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TOM TAT

Hé thong phanh tdi sinh la mét gidi phdp quan trong giip tdn dung ddng ning cia xe dé
chuyén héa thanh dién néing, tir d6 gia tang hiéu sudt sir dung nang lwong va mo réng pham vi hoat
dong cua xe dién. Nghién cuu nay tdp trung vao mo phong qua trinh phanh tdi sinh trén xe VinFast
VF3 bang MATLAB & Simulink, nham ddanh gid hiéu sudt thu héi nang heong va tac dong dén mirc
do sac pin.

Mo hinh mé phong dwoc xdy dung dwa trén cdac phwong trinh dong luc hoc cua xe, trong do
xét dén cdc yéu 16 nhu toc dé xe, mé-men ham dong co va diéu kién van hanh thuc té. Thudt todn
diéu khién phanh tdi sinh dwoc thiét ké dé t6i wu qud trinh chuyén doi nang lwong, givip cdi thién
hiéu sudt thu hoi nang lwong ma khéng dnh huwong dén cam gidc ldi.

Két qua mé phong cho thdy ty Ié sac pin c6 thé ting khodng 18% khi sit dung phanh tdi sinh
S0 Vi hé thong phanh théng thieong. Ngodi ra, nghién ciru ciing thuwce hién phdn tich tic dong cia
cdc diéu kién ldi xe khdc nhau, bao gom toc do cao, toc do thap va diéu kién dirng xe, dé danh gid
kha nang thu héi ndang lwong trong tirng truong hop. Két qua chi ra rang hé thong phanh tdi sinh
hoat déng hiéu qua nhdt trong méi trieong do thi, noi xe ¢é nhiéu tinh huéng phanh - tang toc lién
tuc.

Nghién citu ndy cung cdp co sé khoa hoc va thie tién cho viéc phat trién hé thong phanh tdi
sinh trén xe dién, giup toi wu hoa hiéu suat nang lwong va gop phan giam tiéu thu dién nang trong
qua trinh vdn hanh.

Tw khéa: Phanh ham tdi sinh; MATLAB; VF3; ISO 26262; SOC%.
ABSTRACT

The regenerative braking system is a crucial solution that utilizes the vehicle's kinetic energy
to convert it into electrical energy, thereby enhancing energy efficiency and extending the driving
range of electric vehicles. This study focuses on simulating the regenerative braking process on the
VinFast VF3 using MATLAB & Simulink to evaluate energy recovery efficiency and its impact on
battery charging levels.
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The simulation model is built based on the vehicle's dynamic equations, considering factors
such as vehicle speed, braking torque, and real-world operating conditions. The regenerative
braking control algorithm is designed to optimize the energy conversion process, improving energy
recovery efficiency without compromising driving comfort.

Simulation results indicate that battery charging levels can increase by approximately 18%
when using regenerative braking compared to conventional braking systems. Additionally, the
study analyzes the impact of different driving conditions, including high-speed, low-speed, and
stop-and-go scenarios, to assess energy recovery potential in each case. The results show that
the regenerative braking system operates most efficiently in urban environments, where frequent

braking and acceleration occur.

This study provides a scientific and practical foundation for developing regenerative braking
systems in electric vehicles, optimizing energy efficiency, and contributing to reducing overall

energy consumption during operation.

Keywords: Regenerative braking; MATLAB; VF3; ISO 26262; SOC%.

1. PAT VAN PE

Su phat trién nhanh chong cua xe dién
(EV) trong nhu'ng nim gan day da dit ra yéu
cau cao hon vé hiéu suat nang lwong va an toan
van hanh. Mot trong nhitng cong nghé quan
trong gitp cai thién hi¢u suét cua xe dién 1a hé
thong phanh hiam tai sinh. Hé théng nay cho
phép thu hdi mot phan ning lugng tir qué trinh
phanh va chuyén héa thanh dién ning dé sac lai
pin, tir do gitip tdng pham vi hoat dong cua xe
va giam tiéu hao nang luong. Tuy nhién, viéc
tich hop phanh tai sinh vao hé thong phanh
téng thé cia xe dién dit ra nhiéu thach thuc
lién quan dén diéu khién, phan bd luc phanh va
dam bao an toan van hanh.

VF3 la mot mau xe dién d6 thi moi
duoc phat trién v6i muc tiéu toi uu hiéu suét va
tiét kiém ning luong. Trong d6, hé théng phanh
tai sinh dong vai tro quan trong trong viéc cai
thién kha nang thu hdi nang luong va nang cao
hiéu qua van hanh. Bé dam bao hé théng nay
hoat dong an toan va dang tin cdy, viéc tuan

thu tiéu chuan ISO 26262 — tiéu chuédn an toan
chtrc nang cho céc hé thong dién va dién tir trén
0 t0 — la di€u can thiét.

Ap dung ISO 26262 vao thiét ké hé
thong phanh tai sinh trén VF3 khong chi gitup
t6i wu hoa qua trinh thu hoi nang lwong ma con
dam bao hé théng dép tmg cac yéu cau nghiém
ngit vé an toan, gitp duy tri sy 6n dinh va kiém
soat cua xe trong moi diéu kién van hanh.

Trong nghién ctru ndy, cac tac gia tién
hanh mo phong hé théng phanh tai sinh trén
VF3 bing MATLAB, mdt cong cu manh mé
trong viéc phén tich va kiém tra hiéu sudt hé
théng phanh M6 hinh mo phong duogc xay
dung dé kiém tra cac yéu t6 quan trong nhu:
Hiéu suat thu hoi nang luong khi str dung phanh
tai sinh; Phan bo luc phanh gitta phanh ma sat
va phanh tai sinh dé dam bao an toan va 6n dinh
xe; Panh gia mirc 46 dap Gmg ctia hé thong didu
khién theo tiéu chuan ISO 26262 trong céc tinh
hubng phanh khac nhau.
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Két qua nghién ctru khong chi giup tdi
wu hoa hé thdng phanh tai sinh trén VF3 ma con
dong gop vao viée phat trién cac phuong phap
kiém soét phanh tai sinh trén xe dién noi chung.
Ngoai ra, viéc tuan thu ti€u chuan I1SO 26262
giup tdng cuong dJ tin cdy va an toan cua hé
thdng, tao tién dé cho viéc tmg dung rong rai
hon trong nganh cong nghiép 6 t6. Trong tuong
lai, nghién ctru ¢6 thé mé rong theo hudng tich
hop tri tu¢ nhan tao dé diéu chinh ché do phanh
tai sinh linh hoat hon, phu hop véi diéu kién
van hanh thuc té cta xe dién.

2. KET QUA VA THAO LUAN
2.1. Tong quan phanh tai sinh

Hé théng phanh tai sinh 13 mot cong
ngh¢ quan trong trén 6 t6 dién, cho phép thu
h6i mot phan nang lwong tir qué trinh phanh
va chuyén hoa thanh dién ning dé sac lai pin.
Khong gidng nhu hé thong phanh ma sat truyén
théng, phanh tai sinh sit dung dong co dién &
ché do may phat dé tao moémen can, gitp xe
giam toc va dong thoi thu hoi nang luong. Didu
nay khong chi gitip cai thién hiéu suét sir dung
nang luong ma con lam giam hao mon hé thong
phanh co khi, kéo dai tudi tho ctia cac bo phan
phanh [1].

Khi nguoi 141 dap phanh hoac nha chan
ga, dong co dién chuyén tir ché do truyén dong
sang ché do may phat. Khi dé, ning luong co
hoc tir banh xe dugc chuyén thanh ning luong
dién thong qua may phat dién, sau d6 dugc luu
trit trong pin dé sir dung sau nay.

Tuy theo muc d§ phanh va tinh trang
pin, hé théng co6 thé hoat dong & hai ché do.
Ché d6 phanh téi sinh hoan toan: Khi dong co
dién tao da mo-men phanh dé giam téc xe ma
khong can dén phanh ma sat; Ché do phanh két

hop: Khi mémen phanh téi sinh khong du, h¢
thdng s& phdi hop gitra phanh tai sinh va phanh
ma sat dé dam bao hiéu qua phanh.

Mic du ¢6 nhiéu lgi ich, hé thong phanh
tai sinh van gap mot s6 thach thirc: Hiéu suit
thu hdi ning luong phu thudc vao tinh trang
pin: Néu pin da diy, hé thong khong thé tiép
tuc sac va budc phai st dung phanh ma sat
nhiéu hon; Tinh 6n dinh va an toan khi phanh:
Viéc phdi hop giita phanh téi sinh va phanh ma
sat can duogc kiém soét chinh xac dé tranh anh
huodng dén do 6n dinh cua xe, dic biét trong
cac tinh hudng khan cip; Do tré phan hoi cua
hé théng phanh tai sinh: Qua trinh chuyén doi
giira phanh tai sinh va phanh ma sat c6 thé gay
ra do tré, anh huong dén cam giac 14i va hiéu
suat phanh tong thé [2].

2.2. M6 hinh mé phéng hé théng phanh tai
sinh

H¢ thong phanh tai sinh (Regenerative
Braking System - RBS) ¢6 nhiém vy thu hoi
dong ning cua xe khi phanh va chuyén d6i nd
thanh dién nang dé sac lai pin. M6 phong hé
théng nay doi hoi xay dung cac phuong trinh
mo ta dong luc hoc xe, hé théng truyén dong va
hiéu sut thu hdi ning luong. Chuyén dong cia
xe c6 thé dugc mo ta boi phuong trinh can bang
luc phuong trinh (1) [4-8]:

m% = Firactive — Fresistive — Fbraldng 6]

Trong d6: m 1a khéi lugng cua xe (kg);

v 1 van tdc cua xe (m/s); F tive la lyc kéo do

d(‘f)ng co taora (N); F__ . tong l,L.l’C can (bao

gom can lan, can khi dong, can doc); Fbraking la
luc phanh do hé thong phanh tac dong Ién xe.

He¢ thong phanh tai sinh sir dung dong
co dién dé tao lyc ham thong qua momen tai
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tao Tregen. Luc phanh tai sinh c6 thé tinh béng
phuong trinh (2):
Pragan
Tregen - 2)
Véi Pregen = nregen megh (cong suit dién

thu hoi, véi Mg . 1a hi¢u suat thu hdi); P mech =

T, .-®: Cong suat co hoc tai cac banh xe; o la

toc do goc cua banh xe (rad/s).

Ty I¢ gitta phanh tai sinh va phanh ma
sat duoc xac dinh bdi thuat toan diéu khién
phuong trinh (3):

Fbraking = Fregen + Ffrictiun 3)
Vi F friction, 1a lyc phanh tir hé thng
phanh ma sat truyén thong.

Ning lugng thyuc té duoc luu vao pin
phu thudc vao hi€u suat sac cua h¢ thong luu
trir (4):

Estored T]battery Eregen (4)

Véi Moatery 1a hiéu sudt sac cua pin.

Dénh gia hiéu suit phanh tai sinh: Hiéu
suat thu hoi nang lugng dugc tinh bang ty 1¢
gitra nang lugng thu hoi va nang lugng ban dau
phuong trinh (5):

Eragan

MRres = S Q)

. 1

Voi Ekinetic = Em.‘fz.

Hé thdng phanh tai sinh thu héi ning
luong tir qua trinh phanh va chuyén dé6i n6 thanh
dién nang dé sac lai pin. B¢ tinh toan phan tram
sac pin (ASOC), ta st dung cac phuong trinh

sau: Toéng nang luong thu hdi tir phanh tai sinh,
cong sut dién thu hoi tir phanh tai sinh duoc
tinh bang (6):

Pregen =T regen- Pmech (6)
V6i: P lacong sudt dién thu hoi (W);

Mregen Ia hiéu suat cua hé thong phanh téi sinh;
P la cong suit co hoc cua dong co ¢ ché do

mech

phanh tai sinh.

Cong suit co hoc tai banh xe (7):

Pregen = Fregen (7

Téng ning luong thu hdi trong mot chu

trinh phanh duoc tinh bang tich phan cong sut
theo thoi gian'

= | Pregend (8)

Ning luong thyc té duge luu trit trong
pin phu thudc vao hi€u suat sac cua pin va dugc
tinh theo cong thure (9):

regen

Estured = nbattery'Eregen )

V6i: E _, 1anang lugng thuc té luu vao
pin (J hoac Wh); Moatery 1a hiéu suat sac cta pin
(thuong khoang 90-95%).

Thay d6i phan trim SOC ctia pin: Trang
thai sac cta pin (SOC) biéu thi mirc ndng lugng
con lai cta pin so voi dung luong toi da (10):

EbEl.ttEl"j"

S0C= .100%  (10)

EEEI.ttEIl"j."_.mEI.K

Phén trdm sac pin ting thém nhd phanh
tai sinh dugc tinh bang (11):

Estn red

AS0C = .100% (11
&

Battery,max

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025 BREE
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CUU - TRAO DOI

Voi: E terymax 1a dung luong ti da cua
pin (J hoic Wh); ASOC 1a phan trim sac pin

tang thém sau qua trinh phanh tai sinh.

So d0 thudt toan ctia qua trinh phanh tai
sinh duoc thé hién trén hinh 1.

Trang thai nap cia dc gu
Wiln 1A xe

|
MG men phuc hdi didn T u-l

Lare phanh Ldi sath Fo

I
Bxing ""FL"‘~

o Ful Fooe _"";-—-
¢ Phash thissh P .

* 1 Franh ida L]
I\_thmﬁ-m-:__/" . )

Lurc phanh thidy i
Fil = Fid - Fregen

Hinh 1. So' do thudt todn ciia phanh ham tdi sinh
trén o to dién

2.3. Két qua mé phéng va phén tich
Str dung mo6 phong trén MATLAB, véi
thong s6 dau vao ciia mo hinh thé hién trong

bang 1.

Bdng 1. Théng s6 dau vao ciia mé phong [3]

Théng sb Gia tri Pon vi
Khdi luong xe (m) 1100 kg
Hé s6 can lan (Cr) 0.01-0.015 -
H¢ s6 can khi don
€ e 0.32 -
Dién tich can gio6 (A) 2.2 m?
Hé s6 tai sinh 0.6-0.8 -
Cong suat dong co 32 kW
Mo6-men xodn cuc dai 110 Nm
Dung lugng pin 18,64 kWh

Quang duong mo 40 Km
phéng
Téc do trung binh 40 km/h
H}@u suat hé truyén 0.85 i
dong
Muic ti€u thy dién nang ~9 leilr;l 00
(.t 5n dap phann ) Dién ap danh dinh
[ A wc phasn sa | cua pin 346 v
Dung luong pin 18,64 kWh
[ wepmannsan | Cong suat tiéu thu 33 | kWh/100
| Sy didu hb:i krc phanh| tmng binh ’ km
[ pnmaes ] Dong dién trung binh ~24 A
LirFc pi-anr: brrdns Fu ]
Quang duong md 40
T oy
Tdc do trung bin
trong do thi 40 km/h
So .lfln dap phanh trong 40 - 80 lin/gio
1 gio

Vi thot gian mo phdng 1a 1 gio, xe di
trong d6 thi v6i sd 1an phanh 1a 75 1an/1 gio.
Véi diéu kién xe ¢ trang thai ban dau pin 1a
90%. Két qua mod phong ta dugc do thi so sanh
trang thai sac SOC% c6 va khong c6 phanh téi
sinh duoc thé hién trong hinh 2.

&
Fle Eft View Insem Teoh Desliop Window Help
Nagda @08 | & E

. So sinh $0C: Co & Khdng cd Phanh Til Sinh

= = hang oo phanh e sek
G phah Rl adnh (10 % bt kiom) |

B

E =

Trang thal sac S0C (%)
= B E

ot i i i i i |
0 10 20 n 40 50 =]

Thiri gian {phut)
Hinh 2. So sanh SOC c6 va khong co phanh
tai sinh
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Trang thai sac cua pin (SOC) phan éanh
lwong ning luong con lai trong pin so véi tong
dung lugng pin. Mirc ting 18% SOC: Néu pin
c6 dung luong toi da 18.64 kWh (xe VinFast
VF3), thi ning lugng thu hoi la:

E =0.18 = 18.64 = 3.3552 kWh

regen

V61 pham vi hoat dong ban dau khoang
210 km, néu luong dién thu héi dugc st dung
hoan toan, quang duong di thém co6 thé dat:

3.3552

Ad=—5ea

.210=37.8 km

Nhu vay: Nho phanh téi sinh, xe c6 thé
di thém gan 38 km, giup kéo dai pham vi hoat
dong ma khong can sac thém tur ludi dién.

3. KET LUAN

Nghién ctru nay da thuc hién mo phong
qua trinh phanh tai sinh trén xe VinFast VF3
bang MATLAB & Simulink, danh gia hiéu qua
thu hoi nang lugng va tac dong dén trang thai
sac cua pin (SOC). Két qua cho thiy hé thdng
phanh tai sinh gitip tang muc sac pin lén 18%,
tuong ung voi1 quang duong di thém khoang 38
km ma khong can sac tir lu6i dién.

M6 hinh mo6 phéng da phan anh chinh
xéac dong luc hoc cuia xe, qua trinh chuyén d6i
co-nhiét-dién, ciing nhu cac yéu té anh huong
dén hiéu suat thu hoi ning luong. Két qua
nghién ctru chi ra rang hiéu sudt phanh tai sinh
phu thudc vao diéu kién van hanh, chu trinh
14i xe, va hiéu sut cta hé théng luu trir nang
lugng.

Viéc ap dung hé théng phanh tai sinh
khong chi gitip giam ti€u hao nang lugng va

tang pham vi hoat dong ctia xe ma con gop
phén cai thién tudi tho pin. Cu thé, phanh tai
sinh gitip giam s6 1an xa sdu cua pin, han ché
dong sac/xa cuc dai, duy tri nhiét d hoat dong
6n dinh va giit muc sac trong khoang tdi wu, tir
doé lam cham qué trinh suy gidm dung lugng
pin theo thoi gian. Bén canh d6, phanh téi sinh
con dong vai trd quan trong trong vi¢c hd tro
phat trién phuong tién giao thong bén viing.
Nhing két qua nay c6 thé 1am co s& cho céc
nghién ctru tiép theo nham tdi wu hoa thuét toan
diéu khién phanh tai sinh, cai thién hiéu suét sir
dung ning lugng trén xe dién va kéo dai tudi
tho hé thong pin. <
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