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force distribution model was developed in MATLAB/Simulink and
evaluated through different driving cycles, including UDDS, NEDC,
URBAN, and WLTC. Simulation results indicate that the proposed strategy
significantly improves energy recovery efficiency. Specifically, the energy
recovery efficiency is 40 % for URBAN, 37,54 % for UDDS, 30,75 % for
WLTC, and 26,92 % for NEDC cycles, respectively. These results confirm
the effectiveness of the proposed regenerative braking force distribution
control strategy.
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THONG TIN BAI BAO TOM TAT

Ngay nhan bai: 22/04/2025  Kha ning thu hdi dong ning 1a mot loi thé von c6 cua xe hybrid. Do tich

o hop hé thong phanh tai sinh. Cau tric, thiét ké va co ché diéu khién cua xe
Ngay hoan thién: 23/05/2025 hybrid khac biét dang ké so véi cac phuong tién st dung phanh co truyén
Ngay chap nhan dang: 19/08/2025 théng. Trong do, thuat tog’m diéu khién dong vai tro quan trong trong viéc

. toi wu hoa kha nang thu hoi nang luong trong qué trinh phanh. Nghién ctu
Ngdy ding: 281172025 sy tap trung vao chién luoc phan phdi luc phanh ti sinh trong hé théng
TU KHOA hybrid dién c6 cau trdc hdn hop. Chién luge diéu khién dwoc thuc hién qua

I » hai giai doan: giai doan dau tién vu tién phan phdi luc phanh Ién truc trudc
Xe Lai Bong Co —bién (HEV); nhim dam bao tuan thi quy dinh ECE va dwong cong phan phéi luc phanh
Hé Théng Phanh Téi Sinh (RBS); ly tuong. Giai doan thur hai su dung bo diéu khién logic mo dé ti uu su
phbi hop gitra lyc phanh tai sinh va luc phanh co hoc. Bo diéu khlen mo cd
ba dau vao: téc do xe, cudng do phanh va trang thai sac cua ic quy. Mo
Trang Théi Sac (SOC); hinh phan phdi lyc phanh dwoc xay dung trén MATLAB/Simulink va dugc

. . A s danh gié qua cdc chu trinh 14i khac nhau nhu UDDS, NEDC, URBAN va
Hiéu Qua Thu Hoi Nang Luong (ERE). WLTC. Ket qua mo phong cho thy chién luoc de XUét giup cai thién dang
ké hiéu suit thu hdi ning lwong. Cu thé, hiéu suat thu hdi nang luong 1an
luot dat 40 %, 37,54 %, 30,75 % va 26,92 % tuong ttng Vvoi cac chu trinh
URBAN, UDDS, WLTC va NEDC. Nhiing két qua nay khang dinh tinh

Phan Phéi Luc Phanh (BFD);
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hié,u qua cua chién lugc diéu khién phan phdi lyc phanh tai sinh dugc dé
Xuat.
Doi: https://doi.org/10.54644/jte.2025.1886
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1. Gigi thiéu

Trudc nhu cau tiét kiém nang lugng va giam phat thai, xe hybrid (HEV) tr¢ thanh giai phap hiéu qua
nho két hop dong co dét trong vai truyén dong dién. Mot uu diém noi bat 1a kha nang phanh tai sinh,
chuyén dong ning khi phanh thanh dién ning nap cho ic quy, giup ting hiéu suat va giam hao mon
phanh.

Hi¢u qua thu hoi phu thuc vao toc do xe, trang thai sac ac quy (SOC), chién luoc phdi hgp phanh
dién — phanh co, cling nhu dicu kién lai [1]. Do 4o, t6i uu hda phan phoi Iug: phar!h la yéu t6 then chot
dé vira dam bdo an toan vira nang cao kha néng thu hoi. Cac phuong phap dicu khien hién dai nhu mang
no-ron, diéu khién mo, hay thuat todn bay dan co thé thu hoi 10 - 35 % nang luong [1] - [4].

Trong do, diéu khién mo t6 ra higu qua nho xu 1y tét tinh phi tuyén va khong chac chan. Bang cach
phan phai linh hoat luc phanh theo toc d, yéu cau giam toc va SOC. Phuong phép nay vira dap ang yéu
cau phanh, trdnh b6 cttng banh xe va nang cao hiéu qua thu hoi nang luong.

2. Phan tich hé théng phanh ciaa xe Hybrid
2.1. So dé hé théng thu héi ning Iweng phanh

Trén xe hybrid, qua trinh giam téc c6 thé tan dung ning luong quan tinh dé tai sinh. Khi giam téc,
mo-to dién MG2 hoat dong nhu may phat, bién dong nang thanh dién nang nap lai ac quy cao ap. Hé
thdng phanh hybrid vi vay két hop giita phanh téi sinh bing dong co dién va phanh co hoc thay lyc.

Trén xe din dong cau trudc, chi cau trude tham gia phanh téi sinh, trong khi cau sau van dung phanh
co hoc. Do tai trong don vé truéc khi giam tdc, can didu chinh phan phdi luc phanh giira hai cau dé gii
on dinh va tranh bé ctiing banh sau. Bo phan phéi luc phanh dam nhiém viéc phan chia &p suit dau hop
ly, @dng thoi phdi hop hoat dong gitra hai loai phanh.

Hinh 1 minh hoa so dd ciu trtic hé théng phanh trén mot xe dién dan dong cau trude. Hé thdng phanh
hén hop gom md-to dién, phanh thay luc, ac quy va bo diéu khién dién tir. Phanh thay luc tao luc hdm
bang &p sut dau, con phanh tai sinh chuyén d6i mé-to sang ché d6 may phat d& ham xe va tao dién
ning. B diu khién dién tr thu nhan tin hiéu tir ban dap phanh, téc d6 xe, SOC va dién ap pin dé xac
dinh y dinh phanh, tir d6 quyét dinh phéi hop phanh dién — phanh co. Néu c6 thé thu héi, luc phanh
dugc phan phdi hop ly. Néu khdng, phanh thay luc s& dam nhan hoan toan dé bao dam an toan.
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Hinh 1. So d6 hé thang phanh.
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2.2. Phwong trinh dopng luc hoc

Khi xe chay trén duong thang, mat duong kho réo va hé sé bam hai bén dong déu, dong co va mo-
to 1a ngudn cdng suat chinh. Khi phanh, cam blen ban dap gui tin hiéu dén bo diéu khién dé xac dinh
tong luc phanh. Luc nay dugc phan phéi gitra cau trudC — cau sau va giita phanh co — phanh tai sinh.
M©6-to dién tao mo-men phanh tai sinh, bién mot phan dong ning thanh dién ning luu trit trong 4c quy.
Qua trinh nay tuan theo phuong trinh dong hoc cua 6 to hybrid: [5]

F=F+FR+F+F

Tili 2 1
Zulolr COSO{-G—WSinO!-FCdA +6m du (0
r 21,15 dt

Trong do: F; : Lyc can lan, K, : Luc can gi6, F: Luc can déc, F: Luc quan tinh, Ty : M6 men
x04n dau ra dong co dién, iy : Ti s6 truyén dong, i, : Ti s6 truyén lyc cudi, W : Trong lugng toan tai cua
xe, f: Hé sb can 1an, Cq : Hé s6 can gio, u : Toc do xe, m : Khéi lwgng toan tai xe, du/dt: Gia toc , o: Hé
s0 chuyén doi khoi lwgng quay, r: Ban kinh 1an ctia banh xe, nr: Hiéu suat co hoc caa hé thong truyen
dong.

Bang 1. Thong sé ki thudt xe Toyota Cross Hybrid [6]

Thong sb xe Giatri
Khdi lwong toan tai /kg 1850
Chiéu dai co s¢ /m 2,64
Chiéu cao trong tam xe /m 0,624
Khoang cach tir trong tam dén truc sau /m 1,056
Dién tich can gié /m? 2,21
Hé sb can gi6 0,32
Dién ap cuc dai 4c quy 201,6
Cong suit cuc dai MG2 /kW 53
Momen xoin cuc dai /N.m 163

3. Nguyén ly phan phéi luc phanh giira ciu trwéc va cau sau
3.1. Pwong cong phan phéi lwe phanh Iy twong |

Duong cong phan bé lyc phanh 1y tudng xac dinh cach phan phéi luc gitra truc trudc va truc sau
nham ti vu hiéu qua phanh trong moi diéu kién bam dudng. Muc tiéu la dam bao banh trudc va banh
sau khéa dong thoi, tan dung tdi da lyc bAm va duy tri 6n dinh huéng chuyén dong, dac biét trong phanh
khan cap. Hinh 2 minh hoa dudng cong nay, dugc biéu dién bang phuong trinh [7].

1w 4h L Wb
Fpo==|—,bP+——F, —-| —+2F
xR Zlh W XF (hg XFJ:| (2)

9

Trong do: Fie: Luc phanh tac dung 1én banh sau, Fxr: Luc phanh tac dung 1én banh trudc, hg: Chiéu
cao trong tdm xe, L: Chiéu dai co s¢ cua xe, b: Khoang cach tur trong tam dén cau sau.
3.2. Duong cong quy dinh phanh ECE

Nham duy tri sy 6n dinh huéng chuyén dong va hiéu qua phanh cho hé théng phanh 6 t6, quy dinh
phanh ECE R13 do Uy ban Kinh té Chau Au ban hanh da thiet 1ap cac tiéu chuan chi tict ve luc phanh
tac dung 1én banh trudc va banh sau doi véi xe hai cau [8].
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Déi vai cac loai xe co hé s6 bam dudng dao dong tir 0,2 dén 0,8 va luc phanh can théa mén diéu
kién:

2>0,1+0,85(1—0,2) 3)
M&i quan hé giira lyc phanh cau trudc va cau sau duoc thé hién bang phuong trinh:
e +Fg)’
M(Fe +Fa) | B+ (1 0,07m,)+ 297M92 o g5F, —0 @)
mgL L

3.3. Tdp dwong f, r

Luc phanh téi ¢da ma mat duong ¢ thé chiu duoc phy thugc vao hé sé bam duong .

Tap duong f ding dé khao sat luc phanh tiép x(c gitra I6p va mét duong cia banh trude va banh sau.
Trong truong hop banh trudc bi bo ciing con banh sau chua bi bd cing. Moi quan hé dugc thiét 1ap nhu
sau [8]:

L—puh Wb

= s IO
xR /,Ihg xF hg (5)

T

Tap hop duong f véi cac gia tri khac nhau cua hé s6 bam c6 giao diém tai truc tung Fyz tai gid tri
-Wb/hg va tat ca cac duong f déu di qua diem (0, -Wb/hy).

Tap duong r ding dé khao sét lyc phanh tiép xuc giira 16p va mét dudng cua banh truéc va banh
sau. Trong truong hop banh sau bi bd cung con banh trude chua bi bo cing. Moi quan hé dugc thiét
lap nhu sau:

F — _'Uhg /U\Na
B Lauhy T L+ ph

(6)

Tap hop dwong r véi cac gia tri khac nhau ciia hé s6 bam c6 giao diém tai truc tung Fye tai gid tri
Wa/hg va tat ca cac duong r déu di qua dieém (Whb/hg, 0).

Giao dlem gitra tap hop duong f va r biéu thi trang thai banh trudc va banh sau khoa dong thoi.
Puong ndi giita cac diém giao nhau nay chinh 1a duong cong phan phéi luc phanh 1y tuéng 1.

3.4. Phan phéi luc phanh gia bdnh truwéc va banh sau

Phan phéi lyc phanh giita ciu truéc va cau sau anh hudng truc tiép dén do on dinh va kha ning bam
duong khi phanh. H¢ thong phan phoi luc phanh ¢o dinh chi toi wu khi h¢ s6 bam tring véi gia tri thiet
ke, néu khong dé gay bo cung banh va giam hiéu quéa phanh, dong thoi khong phan anh thay doi tai
trong hay dieu kién mat duong. Trén xe hybrid, viéc dieu khién phan phoi lyc phanh con gilp t6i wu thu
hoi nang lugng. Do do, bai bao d€ xuat chien lugc phan phoi luc phanh nhicu giai doan, ket hop duong
cong | va tiéu chuan ECE dé nang cao hi¢u qua theo tirng mic d¢ phanh.

Theo Hinh 2, qua trinh phanh duoc chia thanh bon giai doan duya trén cuong do phanh: phanh thap,
phanh trung binh, phanh cao va phanh khan cap [5].

Khiz<0,15 cuong dg phanh nhe. Doan AB thé hién banh trudc cung cip toan bg lyc phanh can thiét
cho xe ta c6 quy luat phan phdi luc phanh nhu sau:

Fr =Wz ™
Fr=0

Trong d6 Fye va Fyr lan luot 13 luc phanh cia ciu trudc va cau sau.

(1) Khi lyc phanh z; < z < z;, doan BC, theo quy dinh ECE nén phan phdi luc phanh trudc va sau
phai dugc bo tri phia trén duong cong M, do d6 trong truong hgp nay, banh truée va banh sau
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cung cap luc phanh cung mot Iac, tranh hién tugng bi bé cung banh sau hoac truot 1ét, nguyén tac
(3)

phan phdi nhu sau:
F, - z+0,07W W o+zn)
0 85 L
FxR =Wz- FxF

(2) Khi lyc phanh 1a z, < z < zs, doan CD, khi lyc phanh tang thi kha nang khoa banh trudce tang. De
dam bao luc phanh cau trudc khong vugt qué’ luc ma hé;o badm mat duong co thé cung cap, luc

phanh banh sau cling tang phu hop. Nguyén tac phan phoi nhu sau:

w

T“(b+ zh,)

I

FxF =
L—uh )
FxR = FXF [ ﬂh :
9

h

]

(3) Trong trudng hop phanh khan cap, khi cuong d6 phanh z > 0,7 doan DE. Trong di€u ki¢n nay luc
phanh cua banh trudce va banh sau dugc phan phoi theo duong cong |, ca cau trudc va cau sau deu
khoa dong thoi dé toi vu hoa viéc sur dung d6 bam duong, nguyén tac phan phoi nhu sau:

b+zh,
FxF =W H L
10
E oW a-tzh, (10)
=Wy
xR L
e D6 thi phan phéi lwc phanh truc trwdc, truc sau
‘\\\\'\,\“ ”\\k"\\\' \'HV\\\V Budng cong |
) e 3 i T~ Budng cong ECE
3000 = | Sin ~\_ = N v
\ i ST : | E
2500 <\ = = N—f
— 2000 \Ttine [ |
Z SR | / | x
© = = /
=< - (| | I /
L 1500 T | | /
/ [
I X2 i | | J‘
S |
1000 X | \| N\ fiinpe [\
i [ / / [ | / [
500 | / / [
KX AL AN
LN BL/ ! f [ [
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

0
FxF (N)

Hinh 2. D6 thj diéu khién phan phéi liee phanh banh triréc va banh sau

4. Thuat toan diéu khién thu hdi niing lweng phanh

4.1. Chién lwgc diéu khién thu héi nang lwong téi wu
Diéu khién mo tng dung toan hoc ma két hop kinh nghiém va ly thuyet dicu khién dé xur ly cac hé

thong phuc tap ma md hinh toan hoc kho mo ta. Trong xe hybrid dan dong cau trudc, huc phanh cau
truéc can dugc phan phdi gitta phanh co khi va phanh tai sinh. Do qua trinh nay chiu nhiéu yéu té anh

huong va khéng co6 mé hinh rd rang, diéu khién mo 1 phuong phép t6i uu
Ba tham so toc do xe, cuong do phanh va trang thai sac pin ($OC) duoc dung lam dau vao, va h¢ so

ty I¢ luc phanh tai sinh kis duoc st dung 1am dau ra bo dieu khien mo. Tich hop bo diéu khien mo vao
chién lugc phan phdi luc phanh gidp phan phdi lyc giira cau trude - cau sau va giita luc phanh co khi -
tai sinh & cau truéc. Hinh 3 minh hoa ciu trdc chién luoc nay.

92
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Quy dinh phan FxR Cuc
Ehé)i luc phanh Chién lwgc phan ”F:bafl'lh Fthuyluc
dy lwe 5
Théng sb xe ‘F’:‘F" 'E:Rpha”h PxF X Fthuyluc h'\i/lnoh
Hé so dong
tile luc
= Thust phanh [gc | Faisinh | hoo xe
v toan didu Kis _ | taisinh phanh
2 . tai sinh
soc | khienmo Ftaisinh

Hinh 3. So do chién ligc diéu khién mo thu héi nang lirong
4.2. Thiét ké bé diéu khién mo
4.2.1. Bé dieu khién mo

Diéu khién mo 1a mot dang diéu khién thong minh dya trén chién lugc hodc hanh vi ciia mot doi
tuong dicu khién théng qua viép str dung kién thicc chuyén mén. Kién thic nay dugc thé hién dudi dang
If - Then (Néu - Thi) va cac bién ngbn ngi.

Co s& luat mey

P

» Ciai doe”:m lam > May suy luan Giai do?n giai
mé mo&

Hinh 4. Cdu tric bé diéu khién mo

ThuatToanFuzzy

(mamdani)

\

Hinh 5. Bé diéu khién mo dang Mamdani

So d6 hinh 4 minh hoa cAu tric bo diéu khién mo, gom 5 thanh phan chinh: bién mo, giai doan m
hoa, co s¢ kién thirc chuyén mdn, may suy luan, giai doan giai mo [9].

Ham thanh vién (Membership function): Gaussian cho céc bién dau vao va dau ra dugc biéu dién
dudi dang Gaussian [10]:

_(y-¢?

{(y.6,0)=e 2 (1

Trong d6: y 1a gié tri dau vao (bién doc lap, co thé 1a z, soc, u); s la vi tri trung tdm caa dudng cong
(tuc 1a vi tri dinh cua ham thanh vién), ¢ 1a do rong cta duong cong (d¢ lan toa cia ham Gauss).

Trong nghién ctiu nay, truong hop phanh khan cip hogc khi phanh & téc do cao dé dam bao an toan
trong diéu khién xe thi momen phanh tai sinh bang khong, chi sir dung luc phanh co khi. Trong truong
hop xe di chuyén voi toc d6 thap sir dung phanh téi sinh 1a khong hiéu qua vi hiéu suat dong co dién
thap.

Trong hé théng bién dau vao va dau ra duoc md hoa nhu sau:
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Bién dau vao:

_Cuong d phanh (z) c6 mién gid tri z =[0,1], tap md la: thap, trung binh, cao va rat cao. Khi cuong z
thap, hé so phan phoi phanh tai sinh kis ting d€ toi uu héa thu hoi nang luong. Vi z trung binh, ty I¢
phanh tai sinh tiép tuc dugc wu tién. Khi z cao hoac duong tron hoac tai trong I6n ki giam wu tién st
dung phanh co khi d¢ dam bao an toan.

‘Tdc do xe (u) co mién gia tri u =[0,140] km/h, tap mo Ia: thap, trung binh, cao va rét cao. O toc do
thap, phanh co khi dugc vu tién do dong co dién khf)r]g tao du luc phgnh. O toc do trung binh va cao,
phanh tai sinh tang dan dé t6i wu thu hoi nang lugng dong thaoi duy tri 6n dinh xe.

Trang thai sac (SOC) c6 mién gia tri SOC =[0,1] véi tap mo : thap, trung binh, cao va rat cao.

- SOC <10 % : Giam luc phanh tai sinh dé tranh dong sac cao lam hu pin.

- 10% < SOC < 90% : Tang luc phanh tai sinh dé t6i wu thu hoi nang lugng ma van an toan cho

pin.

- SOC > 90% : Giam lyc phanh tai sinh dé tranh hién tugng ma lithium va giam hiéu suit pin.

Khi trang thai sac (SOC) cao thi h¢ s kis giam, dan dén thu hoi nang luong it hon. Diéu chinh nay
dugc thyc hién nham ngan ngira viéc sac qua mirc va cac tac dong xau dén tuoi tho cua pin. Hé so kis ty
1é nghich véi trang thai sac (SOC). Ty I¢ thuan véi cuong d6 phanh tai sinh z.

Bién dau ra: Heé sd ty Ié phanh téi sinh (ki) c6 mién gia tri ks= [0,1], tap mo la (SL, L, M, H, SH).

- Kis nhé: Dong co dién tham gia it vao qua trinh phanh, thu hdi ning luong thap.

- Kis16n: Pong co dién tham gia nhiéu, ting thu hdi ning lugng.

Trong do:

SL, L, M, H, SH Ia trang thai thé hién gia tri lan luot la “rat thap”, “thip”, “trung binh”, “cao
cao”.
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Hinh 6. Ham thanh vién bé diéu khién mo
4.2.2. Lugt mo

Céc quy tic mo dugc xay dung dya trén chuyén mon va kinh nghiém thyc tién dé toi wu hiéu qua thu
hdi nang luong, duy tri su 6n dinh khi phanh va bdo vé tudi tho pin. Cac quy tic nay diéu khién phan
phdi luc phanh den truc trudc theo dang If - Then, phan 4nh méi quan hé giira toc do xe, cudng do phanh
va SOC véi hé s6 phan phdi phanh téi sinh ki [11]:

Luat mo Ti: Néu z 1az, SOC 1a SOC;, v I1av; Thiks laks, i=1,2,...,n

Trong d6: zi, SOC;, vi, ki lan luot 12 tap mo cuong do phanh, van téc, trang théi sac, ti 1é luc phanh.
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Hinh 7. Biéu do 3D thé hién két qua cia bé diéu khién mor

Lap lugn mo (fuzzy logic reasoning) dua trén logic mo 1a mot phuong phap suy luén trong mdi truong
khong chac chan. Mot s6 phuong phap nhu Baldwin, Tsukamoto, Mizumoto, Zadeh da dugc dua ra.
Trong d6, phuong phap Zadeh bao gom cac phép toan Max, Min.

“Ham Min(A,B) duoc sir dung dé phan tich ménh dé A va B. Gia trj mirc do thanh vién cua k dwoc
thé hién nhu sau [12].

2 (k) =min{ 7N} (2), xN;(SOC), yNj(u)} (12)
Trong d6: yW; (Kg); N, (2); ¥N3(SOC); N.(u)lan lugt Ia mic d¢ thanh vién cia kisi ; ; SOC; u.

Bang 2. Ludt mo (Fuzzy Rules)

Input Output Input Output Input Output Input Output
z soc u k zZ soc u k z soc u k z soc u k
H H SH SL L SH SH SL M H SH M SH L SH L
H H H L L SH H L M H H M SH L H M
H H M L L SH M M M H M H SH L M M
H H L M L SH L H M H L H SH L L H
SH H SH SL H M SH L L H SH L M L SH L
SH H H SL H M H L L H H H M L H M
SH H L H M M M L H H M L H
SH H L L H M L M L H L SH M L L SH
M SH SH SL SH M SH SL H L SH L L L SH M
M SH H L SH M H L H L H M L L H H
M SH M SH M M L H L M M L L M SH
M SH L H SH M L M H L L H L L L SH

5. Phan tich két qua md phéng
5.1. Po thi phan phai luc phanh cdu trwéc va cau sau

Hinh 8 thé hién phan phdi luc phanh ciu truéc va cau sau trong bén chu trinh. G chu trinh NEDC
va WLTC, cudng do phanh < 0,15, Iuc chi yéu phan phdi cho cau truéc, cau sau gan nhu khong c6 luc
phanh. Trong chu trinh URBAN va UDDS, luc phanh cau trude vuot troi, uu tién phan phéi luc phanh
Vé cau trudc, dac biét chu trinh URBAN do phanh nhiéu va gap nén luc phanh cau trudc doi khi ting
vot.
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D4 thi phidn phdi lyc phanh cdu trudc va du sau FlFIFxR-(N)-NEDC
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Hinh 8. P th; phan phai luc phanh cau rriréc va cdu sau cia bon chu trinh URBAN, UDDS, WLTC, NEDC

5.2. Pé thi phan phai luc phanh tai sinh va lec phanh thay luc

D6 thi lwc phanh tai sinh va thiy lwc Ftaisinh1/Fthuyluc-(N)-Urban
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Hinh 9. P th; phan phai luc phanh tai sinh va thuy luc cia bon chu trinh URBAN, UDDS, WLTC, NEDC

Hinh 9 thé hién phan b luc phanh tai sinh (xanh) va luc phanh thiy e (d6) theo thoi gian trén cau

truc trong bon chu trinh lai: URBAN, UDDS,

WLTC va NEDC. Chu trinh URBAN c6 luc phanh dao

d6ng manh, mat d6 cao, cuc dai khoang 5700 N; phanh tai sinh chiém wu thé ¢ cac pha giam téc nhe —

trung binh, phanh thuy luc bé sung khi luc phal
0 - 2650 N vei tan suat cao, phanh tai sinh hoat
uu thu hoi nang lugng. WLTC xuat hién lyc p

nh I6n, phéi hop higu qua. UDDS ¢6 luc phanh chii yéu
dong on dinh, phanh thuy luc ho trg khi can luc lon, toi
hanh tan suat trung binh, phan bo khong déu; phanh tai

sinh hiéu qua trong cac pha khai dong va tit dong co, phanh thay luc can cho giam téc manh. NEDC c6

JTE, Volume 20, Issue 04S1(V), 11/2025

96


mailto:jte@hcmute.edu.vn

JTE TAP CHI KHOA HQC GIAO DUC K\? THUAT
Trudng Pai hoc Su pham Ky thuat Thanh pho H6 Chi Minh
HCMUTE Website: https:/jte.edu.vn

ISSN: 1859-1272 Email: jte@hcmute.edu.vn

bién d6 va tan suat lyc phanh thap, chu yéu sir dung phanh thiy luyc, phanh tai sinh dong gop nho do it
pha phanh. Nhu vay, hiéu qua phanh téi sinh phu thudc vao dac tinh chu trinh: URBAN va UDDS c6
tiém ning thu hoi nang luong I6n nho tan suat va luc phanh phi hop, trong khi NEDC hiéu suat thap.
Chién luoc diéu khién phéi hop phanh can diéu chinh theo diéu kién van hanh dé téi vu hoa thu hoi
nang luong.

5.3. Pé thi trang thai sac

Db thi SOC (%)-UDDS D4 thi SOC (%)-Urban
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Hinh 10. 6 th; trang thai sac SOC cua bon chu trinh URBAN, UDDS, WLTC, NEDC
Bang 3. So sanh hiéu qua thu hoi nang phanh tdi sinh

Thei  Quang Diéu kién khong c6 phanh tai sinh  Diéu kién c6 phanh téi sinh

Chutrinh gian dwong soc(e) SOC(%) A4SOC  SOC(%) SOC(%) 4socl —&(%)

) (km)  panddu cudicung (%) bandau cudicung (%)

URBAN 1986 9,74 90 48,41 41,59 90 65 25 40 %
UDDS 2738 23,98 90 19,09 70,91 90 45,71 44,29  37,54%
WLTC 3222 22,86 90 45,49 44,51 90 59,18 30,82 30,75%
NEDC 2360 22,04 90 24,93 47,55 90 42,45 65,07  26,92%

Trong bén chu trinh thir nghiém, duong SOC véi phanh tai sinh luén cao hon so véi khdng ¢ phanh
tai sinh, ching té hé thdng nay gidp han ché sut SOC va thu hdi ning lwong hiéu qua, véi hiéu suat trén
26 %. Chu trinh URBAN (quéng duong 9,74 km) c6 tan suét phanh cao, dic trung dé thi vai phanh -
dirng lién tuc, hiéu suét thu hoi dat 40 %, cao nhat. UDDS hiéu qua rd rét véi 37,54 %, xép thir hai.
WLTC (22,86 km) dat 30,75 %, cho thiy kha ning tai sinh phu thudc vao kiéu phanh va mat do phanh,
khéng chi phu thudc vao do dai quing duong. NEDC (22,04 km, toc do on dinh) hiéu suit thip nhit
26,92 % do it thay ddi phanh va téc do 6n dinh. Nhu vay, hiéu qua phanh tai sinh phu thugc vao tan
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suét, kicu phanh va dgc tinh chu trinh, véi moi trudng d6 thi va chu trinh c6 nhiéu pha phanh - ding tao
dieu ki¢n tot nhat d¢ thu hoi nang lugng.

5.3. Pé thi dong dién ciia Motor

- D6 thi dong dién Motor-imt(A)-NEDC D6 thi dong dién Motor-imt(A)-WLTC
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Hinh 11. D6 thi dong dién ciia Motor cia bén chu trinh URBAN, UDDS, WLTC, NEDC.

Hinh 11 thé hién dong dién cua Motor trong cé&c chu trinh URBAN, UDDS, WLTC, NEDC. Khi xe
tang toc (gia tbc duong), dong dién di vao Motor (dwong) dé cung cip mé-men dan dong. Khi xe giam
téc (gia toc am), dong dién ra tir Motor (4m) dé sac pin trong qué trinh phanh tai sinh. Dong xa cuc dai
Ian luot 12: UDDS 48,59 A (I6n nhit), URBAN 40,17 A, WLTC 17,24 A (bé nhit), NEDC 39,61 A.
Dong sac cuc dai lan luot 1a: URBAN -30,68 A, WLTC -20,21 A (bé nhat), NEDC -48,04 A (16n nhét),
UDDS -31,81 A.

6. Két luan

Nghién ctru da dé xuat va trién khai mot chién lugc diéu khién phan phéi lyc phanh tai sinh sir dung
diéu khién mo trén xe hybrid din dong cau trude. Chién luoc gom hai giai doan phan phdi: 1an thir nhat
nham dam bao tuan thi quy dinh ECE va phan phdi lyc phanh 1y twéng, lan thi hai sir dung bo diéu
khién mo véi cac dau vao gom toc do xe, cudng do phanh va SOC dé tdi wu su phdi hop giira luc phanh
dién va co hoc. M6 hinh duoc xay dung trén nén tang Matlab/Simulink va kiém nghiém trén cac chu
trinh 14i thuc té nhu UDDS, NEDC, URBAN, WLTC. Két qua cho thiy hiéu qua thu hdi ning lugng dat
dugc lan luot 12 37,54 %, 26,92 %, 40 % va 30,75 %, cho thay tinh hiéu qua rd rét caa chién luge dé
xuit. Hudng phat trién tiép theo cua nghién ciru ndy sé tap trung vao kiém nghiém thuc nghiém trén mo
hinh xe thyc té, tng dung cam bién thong minh dé nang cao do chinh xac, va ma rong so sanh véi cac
phuong phap diéu khién tién tién nhu hoc sau hoic hoc ting cuong. Bén canh do, viéc danh gia toan
dién vé moi truong, chi phi — lgi ich va kha ning tich hgp Al ciing sé& 1a nhiing huéng di quan trong
nham nang cao tinh (ng dung va hiéu qua cua hé thdng phanh tai sinh.

Lol cam on
,Nh(')m tac gia gui 161 cam on dén Truong Pai hoc Su pham Ky thuat TP. HCM di hd trg co sé vat
chat trong suot qua trinh nghién ciu.
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