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UNG DUNG LOGIC MO TRONG PIEU KHIEN LUC KEO
TREN XE LAI KIEU HON HQP

APPLICATION OF FUZZY LOGIC TO CONTROL TRACTION FORCE
FOR POWER-SPLIT HYBRID ELECTRIC VEHICLES

Huynh Quéc Viét
Truong Dai hoc Su pham Ky thudt TR.HCM, Viét Nam
Ngay toa soan nhédn bai 27/3/2019, ngay phan bién danh gid 121412019, ngdy chap nhdn ding 2/5/2019.
TOM TAT
Ngay nay, cac logi xe lai dong co xdng-di_én kieu hon hop (HEV) dang phdt trién nhanh
chéng nham cdi thién sudt tiéu hao nhién liéu va khi thai ra moi truong. Su két hop giita déng
co dot trong va déng co dién rat da dang, trong dé HEV kiéu hén hop (power-split HEV) da
két hop dieore cac wu diém cia ca kiéu néi tiép va song song. Tuy nhién, vi¢c t6i weu héa ché do
hoat déng ciia chiing phu thuée vao nhiéu thanh phan nhir déng co dot trong, mé to dién/ may
phdt dién, dc qui va bé phin phéi cong sudt. Vi thé, Viéc phat trién chién thudt diéu khién cho
HEV kiéu hon hop luén dwoc cdi tién, phdt trién. Nghién ciru nay ciing khéng ngodi muc dich
do, tdp trung vao cdac chién thudt diéu khién dong nang hwong trong hé théng HEV kiéu han
hop. Bdc biét, viéc ding logic mo hién thiee héa chién thudt diéu khién mé men kéo dé toi weu
héa viéc diéu khién dién nang cia HEV kiéu hon hop va dwege phdn tich, kiém nghiém tinh
hiéu qua trong mét s6 chu trinh thit tiéu biéu nhu NEDC, UDDS. Mé hinh HEV dwoc thyc
hién bang Matlab/Simulink, cdc két qua mé phong da cho thay nhing cdi thién ddng ké vé
suat tiéu hao nhién li¢u.

Tir khéa: Dong co dot trong; mé to dién; xe lai kiéu hon hop; thiét bi phdn phéi céng sudt;
b¢ diéu khién logic mo.

ABSTRACT

Nowadays, hybrid electric vehicles (HEV) have been speedily developed and deployed by
automobile manufacturers to improve fuel consumption and emissions. Among different
hybrid configurations, the power-split HEV combines the advantages of series and parallel
hybrids. However, optimization of its operation mode depends on many components such as
an internal combustion engine, motors/generators, battery, and power-split device. Besides,
the control strategy development for power-split HEV is more complex compared with the
other HEV. This study focused on control strategies of power flow in power-split HEV system.
Based on the analysis of efficiency in a representative driving cycle, a fuzzy torque control
strategy was developed to optimize the power management of the power-split HEV. The
power-split HEV model had been built with Matlab/Simulink package, and the simulation
results showed significant improvements in fuel consumption and performance.

Keywords: internal combustion engine (ICE); electric motor (EM); hybrid electric vehicle
(HEV); power-split device; fuzzy logic control (FLC).

. - khién ning lwong 13 mot trong nhiing yéu té

1. GIOITHIEU guan trong nhét trong véan dé thiét ké xe HEV.
Viéc quan ly ndng lugng trong Xe lai  Chién thuat diéu khién tot co nghia la giam
dong co-dién 1a mot van d@ toi quan trong vi  tiéu thy nhién liéu, giam khi thai, va cai thién
n6 c6 thé anh hudng déng ké den’hleu suat va  tinh nang hoat dong cuia xe. Ngoai ra, cic
kich thuéc cua xe. Trong do, chien thuat dieu  phuong phép quan 1y ning lugng thong minh
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c6 thé quan sat va ghi nhd cac ung xur cua
ngudi lai trong nhiéu diéu kién khac nhau.
Nhiing phuong phap nay ngay cang dugc ap
dung rong rai cho viéc diéu khién HEV.

Toyota Prius 1a chiéc HEV duoc thuong
mai hoa dau tién. Chién thuat diéu khién cua
n6 da dugc nghién ctu rong rai tir khi xuat
hién trén thi truong vao nam 1997.
ADVISOR, mét cong cu mo phong may tinh
duoc st dung phd bién va manh mé& cho
HEVs, bao gom mot mo hinh tich hop cua
Toyota Prius va dit liéu thiét yéu cia cac cum
chi tiét trong thu vién cua ADVISOR.

Muc dich ctia nghién ctru nay la thyc hién
chién thuat diéu khién thong minh dé cai thién
hiéu suit van hanh cia xe va giam tiéu thu
nhién liéu. M6 hinh toan cua xe da duoc thuc
hién véi cong cu mo6 phong Simulink/MatLab,
bo diéu khién duoc thiét ké tir thanh coéng cu
logic m& cia MatLab. Bo diéu khién tinh toan
mo men kéo yéu cau va phan phdi moé men
X0an, tbec d6 dong co can thiét dé téi wu hoa
vung hoat dong cua dong co, mo to va duy tri
trang thai sac (SOC) hop 1y trong sudt qua
trinh van hanh xe.

Cudi cung 1a phan danh gia hiéu qua
nhitng bo diéu khién dung logic mod thong
qua cac két qua mo phong cia mé hinh HEV
va ADVISOR [1].

2. MO HINH TRUYEN PQNG CAC HE
THONG TREN XE HEV

Toyota Prius st dung mot hé théng
truyen dong hybrid kiéu hdn hop, n6 két hop
ca kiéu ndi tiép va song song dé tbi da hoa
cac wu diém ciing nhu khic phuc cac han ché
clia chung. Mot bo phéan chia cong suat cho
phép dong co dan dong banh xe truc tiép khi
can thlet hodc duoc ngat két nbi dén banh xe
dé sac ac qui [2].

Thong s6 ki thuat caa xe Prius dung mo
phong duoc liét ké trong Bang 1 [3].

Bdng 1. Thong s6 ky thudt ciia xe mé phong

Tén chi tiét Gia tri

Khéi luong xe 1368 kg

Hé s can gio 0.3

Dién tich can gi6 1.746 m?
Khoang cach 2 cau xe | 2.55m

Chiéu cao trong tim 0.569m

Hé s can lan 0.015

Puong kinh banh xe 0.287m

Ti s6 truyén luc cubi 3.93

ICE cong suat toi da/| 43KW/102Nm
mo men X0an @4000rpm

M cong sudl 101 4l 30ku/305Nm
n]igin (;fgg:;] suét tdi da/mo 15KW/55Nm
gi‘;gé;“"”g ac qui /14 g7okwhi2esv

Xing Dong co 1
ﬁ B0 chia
Ac qui -lMé to/may phatl(—l *

Hinh 1. So d6 phdn bo hé thong truyén dgng
lai kieu hon hop.

B6 phdn phoi cong sudt Véi hé banh
rang hanh tinh:

Téc @6 quay cua banh ring bao (@),
banh rang mat troi (@, ) va can dan (@, ) thoa
man mdi quan hé sau [4]:

a)SRS +a)rRr :a)c(Rs+Rr) (1)

Trong d6, Nrva Rs1a ban kinh ciia bénh
rang bao va banh rang mat troi. Trong Toyota
Prius, may phat duoc ndi truc tiép véi banh
rang mat troi1, mo to ndi v6i banh rang bao va
dong co dét trong (ICE) ndi truc tiép voi cac
banh rang hanh tinh. Cac banh xe duoc két
ndi véi banh riang bao qua bo vi sai. Véi ti s6
truyén Vi sai (M, ) va ti s6 (i) gitra banh ring
bao va banh rang mat troi, (1) c6 thé duoc
viét lai nhu sau:

%0) + Weg = Oy (L+1) (2
final

Trong 46, @,, @, va @ lan luot

1a tbc d6 cua banh xe, may phat va dong co.
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Theo phuong trinh (2), mdi quan hé giira
tbc do dong co va tbe do banh xe dugc xac
dinh khong chi bai ty s6 truyén i ma con phu
thudc vao toc d6 may phat.

Téc d6 mod to va tde do banh xe c6 mdi
quan hé:

1
Wy =—— @, 3)
IFflnal
Téc d6 may phat dién duoc xac dinh
. i
= (1+I)a)ICE -, (4)

final
Truc dan dong duoc ndi véi banh ring
bao thong qua bg giam toc cuodi cung Vi ty
so truyén (Fgna ). Do d6 tong moé men kéo tai

banh xe la:
1 1 i
Td = Tm' (Tr +Tay ) = E(TEM + meE j (5)

Trong d6 Tg, Ty, Tem, va Tice lan luot 13
mod men kéo tai banh xe, banh rang bao, mo
to va dong co.

Tinh tiéu hao nhién liéu cua dong co:

Luong nhién li€u ti€éu hao cua dong co
c6 theé dugec mo phong nhu 1a mot ham so6 cua
mo men va toc do goc cua dong co.

m; = f (TICE'O)ICE)

(6)

Trong nghién clru nay, lugng nhién liéu
tiéu hao cua Toyota Prius da dugc udc tinh
bang do thi ddc tinh tiéu hao nhién liéu cua
déng co tir thuc nghiém dugc thé hién trong
hinh 2.
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Hinh 2. Dé thi ddc tinh tiéu hao nhién liéu
cua ICE

Tuong ty, viéc m6 phong mo to va may
phat dién ciing duoc thuc hién dya vao do thi
dic tinh hiéu suit dong co / may phat theo
mo men va toc do. Chung dugc mé ta theo
cac thong b thuc nghiém nhu bang dix li¢u
2-D trong m6 hinh mo phong.

Dong luc hoc cua xe [6]:

Phuong trinh dong luc hoc cua xe theo
hudéng chuyén dong co thé dugc bicu dien
boi:

mvV, =F -C\V -

R, —mgsin(6) @)

Trongdom, g, V,,C,,R ,F,.,va g lan
lwot 1a khdi lwong cua xe, gia toc trong
trrong, van toc xe, hé so can khi dong hoc,
luc doc xe do can lan, luc doc banh xe va do
doc mat duong.

Dong luc hoc banh xe [7]:

bong luc hoc cua banh xe, dugc gop vao
mot banh xe ao, duoc xac dinh boi:

Iwa)w = Td _berake - Fx

(8)

Trong d6 1, Tyme, va I, lan luot 1a
mdé men quan tinh cua banh xe, m6 men
phanh yéu cau cua banh trudc va ban kinh

banh xe.
Trang thdi sac dc qui (SOC) [8]:

Nguon dién cung cip boi dc qui, va
ngudn dién sac ic qui da dugc xac dinh boi

Pbatt = ﬂkTEG wEG + 77 TEM a)EM + Pacc (9)

1 1a hiéu suat chuyén doi co - dién, Pac
la cong suat phu tai dién, k=-1 trong qua
trinh xa va k=1 trong qua trinh sac.

3. THIET KE BQ PIEU KHIEN MO
MEN KEO

Phin nay trinh bay chién thuat diéu
khién dé toi wu hoa tiéu thu nhién lidu cia xe
cing voi viéc duy tri SOC ¢ muc téi wu.
Chién thuat diéu khién phai tuyét ddi tuin
thi theo yéu cau ciia ngudi 1ai.

Cac tiéu chi thiét ké cho bo diéu khién
duoc thiét lap dua vao cac vung lam viéc tdi
uu cua cac bd phan chinh trén xe lai dong
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co-dién nhu: dong co dét trong (ICE), ac qui
nap hoic xa va dong co dién (EM). Theo dd
thi dac tinh ti€u hao nhién li¢u, ving hoat
dong t6i wu cua ICE ¢ téc d6 1500-3500
vong / phut va mé men xodn dau ra tir 60 dén
100 Nm. Tuong tu nhu vay, EM nén duoc
diéu khién dé hoat dong 6 mo6 men xo0dn dudi
150Nm. Vung t6i vu cho qua trinh phong nap
cua 4c qui & mic SOC trung binh khoang tir
0,5 dén 0,7 [5].

Bo diéu khién luc kéo dugc thiét ké theo
cac chién thuat dé xuat sau:

Trudng hop dau tién, khi SOC thap. Néu
mo men yéu cau thép, ICE can duoc diéu
khién dé hoat dong ¢ khu vuc t6i uu. Néu mo
men yéu cAu trung binh hodc cao, ICE dugc
diéu khién dé tao ra mé men cao hon nham
dap ung cd md men yéu cau dong thoi sac bd
sung cho 4c qui (ic qui nap dién).

Truong hop thir hai, khi SOC trung binh.
Néu mo6 men yéu cau thap, ICE duoc tat. Néu
mo men yéu cau trung binh, ICE dugc diéu
khién dé hoat dong ¢ khu vuc téi vu. Tuong
ty, néu md men yéu cau cao, thi ICE dugc
diéu khién dé tao ra moé men trong ving tol
uu. Luong m6 men con thleu duogc cung cap
bdi mé to (do Ac qui cung cap dién).

Dbi véi truong hop Cu01 cung, khi SOC
cao. Néu moé men yéu cau thap hoac trung
binh, ICE nén duoc tit. Xe duoc hoat dong
nhu mot Chiéc xe dién thuan tuy. Néu mo
men yéu cau cao, ICE dugc diéu khién dé tao
ra md men t01 uu. Lugng md men con th1eu
duoc cung cip bdi mé to (do 4¢ qui cung cap
dién).

Tur nhitng phan tich trén, ba tin hi¢u dau
vao ciia bo diéu khién lyc kéo ding logic mo
bao gom md men yéu ciu, SOC va tdc do Xe.
Pé tang tinh tong quat, tat ca cac tin hiéu dau
vao va dau ra duoc chuan hoa trong muc [0,
1]. Cac tin hiéu dau vao nay dugc xac dinh
nhu sau.

Tin hiéu ddu vao mé men kéo yéu cau: 1a
mo men yéu cu tir nguoi lai va dugc chia
thanh sau ham thanh phan khic nhau nhu
trong hinh 3.
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Hinh 3. Mé men kéo yéu cau

Tin hiéu ddu vao SOC: do vung hoat
dong téi wu cua 4c qui tir 0.5 dén 0.7 nén cac
ham thanh phan tap trung trong ving [0,45,
0,75], va phan tan trong nhting vung [0, 0.45]
va [0.75, 1]. Cac chic nang ham thanh phan
dugc thé hién trong hinh. 4.
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Hinh 4. Tin hiéu dau vao SOC
Tin hiéu dau vao toc do xe: tuong tu nod
cling dugc mo ta boi sau ham thanh phan nhu
thé hién trong hinh. 5.
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Hinh 5. Tin hiéu dau vao toc do xe

Hai tin hiéu dau ra ctia by diéu khién
fuzzy 13 md men va téc d6 cua ICE. Cac ham
thanh phan cua dau ra s& bang khong khi
déng co tat (toc do thap) va tap trung chu yeu
khu vuc van hanh t6i wu ctua dong co dét
trong nhu hinh 6 va 7.
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Hinh 7. Tin hiéu dau ra téc dé cua ICE

Dua véao céc tin hiéu dau vao, cac luat
diéu khién dugc xay dung theo chién thuat
mo ta phan trén, két qua tinh toAn mé men va
tbc do dong co dugc biéu dién dang do thi
mat 3D nhu hinh 8.
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Hinh 8. Két qua cua bg diéeu khién bang
logic mo.

4. KET QUA MO PHONG

Thiét lap bo diéu khién mé men kéo va
thuc hién moé phong hoat dong ctaa xe Prius
trong Simulink, st dung ba chu trinh 1ai xe
tiéu biéu ECE-15, NEDC va UDDS. Hinh 9
cho thiy toc do xe mo phong va téc do xe
mong mubn theo chu trinh ECE-15. Van toc
cia Xe gan nhu tring voi téc do xe mong
muébn. Hinh 10 thé hién cac diém hoat dong
cua dong co trén dd thi dic tinh tiéu hao
nhién liéu. Cac diém hoat dong chu yéu tap
trung vao ving tdi wu. Twong tw, hinh 11 va
hinh 12 mé ta cac diém hoat dong caa mé to
va may phat trén dd thi dic tinh hiéu suat cua
chung. Phan nay cic diém hoat dong ciia mo
to ciing nam cha yéu & khu vuc c6 hiéu suét
cao. Hinh 12 thé hién tinh trang sac ac qui
trong khi xe van hanh theo chu trinh ECE-15.
SOC tai thoi diém bat dau va két thuc 1a gan
nhu nhau tai 0,6. Trong suét qua trinh vén

hanh theo chu trinh nay, SOC ciia dc qui thay
do6i nhung luén hoat dong ¢ pham vi toi uwu.
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Hinh 10. Céc diém hoat dgng cua ICE
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EG Efficiency Map [-]

60
., ° 2\ 7S !/u: S
. 5 B S
7 R —— S o
0 _o a\_L_J) il
o ~~
P \ o /D S e
20 : 4
= L0 85— j K L o
= L—08——o 0.75 05—
2
s o
S
5 —o.a——’—x w075\ ————0,8—
vl 8! oo 5
20 ' ® <T -
~
L Js
-40 ——: S AR 3 85—
N & =3 ,
“ / & T s@a \
N, o e
—0.5
-60
6000 -4000 2000 o 2000 4000 6000

EG Speed [r/min]

Hinh 12. Céc diém hoat dong cuia EG



Tap Chi Khoa Hoc Gido Duc Kj Thudt Sé 53 (07/2019) 77
Truong Dai Hoc Sw Pham Ky Thugt TP. Ho Chi Minh

)
a

I SN~

V V \Y

100 200 300 400 500 600
Time [s]

Battery SOC [%]
[}
o

4]
o

Hinh 13. Sir thay d6i SOC cua dc qui trong
chu trinh ECE-15

'Dé danh giad hoat dong cia cac bo diéu
khién vira thiét ké, két qua mé phong trén da
dugc so sanh vai két qua mo phong khong sir
dung logic mo cua ADVISOR. Bang 2 cho
thiy cac két qua cia mo hinh diéu khién
logic mo (FLC) va ADVISOR trong cac chu
trinh tht cu thé.

Bdng 2. Tiéu hao nhién liéu va hiéu nang.

M FLC |ADVISOR[Két qua

Y€ IL/100km|(L/200km)| (%)
ECE-15 4.32 6.27 31.1
NEDC 3.71 509 27.11
UDDS 3.89 486 119.96
Thot gian
tang toc tur 11.2s 16.2s 5s
0-100 km/h

Tir so sanh trén ta thdy mo hinh thuc
hién vai chién thuat diéu khién logic mo moi
da dat duoc hiéu qua tét hon trong cac qua
trinh mo6 phong theo cac chu trinh thur khac
nhau. T4t ca cac bo phan chinh cua xe lai nhu
ICE, EM va ic qui dd duoc van hanh & cac

ving toi vu. Tinh kinh té nhién liéu da ting
lan Tuot 31,1%, 27,11% va 19,96% tuy theo
chu ky 14i xe ECE-15, NEDC va UDDS, kha
nang tang tdc ciing tang tir 16,2 1én 11,2 gidy
& tée do tir 0 dén 100 km/h. Do d6, viéc dé
Xuét chién thuat diéu khién duoc thiét ké tur
db thi dac tinh hiéu suat (ICE, EM va ic qui)
da thanh cong trén hé théng HEV kiéu hdn
hop.

Tir két qua trén, mo hinh thyuc hién véi
bo diéu khién phan phdi lyc kéo dung logic
mo da dat duoc hiéu qua cao trong qua trinh
phan phdi cong suat va quan 1y ning luong,
dac biét la khi xe van hanh trong d6 thi
(ECE-15).

5. KET LUAN

Bo diéu khién lyc kéo tng dung logic
mo cho xe lai dong co-dién kiéu hdn hop da
dugc thuc hién va chung minh sy thanh cong.
Bo diéu khién luc kéo méi gitp t6i wu hoa
hiéu suat hoat dong cua ting thanh phan
chinh c4u thanh xe lai trong viéc phan phdi
dong cong suit khi xe van hanh. Két qua
mang lai hiéu suat tot hon va tiét kiém nhién
liéu dang ké.

Bo diéu khlen phan phdi lyc kéo ludn
dap tng cac yéu cau cua qua trinh diéu khién
theo tin hiéu ban dap ga, ac qui luén cung
cap du ning luong dap ung theo ting ché do
van hanh cua xe HEVS va ludén dam bao su
6n dinh cua xe trong subt qua trinh van hanh
va tiét kiém nhién ligu.
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