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. . - . generators (MG1), a battery, and a power-split device [2]. Therefore, the
Hybrldlelectrlc V'_eh'de (HEV)' . control strategy development for power-split hybrid electric vehicles (HEV)
Internal combustion engine (ICE); always needs to be improved and developed. This study is no exception,

Traction motor (MG2); focusing on control strategies of power flow in a power-split HEV system.
Motor/generator (MG1); The control system model had been built with the MATLAB/Simulink
Control strategies; package, and the simulation results showed optimal operation of each
Fuel consumption; component in the control system. Fuel consumption of ICE decreased by
Emissions: 54,79% and 53,09% in two typical driving cycle tests (NEDC and FTP-75),

and emissions of the three main components in the exhaust gas CO, HC,
decreased by 0,39%, 0,26%, and 0,93%, respectively, according to the
NEDC, and by 4,4%, 4,9%, and 3,7%, according to the FTP-75 driving cycle
test.

Mo hinh h6a va md phong hé thong diéu khién xe hybrid baing MATLAB
simulink
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THONG TIN BAI BAO TOM TAT

Ngay nhén bai: 18/02/2023  Ngay nay, cac nha san xuét 6 t6 ngdy cang c¢6 xu hudng phat trién cac loai
xe hybrid do ti€u thu nhién liéu va lugng phat thai khi xa ngay cang tang.
Cac h¢ thong hybrid phén chia cong suét do st dung ddng thoi cac khop noi
Ngay chip nhan dang:  16/03/2023 téc d6 va mo men da tich hop uu diém cta hé thong hybrid no; tiép va song

N song va giam thi€u nhugc diém cua chung. Tuy nhién, viéc t6i uu hoa ché
Nedy dang: 28/04/2023 do l%oat C%ong ctia né phu thudc vao nhiéu ﬁlanh};hén nhu dong co dot trong
TU KHOA (ICE), m6 to kéo (MG2), md to/may phat dién (MG1), ac quy va thiét bi

Ngay hoan thién: 07/03/2023

phan chia cong suat. Do d6, viéc phat trién chién thuét diéu khlen cho xe

X? dién hyl)rld (HEV); dién lai (HEV) kiéu hdn hop ludn can dugc cai tién va phat trién. Nghién
Bong co dot trong (ICE); clru ndy ciing khong ngoai muc dich d6, tap trung vao cac chién thuat diéu
Mo to kéo (MG2); khién dong niang lugng trong hé thong HEV kiéu hén hgp. M6 hinh hé thong
M0 to/may phat dién (MG1); didu khién da dugc xay dung bang phan mém Matlab/Simulink va két qua
Chién thuét diéu khién; md phong chimg minh sy t5i wu hoa hoat dong cua timg bd phéan trong hé
Tiéu hao nhién liu; thong diéu khién, muec tiéu hao nhién ligu ctia ICE giam lan lugt 54,79 % va
Khi xa; ' 53,09% trong hai chu trinh thtr tiéu biéu NEDC, FTP-75 va luong phat thai

clia ba thanh phan chinh trong khi xa 1a CO, HC, NO, giam lan lugt theo
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Chu trinh thur. chu trinh thit NEDC 14 0,39%, 0,26%, 0,93% va theo chu trinh thit FTP-75
1a 4,4%, 4,9%, 3,7%.
Doi: https://doi.org/10.54644/jte.76.2023.1350
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1. Pit van dé

Viéc van hanh mot chiéc xe hybrid doi hoi su quan 1y phtic tap bao gdm céc chién thuat diéu khién
khéac nhau. Do ¢ vé s cau hinh c6 thé ¢ cta xe hybrid (va kha ning lién két hoat dong giira cac b
phan, chi tiét lai v6i nhau trong hau hét moi su két hop mong muén) nén van dé thiét ké mot ciu hinh
t61 wu nhat s& dam bao trang thai hoat dong tdi wu nhét cta cac thanh phan ddng thoi thoa min cac diéu
kién tir nguoi 1ai xe va moi truong. Sau d6, mot ciu trac quan 1y phi hop s& phai dugc tao ra dé chi phdi
va diéu khién trang thai dong luc cta ting b phén don 1€ va cua toan b hé théng [3]. Trong s tat ca
cac chién thuat quan 1y nang luong, ti wu hoa toan dién 1a chién thuat didu khién tot nhat de dap ung
tat ca cac yéu cau vé diéu khién. Tuy nhién, nd bi anh hudng boi chu trinh 1ai thir gy tiéu ton thoi gian
16n va kho dua vao van hanh trén thuc té. Do dé, cac phuong phap vé diém hoat dong khong ddi cia
dong co va dudng cong tdi wu cta dong co 1a thuce té hon. [4].

Tsuji cing cong su [5] dd nghién ciru md hinh md phong diy du trén xe Toyota Prius. Thong qua
viéc sir dung ngdn ngir tin hiéu hon hop va tuong ty VHDL (VHDL-AMS), nhém tac gia di thuc hién
moé phong theo chu trinh thir LA#4, két qua 1a muc tiéu hao nhién liéu giam 1,4%, tiéu thu nhién liéu
giam 10,3% trong qua trinh khoi dong va thoi gian ting toc thuc té giam 1,4% so v6i mo phong. Xin
cung cac cong su [6] da nghién ctru quan 1y nang luong tdi uu cua xe dién hybrid pin nhién liéu dua trén
diéu khién du doan mé hinh va wdc tinh khdi lugng truc tuyén. Két qua bo diéu khién dugc thiét ké co
thé giam mirc tiéu thu nhién liéu bo sung xu6ng khoang 0,1%. Cipek cung cac cong su [7] da nghlen
cliru mot mo hinh mé6 phong huorng diéu khién ctia mot chiéc xe dién hybrid phan chia cong suat. Mot
thuat toan toi wu hoa dya vao giai thuat lan truyén nguoc lién hdi (BPTT) da duoc thuc hién dé diéu
khién tdc d6 dong co va cac bién diéu khién mé men cta hé thng truyén luc trén xe Toyota Prius theo
chu trinh thir chimg nhan NEDC. Két qua mo phong da chimg minh mé hinh da cai thién tiéu hao nhién
liéu khoang 1,8 % so véi bd diéu khién theo luat (Rule-based Controller) thong thudng. Cao cling cac
cong su [8] di nghién ciru md hinh héa va mé phong trén chiée xe lai sac dién (PHEV). Két qua murc
tiéu hao nhién liéu cia mo6 hinh trong 2 chu trinh tht NEDC va HWYCOL trén 100 km lan luot 1a 4,56
lit va 4,42 lit, gia tri tiéu thy nhién liéu cta ca hai chu trinh NEDC va HWYCOL 1 rat gan nhau, vi vy
trong bét ky chu trinh 1ai thir nao, chién lugc quan 1y ning lugng s& duy tri hiéu qua va tbi wu. Thac si
Huynh Qudc Viét [9] da nghién ctru dé tai “Ung dung logic mo trong diéu khién luc kéo trén xe lai kiéu
hdn hop”. Tac gia di st dung chu trinh thir tidu biéu cua cic nuwdc phat trién nhu ECE-15, NEDC va
UDDS dé phan tich, kiém nghiém tinh hiéu qua trong viéc sir dung logic m& dé diéu khién mo men kéo
ctia m6 hinh xe dién HEV. Két qua nghién ctru dat dwoc khi so sanh 3 chu trinh thir ECE-15, NEDC va
UDDS véi b diéu khien ADVISOR d6 1a mirc tiéu hao nhién liu lan lugt giam 31,1%, 27,11% va
19,96%.

Tir viée tong quan cac cong trinh nghién ctru trén day, ching ta thiy duoc rang viéc nghién ctru xay
dung md hinh mo phong dé tdi wu hoa hoat dong cia cac bd phan trong hé thong diéu khién trén xe
hybrid phan chia cong suit, dic biét 1a giam tiéu hao nhién lidu va giam phat thai khi xa 1a rat can thiét
va mang tinh thoi sy. Toyota Prius st dung mét hé thong truyen dong hybrld kiéu hdn hop dé tan dung
t6i da cac uu diém va khic phuc nhiing han ché cua kiéu truyen dong noi tiép va song song. B phan
chia cong suit cho phép dong co dan dong banh xe tryc tiép khi can thiét, hodc dugc ngét noi cong suat
dén cac banh xe dé sac ac quy [10]. Prius la mau 0 to ) hybrid (chay xang - dién) duoc san xuét hang loat
dau tién trén the gi61 vao cudi nam 1997 va day 1a mau xe hybrid thanh cong nhit ciia Toyota. Hién tai,
mau xe nay van dang tlep tuc duoc nghlen clru va cai tién v& miu ma, an toan tlen nghi, hi¢u suat khi
x4,...d6 1a 1y do tac gia lya chon thong sb xe Prius dé thuc hién mé phéng va téi vu hoat dong cua cac
bo phén trong hé thong diéu khién. Ngoai ra, cac thong s6 ki thuat cua chiée xe hoan toan co thé thay
ddi dugc cac gia tri dé ap dung vao cac thong sb tinh toan mé phong, do d6 md hinh hé thng diéu khién
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ndy ¢6 thé ap dung cho cac dong xe hybrid twong tu. Tuy nhién, chién thuat diéu khién can phai tiép tuc
duoc nghién clru va xay duyng lai cho phu hgp trong tung dicu kién ap dung khac nhau.
2. M hinh truyén dong cic h¢ théng trén xe HEV

Trang thdi sac ciia dc quy (SOC) [11]:

Trang théi sac (SOC) duogc dinh nghia 1a ty s gitra lugng dién con lai tai mot thoi diém nhat dinh ¢
trong ac quy (Q (t)) va dung lugng danh dinh cta ac quy (Q, tinh bang Ah).

SOC(t) = M .100 (1)

' Cubi ciing, SOC biéu thj bang phan trim duoc tlnh toan bdi Cong thirc (2) nhu 1a mdt ham cua dong
dc quy ipgre (A).

100t ipg
SOC(t) = SOC(ty) — o to%dt 2)

Planetary gear Generator

Engine

Final drive

Wheel - Wheel
= :Mechanical Power [l :Electrical Power

Hinh 1. M hinh xe lai phan chia cong sudar [12]
Bé phdn chia cong sudt véi hé banh rdang hanh tinh:
Téc d6 quay clia banh rang bao (w,.), banh ring mat troi (w;), va can dan (w,) thoéa man mdi quan
hé sau:
ws. Ry + wp. Ry = we. (Rg + R,) (3)
Trong d6: Rg va R, 1a ban kinh cua banh rang mit troi va banh rang bao. Déi v6i xe Toyota Prius,
may phat dién ducyc nbi tryc tiép v6i banh ring mat troi, mo to ndi véi banh rang bao va dong co dot
trong noi tryc tlep v6i céc banh rang hanh tinh. Cac banh xe dugc két ndi v6i banh rang bao qua bd vi
sai. Vi ty s truyén vi sai (Trinar) va ty s6 (i) gilta banh rang bao va banh rang mit troi, phuong trinh
(3) dugc viét lai nhu sau:
i

LWy + Wy = wiep- (1 +1) (4)

Tfinal
Trong d6: wy,, Wygq V& wicg 1an luot 14 tée dd cua banh xe, md to/may phat dién va dong co dot
trong.

Theo phuong trinh (4), mdi quan hé gitra tc do dong co va tdc d6 banh xe dugc xac dinh khdng chi
bai yéu t6 ty sb truyén i ma con phu thudc vao tde do ciia may phat dién.

Téc d6 cua md to kéo va tdc do banh xe c6 mbi quan hé:
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1

Wme2 = - (5)
final
Téc d6 cua md to/may phat dién duge xac dinh boi:
wyer = Wrcp-(1+1) — Wy (6)

Tfinal ’
Truc dan dong duoc ndi v6i banh ring bao théng qua bo giam tdc cudi clng véi ty sé truyén ("fina1)-
Do d6, tong md men kéo tai banh xe dugc xac dinh bai:

1 1 ]
Ty = — (T + Tyg2) = — (TMaz-ﬁ-TICE) (7)

Trong d6: Tg, Ty, Tyez Va Tice lan luot 12 m6 men kéo tai banh xe, banh ring bao, mé to kéo va dong
co dot trong.

Tinh tiéu hao nhién liéu ciia déng co dot trong:

Luong tiéu hao nhién liu cua dong co c6 thé duoc md phong nhu 1a mot ham sé cua mé men va tde
d6 gbc cua dong co:

my = f (Tice, wice) (8)
Trong nghién ctru nay, luong tiéu hao nhién liéu cia Toyota Prius dugc wdc tinh boi dau vao la md
men duoc diéu khién bai khdi Controller va van toc xe.
Dong luc hoc cua xe:
Phuong trinh dong luc hoc cua xe theo huéng chuyén dong cé thé duoc biéu dién boi:
m.V, = E, — C,.V,> — R, — m. g.sin(0) 9)
Trong d6: m, g, Vy, Cq, Ry, F va lan Iuot 12 khdi lwong cua xe, gia tdc trong trudng, van toc xe,
hé s6 can khi déng hoc, luc doc xe do can 1an, luc doc banh xe va d6 déc mat duong.
Dong luc hoc banh xe:
bong luc hoc cua banh xe dugc xac dinh bai:
Iy.ww =Tgq = Trprake — Tw- Fx (10)

Trong do: I, Tprake VA Ty lan Tuot 12 m6 men quén tinh caa banh xe, md men phanh yéu cau cua
banh xe trudc va ban kinh banh xe.

3. Thiét ké b diéu khién mémen kéo va mémen phanh

Phan nay trinh bay chién thuat diéu khién dé toi wu hoa tiéu thu nhién ligu cua xe, toi wu hoa lugng
phat thai khi xd ciia dong co dot trong cuing véi viéc duy tri trang thai sac SOC cua ac quy ¢ muc toi uu.
Chién thuat diéu khién phai tuyét doi tuan theo yéu cau ctua nguoi lai theo chu trinh thir.

Theo dd thi ddc tinh tiéu hao nhién li¢u, viing hoat dong t0i wu cia ICE ¢ dai toc d 1500 - 3500
vong/phut va md men dau ra tir 60 dén 100 N.m. Tuong tu nhu viy, MG1 va MG2 nén dugce diéu khién
dé hoat dong & m6 men dudi 200 Nm. Vung t0i uu cho qua trinh phong va sac cua ac quy & mie SOC
trung binh khoang tir 0,5 dén 0,7.

Khéi Controller diéu khién mé men kéo va md men phanh thong qua céc 1énh dié}l khién dén dong
co dot trong ICE, m6 to kéo MG2, mb to/may phat dién MG1 dé phan phoi m6 men dén céac thanh phan
theo van toc yéu cau tir ngudi 1ai. Khoi Controller dya trén cac tin hiéu dau vao nhu mé men kéo (Toom),
mo& men phanh (Ty,qke), van toc xe (Vy), trang thai sac ac quy SOC.

Dua vao Hinh 2, nguyén Iy hoat dong cuia bo diéu khién Controller d6 14 x4c dinh tdc d6 xe theo chu
trinh 14i thur va do toc do thyc t€ d€ diéu khién mé men kéo va m,(‘) men phanh duya trén viéc dicu khién
on dinh trang thai sac cua ac quy trong cac gidi han hoat dong toi wu. Nghia la luén d¢€ ac quy ¢ trang
thai can bang trong gidi han SOC;, < SOC < SOCy. V61 S0C, =0,5; SOCy, =0,7.

- Pidu khién md men phanh: néu Ty, gk < Ty, thi M6 men phanh dugc diéu khién toan bo thong
qua md to kéo MG2. Nguoc lai, Tyg, dat gid tri l6n nhat va Ty, i = Tprare — Max.
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- Piéu khién mo men kéo:

+ Néu V, <5 m/s va trang thai sac SOC < SOC;, thi ICE kéo va nap ic quy. Nguoc lai, SOC > S0C,,
thi MG2 kéo.

+Néu V;, > 5 m/s va md men kéo nhé hon md men t6i wu (Tp—pp;) clia ICE: Typp,
man SOC < SOC;,, thi ICE kéo va nap ac quy. Nguoc lai, SOC > SOC;, thi MG2 kéo.

+Néu V, >5m/s va md men kéo 16n hon md men téi wu cta ICE: T,q,, > Te—ope Vathoaman SOC <
S0Cy thi MG2 va ICE cuing thyc hién kéo va nap ac quy. Nguoc lai, SOC > SOCy thi MG2 kéo.

Sau d6, tat ca cac két qua tinh toan cua bo diéu khién duoc dwa vé va tiép tuc thuc hién vong lap caa
giai thuat diéu khién cho dén khi gia tri T > T,,,4 s& két thic vong lap.

< Te_ope Va théa

Bat
1
dau
+
Sai e e
— TeT,y
[Ell'.lng
- Xac dlnh tde @b meo chu trinh
- Po tbc A6 thue té
“PID(S) => Tooms Thrake
T Bin _— T Binm _ ————____ Bang z
= Thake * Teom L T so.-: <50¢, _———r ICE {:Im-ip ac
ISal l Sai
Phanh toan | Bing _— Tbmh < Tm. — Sai MG kéo
bd = ME, T e Bi
— ng _———__  Bin z ES
sai = Teom < Teops ot soc < sac, g, IcE k‘:‘l nap ac
Ty, = Max I Sai
Teokhi = Thrake - MaxX Sai MG kéo }—
c""'___soc--: soc, ———2ung MG, VA
T H ICE kéo nap ic quy
[S"EI
Két
thic

Hinh 2. So d6 chién thudt diéu khién mé men kéo va mé men phanh
4. Két qua va danh gia

Thiét 1ap bd diéu khién m6 men kéo va mdé men phanh va thyc hién mo phong hoat dong cua xe
Toyota Prius trong Simulink, st dung 2 chu trinh thir tiéu biéu: Chu trinh thir nghiém Lién bang FTP-
75 (M¥) va Chu trinh 14i méi cia Chau Au NEDC. Ca 2 chu trinh thir FTP-75 va NEDC déu duoc thiét
1ap trén quang duong xe di chuyén dai véi cac diéu kién dia hinh khac nhau, thoi gian di chuyén kéo dai
va cac yéu cau phai dat duoc vé toe do trung binh, tde do tbi da,...Tir do, tac gia co co so dé danh gia
dugc tinh trang hoat dong cua mé hinh hé thong didu khién xe hybrid ciing nhu chién thuét diéu khién
dua ra c6 t6i wu va hiéu qua hay khong.

Hinh 3 biéu dién d6 thi trang thai sac SOC cua ic quy, do thi van téc xe md phong va van tbc xe
mong mudn, dd thi do bién thién van tc bieu dién do 1éch gitra van tdc thiét 1ap theo chu trinh thir FTP-
75 va van tdc thuc té cta xe dat duge (km/h). Cac két qua dat duoc nhu sau:

- Po thi trang thai sac SOC cia dc quy: Trong khoang thoi gian tir 0 - 300 gidy, xe thuc hién qua
trinh tang toc, lic nay mo to kéo sur dung dién cua ac quy dé dat van toc toi da theo chu trinh thir nén
luc nay trang thai sac cua dc quy giam. Sau do, xe di chuyén trong giai doan 6n dinh, lic nay tuy thudc
vao dic tinh cta chu trinh thir ma ICE duoc diéu khién dé hoat dong, ICE va MG2 thyc hién qué trinh
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kéo may phat dién dé sac ac quy, lam qho trang thai sac S 0C cua ac quy tang dan dén giéi han trén
(S0Cy = 0.7). Trang théi sac SOC cua ac quy luon dugc diéu khién nam trong vung cho phép (0.5 <

SOC < 0.7) va tuan theo van tc di chuyén cia xe.

Do thi SOC

f

o7

soC

30C
=]
&

A

Do thivan toc

— == Sat sp-c-c-d
Actual spccd

Van toc (km/h)

o B &5 8 B
T

nWmmm

A

DO thi do bien thien van toc

=
n

&
o

Bien thien van toc (km/;
[=]

peed emror |
| U " i ;

1000

2000

Time (seconds)
Hinh 3. Bé thi trang thdi sac va vin téc ciia xe theo chu trinh thir FTP-15

- D) thi van tdc cua xe theo chu trinh thir:

+ Puong mau do nét dut: van toc thiét 1ap theo chu trinh thir cho dudong phd FTP-75 (km/h).

+ Puong mau xanh duong: van tdc thuc té cia xe dat dugce (km/h).

Ca hai dudng mau do net dut va duong mau xanh duong nét lién gan nhu trang khép nhau, dleu do
ching t6 m6 hinh da dap ung dugc van tdc xe mong mubén mot cach chinh xéc. Do do, ta thiy duoc riang

bd diéu khién da hoat dong hiéu qua.

- P4 thi d6 bién thién vén tdc: biéu didn do 1éch giita van tdc thiét 1ap theo chu trinh thir FTP-75 va
van toc cua xe dat dugc (km/h). Do thi d bién thién van toc 16n hon 0 km/h khi gia tri van toc thiét 1ap
16n hon van toc ctia xe va nguoc lai. D6 bién thién gitta 2 duong biéu dién van tdc trong ca chu trinh

khoang 1 km/h, chimg té bd diéu khién Controller hoat dong higu qua.

Do thi 50C
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Hinh 4. 6 thi trang thai sac va van t6c ciia xe theo chu trinh thir NEDC
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Hinh 4 biéu dién do thi trang thai sac SOC cua ic quy, do thi van tdc ctia xe va do thi d6 bién thién
van toc theo chu trinh thu NEDC. Cac két qua dat duogc cua tung d6 thi déu nam trong vung hoat dong
toi wu giong nhu chu trinh thir FTP-75 trong hinh 3, ching to by di€u khién da hoat dong hi€u qua cho

O thi momen dong co dot trong

ca 2 chu trinh thu.
g B 1 Te
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g 20
= 0
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Time (seconds)
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Hinh 5. D6 thi mo men cua ICE, MG2 va MG1 theo chu trinh thir FTP-75

Hinh 5 biéu dién d6 thi m6 men cua dong co dbt trong ICE, mé to kéo MG2 va mé to/may phat dién
MG1 theo chu trinh thir FTP-75. Cac két qua duoc thé hién nhu sau:

- Puong mau xanh dwong thé hién mo men ciia dong co ddt trong Tjcp. Tir d thi ta thdy ring mo
men cua dong co dot trong ludn duy tri trong mue tir 60 dén 100 Nm. Chung t6 rang b di€u khién da
hoat dong chinh x4c va toi uu.

- Puong mau hong biéu dién mé men ctia mé to kéo Tyyg,. MO men cia MG2 di hoat dong hiéu qua,
mang cd 2 gid tri (-) va (+). Gia tri (+) the hién m6 to kéo da thuc hi¢n qua trinh kéo d€ tao dong luc cho
xe, gia tri (-) thé hién mo to kéo thuc hién kéo may phat dé sac lai cho ac quy.

- Puong mau xanh lam biéu dién mé men ctia mo to/may phat dién Ty;g;. Qua trinh hoat dong cia
MG1 tuong doi it, nguyén nhan la do ¢ chu trinh FTP-75, phanh tai sinh da lam viéc kha hiéu qua. Mo
men am thé hién MG thuc hién qua trinh nap 1a chu yéu.
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E 80 F s
= 60 | -
T 40 .
E 20 .
= -D

Time (seot}nds}

— DG thi momen mﬂtﬂ-r keo MGZ

E 200 ]

=

; o ll_“_, —L .J].I ] ._J—l ‘J._J-']_ |_u_ "l-  S— T =

5 1r O 1 Ll r i [

= 1

= |

[+] 200 A0 (=] B0 100D

Time (seconds)

— Do thi momen motor may phat dien MG
= O T ; T
=
= -0 - -
= E]
E = | 1
= | | | | 1

o 200 400 00 B00 1000

Time (seconds)

Hinh 6. D6 thi mé men ciia ICE, MG2 va MG theo chu trinh thir NEDC
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Hinh 6 biéu dién do thi m6 men cta ICE, MG2 va MG theo chu trinh thir NEDC. Céc két qua dat
dugc déu hoat dong hiu qua giong nhu chu trinh thir FTP-75 trong hinh 5, m6 men cua cdc thanh phan
trong hé thong déu hoat dong trong viing t61 wu theo nhu yéu cau dé ra.

Do thi toc do dong co dot trong
15000
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=0 n ]

Tot do (rpm)

(4]

(8] SO0 100 1500 S0
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Hinh 7. D6 thi téc d6 ciia ICE, MG2 va MG theo chu trinh thir FTP-T5

Hinh 7 biéu dién d6 thi toc do cua dong co ddt trong ICE, m6 to kéo MG2 va m6 to/mdy phat dién
MG1 theo chu trinh thir FTP-75. Céc két qua duoc thé hién nhu sau:

- Pudng mau do biéu dién sé vong quay cua dong co dot trong Njcg. T dd thi ta thy rang sb vong
quay cua ICE luén duy tri trong mirc 1500 vong/phut. Chimg t6 rang dong co dét trong ludén duge didu
khién hoat dong trong ving tdi uu.

- Duong mau héng biéu dién s6 vong quay cta md to Keo Ny¢. S6 vong quay ciia md to keéo ti 1
v6i van tdc ciia xe, nguyén nhén 1a do mé to dugc ndi truc tiép dén banh 1ai thong qua bd giam tdc.

- Puong mau xanh lam biéu dién s vong quay ciia mo to/may phat dién Ny, Qué trinh hoat dong
cua MG1 tuong doi it, toc do cuia MG1 dugce duy tri dudi 3000 vong/phut dé duy tri trang thai sac SOC
clia ic quy va dam bao it tén tht ning luong cua xe.

Do thi toc do dong co dot trong
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Hinh 8. D6 thi téc dé ciia ICE, MG2 va MG theo chu trinh thir NEDC

Hinh 8 biéu dién db thi téc do cua dong co dbt trong ICE, m6 to kéo MG2 va mé to/mdy phat dién
MG theo chu trinh thir NEDC. Cac két qua dat dugc déu hoat dong hi¢u qua gidng nhu chu trinh thw
FTP-75 trong hinh 7, tdc d6 ctia cac thanh phan trong hé théng déu hoat dong trong ving tdi wu va duoc
diéu khién chinh xéc.
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Hinh 9. Sudt tiéu hao nhién liéu ciia ICE theo chu trinh thir FTP-75

Hinh 9 va hinh 10 biéu dién d thi suét tiéu hao nhién liéu cta ICE theo don vi kny/lit 1an lugt theo
2 chu trinh thir FTP-75 va NEDC. Qua mé phong theo chu trinh thir FTP-75, tinh toan suét tiéu hao
nhién li€u trung binh dat 42,46 km/lit xang, tvong duong 2,355 1it/100 km va theo chu trinh thu NEDC
suét tiéu hao nhién liéu trung binh dat 43,45 knv/lit xang, twong duong 2,301 1it/100 km. Cac két qua
thu duoc tir 2 chu trinh thir chirg minh rang bo diéu khién di hoat dong cuc ky chinh xac va hiéu qua,
suét tiéu hao nhién liéu ciia ICE trén xe Toyota Prius kiéu hdn hop da dugc giam thiéu dang ké do ICE
lubén duge kiém soat & mirc 1500 vong/phit.
ge_MNEDC [

80 F T T

4] 200 40 &00 B0 1 O
Hinh 10. Sudt tiéu hao nhién liéu cia ICE theo chu trinh thir NEDC

bé danh gia hoat dong cua bo diéu khién Controller vura thiét ké, két qua mo phong trén da dugce so
sanh véi két qua mo phong tir bo dieu khién ADVISOR. Cac két qua dugc trinh bay trong bang 1.

Bang 1. Bang so sanh tiéu hao nhién liéu theo cdc chu trinh thi

Chu trinh thi Controller (Lit/200km) ADVISOR (Lit/100km) Két qua (%)
NEDC 2,301 5,09 -54,79
FTP-75 2,355 5,02 -53,09

Tir bang 2 trén ta thdy mé hinh thyc hién véi chién thuat didu khién méi da dat dugc hiéu qua tot
hon theo cac chu trinh thir khac nhau. Mtc tiéu hao nhién li€u da giam 1an luot 54,79% va 53,09% theo
2 chu trinh thir NEDC va FTP-75 khi so sanh giira bo diéu khién Controller va by diéu khién ADVISOR
trong Matlab/Simulink.

Bang 2. Bang so sanh luong phat thai khi xa theo cdc chu trinh thi

Thanh phéan khi | Chu trinh ADVISOR Kétqua | Chutrinh | ADVISOR | Kétqua
xa (g/km) NEDC (%) FTP-75 (%)
co 0,769 0,772 -0,39 0,588 0,615 -4,4
HC 0,782 0,784 -0,26 0,515 0,542 -4,9
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NO, | 0107 | 0,108 | 093 | 0130 | 013 | -37
Hinh 11 va hinh 12 biéu dién do thi phat thai cac thanh phan khi xa chi yéu ciia ICE theo 2 chu trinh
thir FTP-75 va NEDC. Cac két qua dugc trinh bay trong bang so sanh 4.2, lugng phat thai ctia ba thanh
phan chinh trong khi xa 1a CO, HC, NO,, giam lan lugt theo chu trinh thir NEDC 14 0,39%, 0,26%, 0,93%
va theo chu trinh thir FTP-75 12 4,4%, 4,9%, 3,7%.

o2 Emissions - FTP t
T T cO T
HC
PO
1 1 1 1
[n) 500 1000 1500 2000

Hinh 11. D6 thi cdc thanh phan khi xa theo chu trinh FTP-75
Emissions - NEDC t

Hinh 12. D6 thi cdc thanh phan khi xd theo chu trinh NEDC
5. Két luén

B diéu khién md men kéo va md men phanh cho xe hybrid kiéu hdn hop di dugc thuc hién va cac
két qua thu dugc da chirng minh bd diéu khién di hoat dong nhu mong doi. Bo diéu khién méi gitp tdi
vu hoa hiéu suat hoat dong cuia timg thanh phan chinh cau thanh xe lai trong viéc phan phéi dong cong
suét khi xe van hanh nhu: ICE, MG2, MG1 va 4c quy. Cac chién thuat diéu khién duoc xdy dyng hop
ly va dic biét 1a suit tidu hao nhién liéu cua ICE giam dang ké 1an luot 54,79% va 53,09% theo 2 chu
trinh thir NEDC va FTP-75 khi so sanh giita by diéu khién Controller va bo diéu khién ADVISOR trong
Matlab/Simulink. Do dé, d& tai nay da dap ung duoc tinh kinh té, day 1a mot trong nhirng yéu t6 quan
trong, 14 chia khéa thanh cong trong linh vuc nghién ctru vé dong xe HEV. Ngoai ra, lwong phat thai
ctia ba thanh phan chinh trong khi xa 1a CO, HC, NO, giam lan lugt theo chu trinh thir NEDC 1a 0,39%,
0,26%, 0,93% va theo chu trinh thir FTP-75 13 4,4%, 4,9%, 3,7%, chitng minh bd diéu khién hoat dong
hiéu qua, vira giam ti€u thu nhién liéu va giam phat thai khi xa.

B6 diéu khién phan phdi md men kéo va md men phanh ludn dap tmg nhit quan cac yéu ciu ctia qua
trinh diéu khién theo tin hiéu ban dap ga va ban dap phanh, 4c quy luén luén cung cap du nang lugng
dé dap ung theo tung ché do van hanh cua xe HEV theo chu trinh 14i thtr tiéu chuén, luén dam bao su
6n dinh hoat dong cia xe trong subt qua trinh van hanh.
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