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Abstract

The objective of this research was to study criterion for energy management
system design in hybrid vehicle by consider significant variables such as higher state
of charge {Hso), lower state of charge (L) of battéry and switch on point, switch off
point of internal combustion engine, We varied the variables then making relativity
graph with fuel expand rate (km/L) for Higher state of charge (Hy) and Lower state
of charge (Ls,) varying and making relativity eraph with energy usage rate (W/m)
generated by internal combustion engine for switch on point and switch off point
varying and use these data to decide optimum variables and define the criterion
design for use in energy management system, We assigned the lower state of charge
equal initial state of charge was varied at 5% to 50% and the higher state of charge
was varied at 50% to 100% and we assigned the switch on point was varied at 6 kW
to 15 kW and the switch off point was varied at 3 kW to 11 kW.

The result of higher state of charge and lower state of charge varying, for the
higher state of charge we found the higher state of charge changing not significant to
fuel expand rate because the car displace not enough for battery charging to higher
state of charge level and for the lower state of charge we found the optimum are
12% to 17%, 24% to 30%, 31% to 40% and more than 46% at fuel expand rate 52.66
km/L, for the switch on point and switch off point varying we found when increase
switch on point will be increase the energy usage efficiency because the internal
combustion engine start run at high power, for the switch off point we found the
optimurn are more than 6 kW, based on these the switch on point decide by
considered the maximum power generate by electric motor according with high
power intemal combustion engine start run, for the switch off point should decide
more than 6 kW and consider the width of these should be not too wide because it

will be run the internal combustion engine at low power that is not efficiency run



and these should be too narrow because the on/off of the internal combustion

engine will be not stable.
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2.4 TUsunsu MATLAB
MATLAB un1winaufinnaitugs (High-level Language) dm3un1sAiuaninis
P | s o a e e v ° | 2
wailafiuszneumsnismuinideiaiay nsfinfidudou uazmsdiasswuuiielineuiuy
nunanladssuaztaaudotas MATLAB gaunain matrix laboratory 1@nlusunsst MATLAB
[ a4 4 ° . o o .  er =
Tendesuvuialilunisiiuinma matrix w3atlu matrix software ARsL19Inlassn1site
LINKPACK wag EISPACK
[Ty W [ g v et o
MATLAB Téwanmunsansudilgmidanaiovas 9 léidussesiamansaia
Tilusunsy MATLAB iflsnduaneg Tiidaalduinuie Tuuraminetdulalalusunsy
[ Qs -Jl’ & = L) = L3
MATLAB Lﬂuwanqmwugﬂﬂumiﬁ'nmmamumummam IAINTTU UAZINEIFAARILTUN
1 2 ‘d o = s
i3 9 masnsuludugeamnssuldldlusunsy MATLAB Whiadasdladmiuldlunuide
WL Lazinsiei
1 y EJ o 1
TUsunsu MATLAB 9sdlndeuadasiiedlglunisnidinauiisndt Toolbox lae
TUsunsy MATLAB 9xil toolbox Tuusiasane 19 nsuszananadygn (Signal processing
toolbox) n13Uszanananin (image processing toolbox) szUUAIUAY (control system
t a4 A .
toolbox} lassteyszan (neurat networks toolbox) He@iaadn (fuzzy logic toolbox) VIn-
\awn (wavelet toolbox) insAn@Aadeda1s (communication toolbox) @6 # (statistics
] ' g  a s o d Y
toolbox) uaza1118y 9§ unuie nelu toolbox unazansiNInguRee Aneveiy
nsuitgwiluaruniu 4 TidenUszendldamadudwaunng

2.3.1 Simulink
Sirnulink [Wugariwsivinauaguu Mattab Tdlumsitaewuumendnaaninag

sUnw advayueTedioaianuudiass nsidsunuy uanrdediadmiviessideya
aunsiiuuaesssunwldedasimiuiieuaasiim saanuuuiuaAnyaIsE U
ghuarmmondisudntes tufe simutink fastorugliiumegunin w3e GUI (Graphic
User Interface) Tunsaddlnezinsnnasiuudiass uananiiu Simutink yussnaudie
'Lausﬁuﬁ'anﬁugwuuax*ﬂsuqaLm’nsawﬁm WssuuBadu (Linear Systern) ssuulshadu
(Nonlinear System) suuatraLiies (Continuous-time) svuUTinauuULENTs (Sample
time) svuulavin (Hybrid Simulink) atfuayunsasuuiasmnsimesliuusiisids
HOULUUTEUVAE ﬁﬂ.ﬁwWLﬁUﬂjiLﬂﬁauLtﬂaaﬁLﬁmﬁuiﬁﬁuﬁ Jogls Alwu edndls du
WU ReTEULTRUTT gavieg Simulink ansnsaideudadeyaiu Matlab dlagnss vinliis,

annIntdeunafvdevdusuazasawisaeuanlea

2.3.2 01314 Simulink Aukuudiasmeadinadanivassneuilauin
Az e lald Simutink Saudunilsvashlsunsuussgns MATLAB Tunisdhaes
nanswWasuUasimsifimedang q vassosudlaudandithnaniivaasniasevivaii
wnmieasilafidmananisldndsnuvassosuileusadaismavaass uasnsinieiay
tuaveluundaly
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U 3
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mMsAnwuUTRemasmMhruresuuiassd i e snudleuiauiomynil

THdunasilunsidenldndsmuardwianislindsnuressosud duoyauazoazidon

vawvunassosudlauiafigninnlluumanesdidil

3,1.1 ANYASYBILUUIINGY

wuusiaessasudlausainiiueiin series-parallel Tu Toyota Prius fiunamaseudss
whinlfurvemesivi wasiadsseusiduaunisly (CE) TneiliagUsyasdiNoriussansam
tunstuniou tavamaiviiiatu Inosudoivemeaasiviilliaiwafveas i
gaiiniann uasdediveuniesudduanneluitivseavsniwgs wazadaaiivioed
AN

Tuszuuln# (Electrical Subsystem) Useneaunag 4 dau laun uewmadiiita lau
WBLSNes Ll.UtﬂLma% way DC/DC converter
1) wawmaslwh 500 Vdc, 50 kW, 8 pole AYMISIegR 6000 rpm
2) \auuBLIWeS 500 Vdc, 2 pole, 30 kKW
3) wumme3 Nickel-Metal-Hydride 6.5 Ah, 200 Vdc, 21 kw
4) DC/DC converter (boost type) dmivusunszualiiiaudusinlununined
(200 V) 1é DC bus ietlouliiitu AC motor firmsiu 500 V.

L3 al 1 o o) o L o4 A 1 1
Planetary Gear Subsystem ﬁaqﬂn‘smﬁwwmmm A8 LasasyiuAdIIUNS
=] E I3 N 2 ] -4
VNN IMATEIBUR UBLABS LIUELINDS Laednassuas yILLs iRl

Engine

OO00

Sun gear
{generator)

Ring gear
(motor/pov/er shaft)

Planetary carrier
{engine}

Flanetary gear

- =
JUil 3.1 Planetary Gear Mdlussuusnoudlavin
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gunsnifldlunisudinasie Planetary gear wandlugy 3.1 inavsjuved Planetary
. d 1w ~ 5 ' o o ¢ Vo o or ;
carrier fregaulunalmitesilifoudslnonsaiuindeud wavdsidimmyulugs Ring gear
d ru d yw ' .. .
#egdmueniay Sun gear fiogdululagiumia Pinion gears AZIHAMYUYBY Ring gear
Wensnlnensatuuawmai idiuazdeiatludidesn vuziwaivyuves Sun gear Wours
Tnemsafuiauueismes

= 7 u vE o & a v e e <
wsasusidumunmelulduniududemnds indsgegn 57 kw 7 6000 rpm N1s
widsufuiss Tifudsszndng 0 fe 1 lashifinalagnstenisavauauivesss
) cal o 1 3 ' v 3w
wsessusnidasslifinsanmaeniviisswinienniafiuiniu

szvunamanigusus (Vehicle Dynamics subsystem) d1aatdauvsanarians
VAMUATDIINEUA

spuuTanInda (Enerey Management Subsystern, EMS) fia ssuufifimindilu
nslvidn I neednisieudmiunisviinureaeiaed Wi i uannwuesines
waziAdassuiduanoly 9nALdaInsHE LTSt oudFans inouseneE L VES
wdu IngFmnuanndiuviswa s SelsiAsening -100% uaz 100% TeaaAianaus]
AMURLIBTINIIUTNTE

° U 1 o |
Battery management system N1MUUIHIANIINU State-Of-Charge (SOC) 581114
"u a Lo i ar - o o) GJ el
40% 4 80% wanvinliduimitidesiuarvauldimnlagaruaunidaniseanisen
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3.1.2 Scope* lunuudasy

scope Tuasuundniiitesn Car uaawhumiswesiuise aruwesn nese way
AR

scope lu Electrical Subsystem #iiided1 PMSM Motor Drive uanes@admiums
iuuewanes teun stator currents rotor speed uar motor torque (electromagnetic

and reference).
scope 1 Electrical Subsystem #iidad1 PMSM Generator Drive Wanenadmiv

Asiudlaulueees  leun stator currents rotor speed HWar motor torque
(electromagnetic and reference).

scope Tu the Flectricat Subsystem/Electrical measurements AR
{DC/DC converter, DC bus wa¥ battery), nssua (motor, generator wag battery) wag SOC

=
VAL UMLHDT
scope Tu Energy Management Subsystem/Power Management System uamd
o ndsmdsdmsuldivdnvsigunaailvi

winewe: * Scope fio block TulUsiiay Matlab TodmSuuaninansnausuad
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gﬂﬁ 3.2 uaneiettnan1snauaLDITes scope luuuusaassnausilousa Ausn
fia scope TRIMANIIRBVANDIANITMBLALBY TEUA Drive power, ICE power uaniiiy
reference uaz mesured Ingidudivasuiuves referrence wazduthinaluass mesured
wnudssimieiuing uasunuusuRetrsanstud dmiunsmianuendy generator
power WdudInMAns uay battery power i§udiing Adnauninsfuuninedmariauses
wasnsMganeiiuves Hybrid on/off A1 1 wansiiadanisvineiussuulauin uas 0
wneddansinusyuulauia msdiasvuulaviafenisldunamdnuiuiedeusasud
wnndmiunas unamdsnuildfess ‘l‘sﬁ"n'l,ﬁﬁa’rsm’mnniflwwamsmauauawm ICE
power, generator power wae battery power mmwmwamnumwu ﬂu‘luuamﬂmﬂnu
nIMRANTIRBUABS wiimhavasulasa 9 i..,uaaﬂ,uu,ma.ﬁ“uwawaqaﬂn‘smmwﬂwm
usi 9
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3.1.3 @15AN1INNIUVDILVUINGDY

AsARAN I IUTRUUS e siandlidiunsuumsuananafuluszuusasud
levsanasnn1s9ud Toun n1sise n13snwiAInnss nsrfauunmeivasids uasn1siusn
diosufumsiaureuusiaes saldnalunsieulizina 1 i sswudsneunty
PABUAIINAIGT 0 km/h uazyineudald 73 km/h 14 it uazannuAIIa
wie 61 kn/h 7 16 3dl nafildtiAnannismBouduis 70% Wuan 4 Sunitlumeu
Sudf LazaniuwmBeufings 10% Wum 4 3uni andumdsuiuiss 85% 3n 5 Sundl
uEaSuuTn -70% Susoven Aliiatunaennisdansmatusaousiiisel

| a < 5 - w I~ - w = o
e o = 0 Judl, snewivenils Audusoundsuduiseauia 70% naepssoam
ANHABINNSANAITIRIINIT 12 kW sasusivzduinaeulaslduamasiiiuvindu
= = o e o 5 | )
® fan = 1.4 Jud Ararisosundaanisuinniy 12 kw szuulavsasuvinau Tunsal
o w s = I v e
UidwessasunuineInssuduasuames i Insuaima sl landsuunan
= P v e o ¢
nupe3 sasiiuunmeilimdnananamueises’ Tu planetary gear in3osoud
e [ . = [T [l
LgauADNU carrier gear ey generator LHaUsaNy sun gear tl.axu'é]ma‘ﬂﬂﬁ'l Lards
o w ar . o ar a 1 or .
A1aaluds ring gear Ardevadaiessudgnuualugy sun gear uay ring gear
AszUuNTUAL YU aa A1 29015134
= = as 1 L. E 1 @ ar
o fvian = 4 3wdl Aulssgnanasuunas 10% (cruising mode) asassusvslianfiids
ar W i a @ o = o .
uiviule s EasuL U DAY TUNE I URLIINRULLBLSIADS 3NN IAMI LN
2
PINATOSHUAN
d E=d = o a L) -:l' L =3 :ul
®  Hnal = 4.4 JuW uwesweivgainu wdsulihidenistananuuames
Wegaeae
= a - e ' =i = = fea W o =t & A vo w
® {151 = 8 IUMN AULIIGRLRBBUYI 85% Lﬂ‘saeﬂum‘sumummuaﬂﬂ‘iama‘lwmamqa
an 9 Mdsludiuvesiwihimuabiannsanouauniniurainswasuuadsoaud
v o & & i o v v v o
19 s ndua it Ta0 U aX AU UBLILADI ABIVINIUNS BUH 4T measured
drive torque 9zlilwviriu reference torque
IJ — 1 r 2 o 7]
® #i7a1 = 8.7 U measured torque LYY reference torque walseaslviag
Igigean B
= o { & ' = - W
® {iLIan = 10 Fudi SOC TavuumABIandINdI 40% (Wumnediluseqiduny 41.53%)
w 5 P o e ¢ I o U8 v =
FINULUAABISUMINITT152 Luutasassuisndlditunummaiuaziowas
k74 T o @f -4' 1 -:‘ =F d LY o
annsadannlanfmasewunwadiatuau FmuneiummeInaasunidanin
-3 EJ [:] @t 1
LULLBLSMDS HALYINNISTI9T VML ATOUUANIALTS
P | - <t &3 i A e s i o w i
® Al = 13 3uIW I08uAliAMULIY -70% WEBliNTUTN ulUBLsRD SNgAdarE i
P Y [ ¢ ar e o as ]
ualmas wargniualvdasaoud wawunagnuldswidundsnulvd wivlily
dl o 7] -2 1 1 =‘i‘ o 1 s 1 L] C‘
WURALABS A1YSUATLALATIT ATHRBINIINBIAYNAL -250 Nm UARUIILUAWMES
annsonaduldifies 21 kw veandsuriavunminuu

= a = s a
® WAt = 13.5 3Um LIULUBLILADIVERTINU
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U7 3.4 wamanuusaassnaudlanie Fassnausne 5 ssuudeldun ssuu
dnn1sna a1y (Energy management subsystem) 5z U U lH W1 (Electrical
subsystem) sruuidpsudduntUn ety (Intemal combustion subsystem} sEuUU
#3983 (Planetary gear subsystem) lagszuunamanianugua (Vehicle dynamics
subsystern) dmiussuuassssuddunmmelusmussneSsssuimdenld svuu
i ﬁadawaaqﬂnm"lﬂﬁmzmum S3UUAITIAY Rediunalnues Planetary gear
sTuunafIanseusuG Aednfiieaiunamaniousudnmun Jaldsmualid
ssuuiina aniiureunvainmaass wasdmiusTUUEAMITHENY TV
wusiliinadatssananmmsiiivudemduasminasilumsesnuuusaly
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3.2 INLUUNITNARDA

321 fuussaudsiiiestoasmizeild

nnnsAnsLULUTasssaeudleuda wuiszuuitmddyseUssansamnis

i amasvssuuusassfassuudantsnda (Enerey management subsystem)

fatudsldfasandudsiteglussuuil wasinmsmasssuudsudutsideguanis

RevduY ioTuTsusidwassussangnmmslfidemas wazvinisvaasadie

winwluniely dmiusruudan1sndeu (Energy management subsystem) 3

wlsiReatosei

1. Accell (Accelerator) fiunifuisgnivuadaga’ 0 89 1 uazfnaunagiiingg
wsn Wy Input va9szuuTanisndasiu (Energy management subsystem)
rimunlaogdu (Driver) 1Wusmuusliuie

2. Wice (Internal combustion engine Speed) A7131§759Uva9LA3 BIBUA T
\Ou rad/s Ju Input 283 UUTANTTNGY (Enerey management subsystern)
Wice Wudanusfdmualasmaiosinaimnii5eu (Speed sensor) fideiu
insstudlnovzdtayaninniisauiniessusdt Wice ludsssuudanswdasy
(Energy management subsystem) isuUﬁ‘fﬂmmé’qqnuw‘l‘&"ﬁ'm&aﬁﬁmuﬂm‘s
vivugesgUnsalsing 4 vy sawasiiih uaziuuesee’ suaeiosudiias
ilatTesuiinumusdadinan 13asinaiunsa (Speed sensor) fuzded
Wice Arlwsilugsszuudanisnaanu (Enerey management subsystemn) t8u
NITUIUMTILATS

3. Ween (Generator Speed) Anuiiasaviauiuasiasd fivheodu rad/s Wu Input
38335 UUTNNNINEN Y (Energy management subsystern) Ween (Huiuysi
fmualaoAiasinAIgseu (Speed sensor) Midatulanueinaes uanainay
W Input YDITEUVIRNIIHAIINY (Energy management subsystern) wae Ween
oy Input voeszuUlnil (Electrical subsystem) fe uazldinssuaunsIug
[WuLAe iy Wice

4. Wimot (Motor Speed) Aratiisaualaes iy rad/s W Input ¥e3ssuy
In19WA 49U (Energy management subsystern) wagssuuld#a (Electrical
subsystern) Wimot ushuvsiininuslneaissinaanuniaseu (Speed sensor)
fideruneimes Hhufudsiinrusuguiy

5. Batt (Battery Voltage) rrmdununine3 Smhedu volt Wiy Input vasssuuin
N13ME3 (Fnergy management subsystem) fvualasaausuuummes ol
VoI

6. Car speed m1udrsonud Snvaedu knmvh Car speed uAivszuInmen
TEUUNAANARSEIUBUA (Vehicle Dynamics subsystem)
Initial state of charge dmuzuuvasyseiluuummeiimoduasidu

8. Engine power Ardnasassud (Junanismeuausivessruuiniaseudduay
selu (nternal combustion Engine subsystem) iivheiihuing
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9. Battery power f183uuUnaa3 WUNENITHOUANBIVEITEUVTANITHAIY
(Energy management subsystem) fadawumineiiadaauldnsdivinisviie
Uszglagiemdannouusiswes Tmhaluing

10. Generator power maaautualsaa’ Wunan1IRBUAUBITBISTUUTANTIWAINITY
(Energy management subsystem) ivoduing

11. Hybrid on/off aauznisila-Unnsviauwesssuuleusa Wunanisnevausa
V4IEUUIANIINAUL (Energy management subsystern) A1 0 nunufisla
waz 1 winetiade
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o ar = °
3.2.2 AuanawUsfasyinnsAnen
L) o o 4 ] = o Cilﬂi 1 = 5 :; o
FvsumuUsiagyinntsAnen aeResanfmulTtikasiauseansnmns idindu
& o ] @ | ¥ & o wr = L o
walnde wazitumuusiamisoeanwuuls Wevinnisusulldsunnazasnansm
as ar £ o =Y +r g L2 ¥ = = A
AuFuRus TuusEansnannisidunTudamawasfinnsu v unueiflelunis
s [ o YT = | 1 o vy ow -] a
fuuaairald dmsusindsinuinduasedseans nnnisldinduidowmas was
awnsnesnuuuls laun
| 5 o ) =
1. Lsoc (Lower state of charge) ArdnuzstusiUszglunumanss Wududsi
Awualilussuudaniswdniu (Energy managerment subsystem) langinan
(=3 = ﬂl 1 [ T 4 A =, ) o 4
Yinnadsegranaaluiunines A1 Lsoc Wuan 99719818 msuIn194159
o A <l e v 5 a ¥ ot o 1
woameiiavseqluuummaisiiniiea NS UALEITINUNMD TSV LABNTITUUY
o w a1 = A e = = Y oo e e e
MBI LLLaIIme SaundeiIn1TY S s d unilaslaEsuiaiu
¢ 4. L2 ‘J . II: =] 1
A3 898 UALaZUDIRDSIADTULAGDUTNDUA FUNIT8DNUUY Lsoc NARD
Yszansnarnaslduiiudeawmas druanuduwusdeUsyansamnisldiinby
& P 4 ° P v
Walndsuasyinmsnaaaafienwiliusely
2. Hsoc (Higher state of charge) Araniuzgevatdszqluuunne’ Wuduwdsi
Amualiluszuudanisndssiu (Energy management subsystem) lnafiuung
ar or =, I A ww A « =
fu Lsoc dw5u Hsoc Wuaialdansdinsnganissrianumnaa’s Wadssqly
o e . Y] P o o g Yo w b
wuaLeinsTsanInndIAIduEY MsMERNSTISILUAAB TSV TR IaNLN
£ L7 ld LT3 ﬂ’:’ = =i t
nualsmesgnldlunisiuirdousasud Aniuniseaniuy Hsoc Jeiiuane
UsEandnunstodniuiiamga
. k W oA - @ T ! & ol ' d, w & o W
3. Switch on point Ara198INEIUANTHINRRNATERNA dnuduing Wi
A [-] oF ar o
widsidwunliluszuudanisndsiu (Energy management subsystern) Switch
- ' v W Y o a o = ¢ { o s )
on point WuAdlddmiuiednisitantsinnuysaaionud diamamdosld
Tunsdundeusauus (Drive toque) #1an31818 lae131Uan13v191UY09
= I'd XY a ° = & |
iwdasourmvgivuemeslvi wiallinnrsviniurennioswuduusiueimne’
Trdlifinsvinauile Wessnunindewawgnlgluniaeud dsiumsesnuuy
1w = o 3 -=I L3 . . = ) <
AN81989n511AN159UBLATBI8UA (Switch on point) iRadaUszAnsA W
v¥ o X oo od e ; v
nsltudewnas Fsesvihmsvaasuiiomuinliunaly
4. Switch off point AM81BNsUANIYUTBRASBnus dudisluiad Wuaa
wushnuualilussuudrnisnassu (Fnergy management subsystem) Waz
Amualigiu Switch on point @m3UAN Switch off point 9ziMuANITUANTS
° - { o o o ¢ 2 . ° Vo
RruvedAiossuaiiondansnoundiainis (Drive toque) AnAil way
Switch off point axilA1lasn37 Switch on point (@318 N13UANTSYN9IUYBY
d & -] e 4 2] r.'i & @t = ] =]
wWisssuiasynlvmasildlunisiuedsusosumnanndsnu i istetnadien
=] L7 A } 1] 1 1 =%
u,avumanuﬂssaﬂuu.umLmaﬁ'ea::mNamaamuzmsm%muazﬁwamaﬂssaﬂﬁmw
mslauniudends
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323 AVLONMAINITAITAUINANTINAGDY

AMTULNUNNTIABITUIHANTIVAASY ﬁqﬁlﬁnﬁnué’ﬁwsﬁmimﬁmﬂiﬁ
dquam'aﬂ-sxam%mwmﬂij’wé’mummzﬁquﬁmmnﬁﬂﬁuﬁamﬁq dmsuns
wmaaq%u,'u'qm‘mmaamamﬂuamﬁmﬁa Asnaaedludau Lsoc (lower state of
charge) was Hsoc (higher state of charge) waznisnaasdludliu Switch on
point wag Switch off point é"m%'umimaaﬂudmmnwﬁwumnmv’mﬁ
ﬁmsm'ﬂﬂuﬁwmsﬂ%’ULU%ﬂuﬂ"]ci'hmJiuasa%’qansﬂﬂmma’uﬁuﬁ‘ﬁué’m'i"nmi'l‘ii’
Srndowmadlumine flawnsdedns Iﬂaﬁ'm'rsﬁuﬁmsmﬁwé’waam'%'mauﬁ
aanmtﬂuﬂ%mmﬁﬂﬂuﬁlﬁﬁwnﬂum's‘il’u?ﬂuuuuﬁwaaa gasvin19duiinIm
Asilssasun (Car speed) 1&svaeynafisonudvinld warnusaihmsuFui
wsilaleglumiae Alammsiedng Tudrureen1inAaad Switch on point WAz
Switch off point ﬁwﬁqmiﬂ%’uL‘\J?muﬁ’mﬂiLﬁaﬂ%’ﬂqns"mmmﬁuﬁuﬁ’ﬁ’ué’m'ﬂm‘i
W ssulumionss Jadneiuns L"v"ia'l,ﬁLﬁmJ%n’umwﬁaa'\umﬂumﬁuLﬂ?mu
inﬂuw‘ﬁiassﬂsmwﬁamm ﬁm%’mzﬂsmqm"léﬂmﬂnssmumsmuﬁlﬁné'\'ﬂﬂu
NATNRADIEIULN LLar,e'i'm%'uwé’muﬁQn‘l%’maam::uzL’Ja'm'ﬁ‘i"fum?iauwﬁﬂnﬁ

Sunsnann Engine power
qmﬁm%’umfiﬁé’mi"lnqﬁlﬁﬁﬂﬁuﬁ’m‘%'umsmaaq Lsoc Wag Hsoc

Engine _ power _(J/s) s Time (16_5s) . litre kilomelre
Distance _(m) Heating _value (34525 _ kJ/L)y  kilomefre litre

qméw%’umﬁwé’msﬂﬂ'ﬁlﬁwé’muﬁm%’umiwmaaq Switch on point U@y Switch
off point

Engine _ power _(w) . watf
Distance _(m} melre
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3.3 mMIlRTEiRanTIsinass

dmSumsiianzinanisanes axfinsanidaineieseudidudifn waziuyu
ﬁ;ﬂﬁuqqniﬂﬁunu'lwﬁ'}mn FadudmunImAaes He, uag L, avResanmuduiudiu
Sarnsldiuiy Rlawmsdedns) uazmsvaass Switch on point Waz Switch off point 9
Rorsananuduiudiudasnslindaan Gadsawns) Tnossyinsmaasslasyfudeu
Afndsiiteas1ans A LIS wardirsizvinansnaaesanniitemyavieses
ﬁwﬁﬁmmmmzauﬁqﬂ dwmsuihllglunsesnuuussuudanisndanu wu dmsuen Hy,
Mag Lo AlSasmsliinuiuge iurfmnzauiivshluld wase Switch on point uag
Switch off point AlWsRTIN1sIdWEF e Durfvurzaudevdtluld Dudu feiles
fvrsondouluddady UsznaumsasuranIvRasdse
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UNi 4
NANTINAADILAZIATIET

Pinmaaassrurnsarmsiiiudewde wavdnsnisiindauveuusiasasnoud
Tau3a @elusunsy Matlab wazadrenisnsraudumudiolusunsy Microsoft Excel iavnuaduiy
matuanusuna@an anuziuesUszglununmed (Lower state of charge) anurgeuasyseqly
wumna3 (Higher state of charge) tas MBI slantsyauveaadeasud (Switch on point) A1
$raBamslanisyiaueeaniassud (Switch off point) daiudriidesiorsaimualunisesnuuy
FHUVIRNITNEI97U (Fnergy Management Subsystem, EMS) dwmiusavudlauia

4.1 Higher State of Charge, Lower State of Charge TOWUALNDS

MISENTINTT LU BT DINES (km/Litre)

Lsoc\Hsoc 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

5% 520121 | 527121 | 52.7121 | 52,7121 | 52.7121 | 52.7121 | 52.7121 | 52.7121 | 52.7121 | 52.7121
6% 515154 | 51.5154 | 51,5154 | 51,5154 | 515154 | 51.5154 | 51.5154 | 51,5154 | 51.5154 | 51.5154
7% 527121 | 527121 | 52.7121 | 52.7121 | 52.7121 | 52.7121 | 52.7121 § 52,7121 | 52,7121 | 52,7121
8% 51.5154 [ 51.5154 | 51.5154 | 51,5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154
9% 51.5154 | 51,5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154

10% 51.5154 | 51.5154 | 51.5154 | 51.5154 { 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154

11% 51.5154 | 51.5154 | 515154 | 515154 | 51.5154 | 51.5154 | 51.5154 } 51.5154 | 51.5154 | 51.5154

12% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568

13% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568

14% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52,6568 | 52.6568 | 52.6568

15% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568

16% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568

17% 52,6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568

18% 51.5154 | 51,5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154

19% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568

20% 51.5154 | 515154 | 51.5154 ) 515154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154

21% 51.5154 | 515154 | 51.5154 | 51.5154 )} 515154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154

22% 515154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51,5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154
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2t v :’ w a . ¥
M1579M5INS TG aIWae (km/Litre) (#0)

Lsoc\Hsoc | 55% 60% 65% 70% 75% 80% 85% 90% 95% | 100%
23% 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51,5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154
24% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
25% 526568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
26% 526568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
27% 52.6568 | 52,6568 | 52.6568 | 52,6568 | 526568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
28% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
29% 52,6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
30% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
31% 51.5154 | 51.5154 | 51.515¢ | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154
32% 526568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
33% 515154 | 51,5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 515154 | 51.5154 | 51.5154 | 51.5154
3% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
35% 52,6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
36% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 { 52.6568 | 52.6568 | 52.6568 | 52.6568
37% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
38% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.656B | 52.6568
39% 52,6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
40% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
41% 51,5154 | 51,5150 | 51,5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154
42% 51.5154 | 51.515¢ | 51.5i54 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154
43% 51.5154 | 51.5154 | 51,5154 | 51,5154 | 51.5154 | 51.5154 | 51.5154 { 51.5154 | 51.5154 | 51.5154
44% 51.5154 | 51.5154 | 51.5154 | 51.5154 [ 51,5154 [ 51.5154 | 51.5154 | 51.5154 | 51.5154 | 51.5154
45% 515154 | 51.5154 | 51.5154 | 51.5154 | 515154 | 51.5154 | 51.5154 | 515154 { 51.5154 | 51.5154
46% 526568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
47% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
8% 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
49% 526568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568
50% 52,6568 | 22-6568 | 526568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568 | 52.6568

o s L7 ‘o’ s .&' =]
MINA 4.1 msusnnslduiudowmas
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53
528
52,6
52.4
522

52
518
51.6
514
51.2

51
50.8

(NU/ans)
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YUIULTDLNER

13
rtvn

aRIINIg

a

nN5MoAIINNTIYUTY

55%

6056 ©5% 70% 75% 80% 85% 90% 95%

anusgevaalseqlununns’ (Hsoc)

100%

Lsoc

—_—%
—_—
— 15%
20%
— 255
— 305
aa—35%
— 0%
—— 5%
— 0%

= ) ATy a = '
N 4.1 N3aRTINTIIUNIRATIINEIN Higher state of Change M 9
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drwiuntsveaadludiunisuiuao amuzﬁwmﬂwq‘luuumma‘é {Leoc ) lommualviaauey
Bufuvasuszaluuuane (. ) w3e Initial State of Charge fiiuaniuzdwasyylutunines
(Leoc ) ielimsmaaasiinsidsuntassnsmslindanu winhiudwldlussornanimeasiay
Aosnoudduindaufier 16 3unil wuirftanusdivesUsERlununAes (Lo ) Wy 12% Ba 17% 24%
fa 30% 34% fia 40% uasiaud 46% Fuly Snsmslihiusieudueiign ety 52.66 Alawns/
ams uaeditremnunhanawesilulinueidld dufumndmunliaousGufiwenssqluwuned
(e ) UaEANMUEAIUBIUTEPUUUAIDT (Lo, ) WURElFYs T wanatsywing 129 B 179% 20% e
30% 34% s 40% wazaaud 46% Pl Amanstivhity 52,66 Alawms/ans

4.2 Switch on point, Switch off point

WA Switch on/off point Wudfildansdanisdalansviurseisssudifosetaios Tald
Adldmunnisdataszuulouin dmiunisilatiassuulauiaig esiesamadatans i iues

UMD WAL AL UL Ae

) - - . — i\ .;‘ o al o o
Switch on point Lag Switch off point ﬂaﬂmmwum‘l’ﬂuszumﬂmiwaqaﬂwamwmaaa
o A avy o o a o = '3 mar
saoudlauia Lwa‘(famam’lumstﬂmUﬂmsmmumaamsawum Tnenssvaunsiinel
WNeve: aunily switch on point = 12,000 W U@z switch off point = 11,000 W

A o ¢ o = 2 A = | '3
1) Wakuaainsaous 9xiinisldnasnufnuindubes 9 arurnui visuselaisnsuddionis Tag
a L7 al 4 =1 o =y 2’ .7 -ﬁl ] ) = |
vausBudulaTouiininuIm sosudlausavriduawmes i lunisduindauiisseg1adien 1insan
v P | & W =5 4 A v " '
somadlwi s sianaruiiatanngt aufanuSuhaisnouddoanisuasumnnt 12,000 W

2] a8 s
WAIDIBUAITIS UV

A o 2 = v ar < o ] = s o
2) WRINTSaRATIHIS) UIDATINABINNIWEWNUIBITALUAEANINTT 11000 watt HIFDIWUAISUYRN T
I's ) = v = ' =
lLaBiﬂUUﬂﬂgﬂUlﬂﬂauﬂ?ﬂuaLﬂ@'ﬂﬂﬁ%ﬂﬂ\lﬂﬂ'ﬂlﬂﬂ?

o
= o

Wdaliazvinisneasalasnisuiuiudsuan Switch on point Waz Switch off point Liaad19

- nTMATIANRLGIEWIN Switch on point, Switch off point uag dnINFldwaNIL (W/m)

' o o o a o s F o o o =
dugasidsiimsdufiinsneaninluuvsamasnunudlgluvisnn ssnhlumsiusseeniei

o v A o 4w ¥ oow = o o . |
sneusvirld iahAdnnslindaruusssapudliSoudeuiy 7 Switch on/off fng 9
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Switch an point

415 {(kw)
~ 414 .00
£
é 413 6.50
= 412
2 a1 e [ 00
>$ -7.50
G 410
S 8.00
= a0

8.50
g 408
v 407 9.00
)E
® 406 250
405 10.00
O O L DD DO DD DD LD O o
WP P E SUS S PPl P LA N @-QQ o ng 1050
—— 11,00

Swilch of f point (kw)

= @ ar € ' X . ar s i ar
JUT 4.3 nyviamsruauRLEIEnII Switch off point fudmanisldwdanu

U7 4.3 uamannudiudsewindddanislanisviaureuaiasud (Switch off point) fu
Snsmslinasny Addnadensidanisiaueonadasud (Switch on point) 614 9 Tnsidudszduag
fonsmvedrdisdansilanisyameaniosswud (Switch on point) = 12,000 W 3aduddadens
@ansyhauuaaaiseus (Switch on point) gaauuuitanaiuiu Lazyndludesedumiigniga
MFTANMSYLT0aAT9uuA (Switch off point) = 11,000 W wudrdiimundnd198an1siansyiney
2BAUATEIBUS (Switch on point) wasUF UL ADLA8198 N5 TRnTieuTauATasud (Switch off
point) dnsnsldndsnuasiidiaafinufadndnadanistianisinaiuweaaioseus (Switch off point) A1
wiladsdmanslindinuaranasednmindy uasdinduiion §195:n150an 157 eurenis s
(Switch off point) fisitu zdanAIANE1IBINMIUANSYITTITRuARBtUs (Switch off point) Tildlu
wuasadusulilignangruainsiv uaiidwinningarhaavasnswidniios dsegrinsonuduili

A1BRIINTENAIUgI T gTaInTIw

nkamIvaaeiing Weinsannawidwier winfansangiseruniissewitemsnad
mMadanIYiILYeuAIaIsud (Switch on point) Audrdedan1stanisiruseaaieseus (Switch
off point) lermuadiddsmaiinmsviauseaaiaseus (Switch on point) warUuAeuaAE1e8
MUAMIITBUATER (Switch off point) frend1sBansUanisiaveuaiossud (Switch off

. < M 1 5 i 1 i =y £ o dl 4 . N or 1
point) A8 FHAMUNTIIEUINADNBINTHUANTVINIUYNATI8UA (Switch on point) NUAY
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F1989n15UANSYILTBNAIBIBUA (Switch off point) 2110 WAEMINAIEBINITTANITHINUTBA
\A3B38us (Switch off point) fiFns1n FraamuniesEnInAEaBnIsiansieuueuniasus
(Switch on paint) fumdredaniianisvhauveaaiosud (Switch off point) auiios guﬁ 4.3 uam
Wihuinstmuamsrsdnstiansiaureaniossud (Switch off point) figafvasay wiefidas
AMINA195ERI19A 1819890151 0ANI 97D LATBBUA (Switch on point) fud181989n15TANTS
vaweaadeseus Switch off point) Ausnzan Jasfinsanlunmsesnuuussuuianismdanu
WieliiAaarauelunmsliwdanu uazannsoldlidasa Tnonrsiwmuslirndredanlanmsvinuves
\3a8us (Switch off point) fiAwinfiu 11,000 W Sssnnsivaruduiuinuii Adrdadanislans
vhauaaATeaous (Switch off point) Wity 6,000 W Snsinsldwndsuiinnuduaniy udidleswnd
ansAnATuLisaAntoodaussinm 1 W/m wasfirndnadnisTinnisineuuaaundesoud (Switch
off point) $hnih 6,000 W dasnislandsnuildgenitun de Ussinn 3 w/m seudadanualidn
$198amsUnnsvuT AT I (Switch off point) fiA1NATY 6000 W 1 M1arNTBINs W LAz
Sualdi 11,000 W iitelifinamunfaesiidisdinisilianisvinuueanisisud (Switch on point)

L -] =y [ = L . =i
wazAdBanslamaviinuotaiassus (Switch off point) fiAwanzay
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n3MNBATINNT IIWRIITU Switch off point
(W)

3.00

415

a14
113

3.50

{(\W/m)

a1z 400

4.50
5.00

@

TWEIU

1
oy
8

550

6.00

407 6.50

406

DRSINTT

7.00
405

P A DA PO PP PP PSS
S 97 AT AT 0D W 6D 67 oY o7 AT AT 4T 40
0¥ o7 AT A7 %Y &7 oY o7 07 o7 TN AT Y

750

O
S &
NN N —— 8 00

IR

h
8.50

Swilch on point (kW)

U 4.4 newluanraudiiussening Switch on point fu dasnaldnwdan

3U7 4.0 wamernuduiusssuinddadinaidiansvinuveaaissust (Switch on point) fu
Sarmsiawdanu @ulssaumdensdvesdrdnadanisianisvieuedaiessud (Switch on point)
= 11,000 W uazqndidashoiunisnasidredanisiamsiaiunsauniseud (Switch off point) i
grlluwuudrasasudu nud nsrvasawdiiussenidrddins@enisinurenaieeud
(Switch on point) fuaas N ldwasany unnaeeInnsaLduiusuasaaednstianisiauees
wd0ssud (Switch off point) fudnsmistindanu Tnedenisdimuadsdannslanisiauees
1A3098UR (Switch off point) AT wasinsuFuasumsnadanisdiansiiausesniasoud
(Switch on point) iA1d198en 3 URnTi U wATBIEUA (Switch on point) 10 aelkSRsINsTe
wdsuesastandlunsm wiliesnnudninasiunsimuaumsmdsnud mivsasudleuiatu
suiludpafinsananmitmunzanlunislideu laedenudinmsiduamesivihasiiarumnzas
wnni iesnuamedlwinlivaairanniisevildands wanilovhanuiiimiimsnaoy
wdmdrnuanuawa il ialessudesfiarumasannnd \ewniaTsssuianansols
auseunierdtldnnniusinodiiin uwnsuawmeslniliusddaldunnninadeseud dufu
nsiiveansimueAIB1IB NI damsinauenateud (Switch on point) Sseefinrsandnynruas
wisspudianunsavinauldedreiivszansam wiavhouldmuzaniamninile Weawise

AuuaA1d1adannlansiinuveaaiaseud (Switch on point) fitnuizau 91031 9zWUIN
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=5 ¢ = a8 = d A e <o o v o S o w o =

in3aspudaziilseAniamundiatsurinnuinidgs willsswnuemasiwihidasiianisinaun
S o 9w ° I v oA a a E . . v o=

AMUEIA Savihlsinsimuamddinsitanisyinanuresnsesus (Switch on point) Apafiarsmn

S o ow o ]
mﬂﬁ]"lnﬁn'ﬁ“qQ'luwlwﬂll'lﬁﬁﬂﬂﬂﬂuﬂlﬂaﬂwﬂ']

WA098Ud Hybrid WU Atkinson Cycle 183 TOYOTA
LUUEY 1.8 8615 4 §u DOHC 16 1167 WT-i 11
M 99 wsal wsalngegn 142 Tdu-wes

LSRR

yains Lyl 82 w5 wsalagean 207 Td-1ung

mdnsimsldndinuiuariimunmandasinislihiureauuhaedlaglifinsannisly
wdsnludruiivunenidosdis 2angUd 4.4 nudimsUiuarinaBnisianisiinuseaadesus
(switch on point) ifisduszinlfansmslindanudesauasiimmdudilunislindsnuniotiiy
wnnd Wesniinsldiadessudiasndt uinsdveanisimuniidanadansivueundownud
(Switch on point) $niufiasfinnsaaindiianisiuitnsanvowamasinn dafunmusilunts
fuamdtadanisilianisviausaniau (Switch on point) Jafiarsanaamnsalumsieu

= [l o VoA = o = .
fanmsgagavaawmasiii daunasilunisimundrdadinislanainaugaanieasud (Switch off

'
w o

. o o v o = voA e o - =
point) A3 Indnsnslindany vsemmmanzaslunisldadotsudimariniaersinmsids

o E s k ; o = a e 1
MIVNUTBALAIBIOUNR (Switch on point) NEIIINIATABURLINYINNULED
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at

UM 4.5 wamamnuduiussenindinedanstianisinauvsalaiaseus (Switch off point) A
FadamsitansieureaaIsaeus (Switch on point) uazsnTIMsIEnd dmivuinadlnsn
mstindarutuguifeusnaiimiBmsdiamsiaueesaaisioud (Switch on point) frteanda
A5 TaNSHIIYeHATEIBUR (Switch off point) (AEeBan13Tan1syeuTeAI s
(Switch on point) NN iAEBIMsTANISHTUTaNATBIUs (Switch off point) @A) 3NN THIE
wuihmsdniussenh s uiiituu i bidaeu udedralsimutrfimnzandmiuan
Sradsnailianisiruusandessud Switch on point) wazmsnsinsianisusenniasous
(Switch off point) AlHUszANSamn s ldwdsuendemdwmiatniy fdriimnzan fdunts
SmuaA1dnad snsUanisviauuaaniaseud (Switch off point) wazA1d1BansdanskiauTes
\3aapust (Switch on point) 9efin1saamdnsintslindny wasdaimuniiioodeveuimd
annsanmuale
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<
uwn 5
ayUunzdaiauauuy

a3UNaN1IMAaBINTIAMUAATLAMFA1 9 dmTussuudan1swdsau (Energy
Management Subsystem, EMS)

5.1 g3Uua

FMSUsEUUdIANITWAIIU (Energy Management Subsystem, EMS) lnU#in13AvumAT
dmiusudimsiauressiessuduaziawesiihiuliainuddy wevasiilisosud
lavSeannaniindunldodaiivssinsnm annsausswdanisliiiulfunniigeluanm
msfuiiasuuUasegaasn vnansoeenuuuszu SamsdnuAiiusEAnBnmea ms
Tandsnuvessaguilauiafasiinmnuniann

5.1.1 Higher State of Change, Lower State of Change
MnnMmasilaninnslumsimuaianiuzgaesszglunumnaed (Higher
state of charge) dnnuzi1uasUsElULUALADT (Lower state of charge) dwFuramuzge
mmﬂwaﬂuuumma%' (Higher state of charge} Lﬁmmn°thqﬂ'nun"i'mswjfman'mzqwm
Uszq‘luuvmma’%‘ (Higher state of charge) u,azamuzﬁ'uﬁwamssﬁﬂ,uuumma‘% (Initial state
of charge) 17 viliinsvaaasllausalifeyaiasld wesniinsmisussguumne’iu
iswi'lﬁuﬁliiﬁaszﬁwmannusqwaqﬂssq'lu wusea3 (Hieher state of charge) ¥inlwnas
U%’Umﬁwﬁmmuzqwawiza;‘luuumma‘%' (Higher state of charge) lsilAnmaIUABuMRg
Fnsamsldhifu dwivanuedvesssglununme? (Lower state of charge) ldvnaasiay
dmualiifuaniuzGuiusesuszalutumas?d (nitial state of charge) liteldannsn
dunansidsundasdasnistiisiuluszernsduiaduld wuimnlddeulvilaslsdi
wanzaLBEsEvINg 12% s 17% 20% 9 30% 34% 4 40% waziudt 6% Tuly

5.1.2 Switch on point, Switch off point
o o o = Py [ | o .
1nn1snaansdiviiasun1a1sdin1sidanisvinnuYesaIasaun (Switch on
. ) v o= a ° = & . R ] o |
point) La¥A191994N1TUANITHINUYDIATANBUR (Switch off point) #UINTSATVUAAT
gdimsitnnisvineurauniosus (Switch on point) 915019 INTATINAAIIUANIZEY
o Y a o o =
Tunsvinursaelmasivi nmsveasruldandinsilanisvinnuusiaiasgud
. . = LY o o s vy o ¢
(Switch on point) §ann n1slEndwuvessasuslauiagadinuaud ipaanasassus
a e oo w 3 " a o w o w v 4 '
Swhaimdeg widsdbihudsdiiefmusauvessomeslvih duluapllii wieseoud
a e o o a b = 2 la a o o d °
gevihnunindegedadidssansninun Ineradldifudadndaimanganlunsiinuees
1 [ - = = a = L4 . . 1 1 -J
Wil druvasriadamsUansvtauaeaadesus (Switch off point) wuinAH
wanzaNsgsEnIn 6 kW fs 11 kw Falvmududilumslandsnulndidesiy widiesan
ar v ow d ) v oa . o | ¢ . i ) i
INIIN3 WHFNMUNADWBIM VANV LT AR BIBUA (Switch off point) ANTT 6 kW
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ﬁﬂ'ﬂqun’hé’mﬂnﬁl"&wé’qqnuﬁﬁwé’wﬁam‘sﬂﬂm‘sﬁwmumaqm‘%awuﬁ (Switch off point) g9
11 6 KW 1 fafunmsfwuamsnedanistanisyineueasiaiaseus (Switch off point)
Hetlasfurunanedourasstuudamandrnududennnanmndudnbiviueu 3a
R muAAE BN sTam s e naiaseus (Switch off point) Thnnndn 6 kw lae
MMM EAL YIRS T A E s anndan e urs A3 s sous
(Switch on point) LazA1EBensiantsinauteniessud (Switch off point) 1itelH
ipsudvinuiiddwhniededanisidamsvinuresniswud (Switch on point) 16
oSz BN MnFEBansUnnsvhanueasiessus (Switch off point) sfvly
dpspudazvieitidwh warlifiussansnm

5.2 Yoldunuu
nnmsveassnuIdiifulsdfgisiiufednyifiunindndudwaunn leean
syUUMSYIuIesTnEURlaUIRliasudey wasmseanuVLLUS eI ouas R
sodunuviiaaen wazdeddinannn s feimsenumsinzalusiossyuudes sl
nsUszudminsiuiivssAndnmgean wnfisrsandasnslindsedeifududiiny
Forruouuzdmivaidotuiliis
1) Wszegnatuilunuusiansanidy 16 Suni Wu 4 Falik wiswnnd
2) \finspdnsiunaday (Driving Cycle) vane 9 jUuuy eRasaIsuidioy
Sasnslindanu dleuuldsusiduusfiauletasudas Driving Cycle
3) ANYINABDINIYRTBIAT Hioe Lioc UAE e Tz EANTIgAd MTVTTUUTR
MINENN
4 Anwinmsilunisiivuaan Switch on point waz Switch off point &1m3u
Generator speed
5) Anwanasilunisaivuaa Switch on point waz Switch off point dm3u Motor
speed
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1. Animation of a full hybrid car at:http://www.fueteconomy.gov/feg/hybridtech.shtml

2. Toyota Motor Corporation, Public Affair Division, “Toyota Hybrid System THSII”, may
2003, http//www.toyota.co.jp/en/tech/environment/ths2/index.html

3. B. Jeanneret, R. Trigui, F.Badin, F.Harel, “New Hybrid concept simulation tools,
evaluation on the Toyota Prius car”, The 16Th International electric vehicle

symposium, October 13-16, 1999 — Beijing — China.
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190452 UUIREMIUTUIREY Ly W2 Hyo Y310 UTNa0snauRlausaRagNanTs
o ' ar = 1 1w - o ol »
1803 TUTUVEDY Lo WY Hee dnasiadnsnnisldunduvasuuudiasinioti

Fupoudt 1.1 fuiandnit block ¥4 Electrical Subsystem

Energy Manapemenl . Spw
%Yubs)'slem gn—:;m —
Electical Subsystemn = e .
a i
@"“"” LT |, ‘ — — -
- m | H M. 5
i i A
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Fumeuil 1.3 ufled Initial state of charge

B Block Parameters: Battery =

P

Battery {mask) (link) -

Implements a generic battery that model most poputar battery
types. tUncheck the "Use parameters based on Battery type and
nominal values" parameter to edit the discharge charadteristics.

Parameters | View Discharge Charaderistics | Battery [)yni‘l 1

Battery type [Nickel-MetaI-Hydlide ']

Nominal Voltage (V)
00
Rated Capacity (Ah)

6.5

Initial State-Of-Charge (%)

41.53 \ U 1

Use parameters based on Baltery type and nominal values

Maximum Capadity (Ah)

|7

Fully Charged Voltage (V)
[2355932 YNBSS YALD l

Naminal Nierharna Corrent {AY

m

[ ok |[ cancel }[ welp ][ appy
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dumoudt 2.3 fuidandnil block Y89 parameter AMUVUAD Lioc WBEATIANAD Heoc

Homingl power

m
(D_b 1 Batzry dissharge rangs  Rake Limdest Battery limd
Bab (| C)
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BN A 1o aln power
5R Teminstor
FlipFiop

¥ 4 o : [
Jumpun 2.4 Us‘uu}ﬁaum Constant value Tuwaans block

-
¥ Function Block Parameters: Compare To Constantl |!§X

Compare To Constant {mask} (link)

Determine how a signal compares to a constant.

Parameters

Operator: [ < b

Constant value:

Oufput data type made: [boolean ;]

Enable zero-crassing detection

[ox J(concet J[ meip J[ oty ]

b -

~
W Function Block Parameters: Compare To Constant2 l B |

Compare To Constant (mask) (link)

Determine how a signal compares te a constant.

Parameters

Operator: E v]

Constant value:

Output data type mode: rb«oolean v]

Enable zero-crossing detection

OK ][ Cancel ]I Help ][”Apaly'ml
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nouft 3.2 USuludsusn Switch on point uay Switch off point

[ﬂ Function Block Parameters: Relay2

Relay

Cutput the specified 'on' or ‘off* value by comparing the input to the
specified thresholds. The on/off state of the relay is not affected by
input between the upper and lower limits.

Main | Signat Attributes |

Switch on polnt:

12000

Switch off peint:

11000
Output when on:

0

Output when off:

1

Enable zero-crossing detection

Sample time (-1 for inherited}:

-1

Lok |( cancel J[ wep ][ apply
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Jumoun 4.1 fuLlanani block sl parameter

D
Power limit
» Rele Limiter
@ —=10) - PR p -.l—l P
Battery recharge :ztrm » ] Jolu 7|£ y—{ )
—D-E>—' o Bati=ry powes
Galn Saturation
TICE x _ Dynamic
PICE
ICE speed (rad's) . P ban
> L a
P ICE
ICE (P F)

funaudt 4.2 Yuluasum Switch on point was Switch off point

W Function Block Parameters: Relay2 | X

Relay

Output the spedified 'en’ or 'off’ value by comparing the Input to the
spedified thresholds. The on/off state of the relay is not affected by
Input between the upper and lower limits.

Main | Signal Attributes I

Switch on point:

Switch off point:
Qutput when an:

1

Output when off:

Enable zero-trossing detection

Sample time (-1 for inherited):

-1

I : oK ]-[ Cancel ][ Help H Apply ]
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