km/h 1.94
5 second to reach 30 km/h 1.79
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TARGET Simulation
max speed 70 km/h 66.1 km/h
Climb (8 deg w/ 90 kg load) 40 km/h 36.9 km/h
Time to reach 30 km/h 5 second 4.9 second
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Parameter
Maximum Voltage per cell 27V
Capacitance per cell 1500 Farad
Number of cell 14
Internal Series Resistance per cell 0.63 mQ
Limited Minimum Voltage per cell 0.5 x Maximum Voltage per cell

AN9199 4-8 ANAALLITRINTANUICULLLIA BT

Parameter
Voltage per cell 2.15 V at SOC=100%
Capacity 20 Ah atrate 10 h
Number of pack of battery 3
Maximum current 2-5 Capacity
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SOC = 50C, - | %dz (5-3)
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F19797 -1 AnmouzianizaesgLnsninsmadaussdulnia NI 9221

NI 9221

Specifications

Number of channels

8 analog input channels

ADC resolution 12 bits
Sample rate 800 kS/s
Input range +60 V
Overvoltage protection +100V

Measurement Conditions

Calibrated typ (25 °C, 5 °C)

Gain Error £0.04% ,Offset Error £0.07%

Calibrated max (—40 to 70 °C)

Gain Error £0.25% ,Offset Error £0.25%

Uncalibrated typ (25 °C, £5 °C)

Gain Error £026% ,Offset Error +0.43%

Uncalibrated max (40 to 70 °C)

Gain Error £0.67% ,Offset Error £1.06%

177

Stability
Gain drift +34 ppm/°C
Offset drift +580 pv/°C
Input bandwidth (-3 dB) 950 kHz min

Input impedance

Resistance 1MQ
Capacitance 5 pF
Settling time 1.25 s

"Lum’qummmﬁmﬁﬁﬂizLLmTWWﬂﬁuié’ﬁm%@@ﬂﬂitﬁmqﬁmmmmivdﬁw (Current
sensor) ﬁqgﬂ‘ﬁ 4-3 [50,51] L*ﬁl@LLﬂmmmmmiWWﬂﬂLﬂuﬁmtyﬁmmﬁuivxlﬁﬁz%ﬁm*uma‘
futuiinAnseld aunsninsaadanszudiniinildludneaiinugiidssneudas 1) gunsal
navadanszualiindi ACS754xCB-050 a1n Allegro Microsystem, Inc 2) ginsnimsadn
ﬂﬁ‘ZLLZﬁV\lW’lﬁju ACS754SCB-200 a1n Allegro. Microsystem, . Inc k@< 3) NI 9205 Q1N

National Instruments
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Pin 1: VCC Tarminal 4: 1P+
Fin 2: GND Terminal 5: 1P-
Pin 3: VOUT

7171 +-3 gnsningaadanszualniagu ACS754xCB-050 uay ACS754SCB-200 AN

Allegro Microsystem

qunninsaadngi ACS754xCB-050 lddnmnszualninnaananiaasiiainas
a o ¢=4I rd@l = o Il o 1 & o 1
We1elmaen9Tadl +/-50 wantylf Faneawe luAunieasanane uavailnsalngadngu
ACS7545CB-200 Mdadnszualninainuuasnasauniagivaznszualiingniaes
STUL INGEHT9N1390% +/- 200 LaN wil$ BUNLNNE AN VLA WIUNAINA19 L T1AY A19797
3-2 [50,51] Lmma"ﬂmuzL@wqmm@qﬂnmimmﬁmmzLLMWﬁﬁﬁju ACS754xCB-050 Uay
ACS754SCB-200 #aNansand1d ANk eane g m5uni1stinsnn Mea1ulunnsngaadn
1 1 [ [ tﬂl :// s s o A | v
NMINANENANIBIaNs s ULILIAREY wananBuensninsadadnludfsu NI 9205 lagn
ﬁﬁmﬁmmiﬂﬁmwimw@ﬂﬂmi (Chassis) 48 NI cDAQ-9172 WuLAEa A LN199A
wrasulnAndeglin 92 iadudyaauainansainsadanszualWinisaasunfuiuin
dngraniiawes gunsningaadndnluifgn NI 9205 HANHILIAN1TAIANTINT -3 [52] T4

NATUNIIT AN BLHUE NN AN FMTUN199INN T E 9l UN T AT AN TLLIN A WA

97U LTULARDUT R

F119°9% 9-2 AnwuziennzaesginaningmadanszualWingu ACS754xCB-050 uay

ACS7545CB-200

ACS754xCB-050 / ACS754SCB-200
Characteristic Test Conditions Min Typ Max Units
Primary Sensed Current - -50/-200 - 50/ 200 A
Supply Voltage - 4.5 5 55 \
Supply Current Ve = 5.0V, output open 6.5 8 10 mA
Output Resistance lour = 1.2 MA - 1 2 Q
Output Capacitance Load VOUT to GND - - 10 nF
Output Resistive Load VOUT to GND 4.7 - - kQ
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FIN9797 -2 sla Anwnszianizaesginsningmadanszua Wi ACS754xCB-050 uaz

ACS754SCB-200

ACS754xCB-050 / ACS754SCB-200
Characteristic Test Conditions Min Typ Max Units
Primary Conductor
IP = +100/+50A; TA = 25°C - 100 pld
Resistance
PERFORMANCE CHARACTERISTICS, -20°C to +85°C, VCC =5V
Propagation time IP=1450/%100 A, TA = 25°C - 4 us
Response time IP=+50/%100 A, TA = 25°C - 12/ 11 us
Rise time IP=+50/+100 A, TA = 25°C - 11/10 us
Frequency Bandwidth -3dB, T =25°C 35 kHz
Over full range of IP, TA =
BASHIS 40.0/10.0 42.0/10.5 mV/A
Sensitivity 25°C
Peak-to-peak, TA = 25°C,
- 65/35 mvV
Noise no external filter
Nonlinearity Over full range of IP 15/0.8 %
Symmetry Over full range of IP 98 100 102 %
Zero Current Output
I=0A,T,=25°C - VCC/2 \
Voltage
Electrical Offset Voltage I=0AT,=25C -10 - 10 mv
Magnetic Offset Error | =0 A, after excursion of 100 A +0.1/+0.15 +0.3/+0.5 A
Total Output Error Over full range of IP, T, = 25°C i +1.0 +5.0 %

F19797 -3 Anmouzianizaesgnsningadaussiulnila NI 9205

NI 9221

Specifications

Number of channels

32 single-ended or
16 differential analog input channels,
1 digital input channel,

1 digital output channel

ADC resolution 16 bits

Sample rate 250 kS/s

Input range +10V, 5V, 1V, +0.2V
Overvoltage protection 30V

Input bias current +100 pA
Absolute Accuracy at Full Scale (+ 10) 6,230 pVv
Random Noise (+ 10) 240 yVrms

Sensitivity (+ 10)

96.0 pV
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FI19797 9-3 sla Anwnzianizaesglnaningadaussduluia NI 9205

NI 9221 Specifications

Analog bandwidth 370 kHz min

Input impedance

>10 GQ in parallel

Powered on
with 100 pF
Powered off/overload 4.7 kQ min
Settling time
+120 ppm of full-scale step(+8
4 us
LSB)
+30 ppm of full-scale step (£2
8 us

LSB)

salsunss LabVIEW lagniwmmnaiuinenasiiisusiauaziiuindtyayinannsyuy
;393 na R TUAAEN ARG §UN 9-4 uanInTinA19llsunsN LabVIEW NgnWe T @
anunsnuansuaziiviunnmnszualinuazussdulnianiniaanlusumiale luge

NARDLITULTULARDL

o
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