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TOM TAT

Trong bai bdo nay, nhém tac gia trinh bay két qua nghién ciu viéc xdy ding va mé phong
mét hé thong phanh tdi sinh (regenerative braking) cho é té dién sit dung dong co dong bg nam
chdam vinh cieu (Permanent Magnet Synchronous Motor - PMSM). M6 hinh dwoc trién khai trén nén
tang MATLAB/Simulink, bao go”‘m cac khoi chinh: mé hinh dong luc hoc xe, bo bién tan, dong co
PMSM, b diéu khién va hé thong heu triv nang leong. Két qua mé phong cho thay hé thong phanh
tdi sinh ¢6 kha nang thu héi ning heong hiéu qud trong qud trinh giam toc, dong thoi cdi thién hiéu
sudt nang heong tong thé ciia xe 6 t6 dién. Noi dung nghién civu cé thé sir dung trong viéc ho tro
gidng day, hoc tdp, nghién ciru khoa hoc va ndang cao chdt lwong ddo tao cia cdn bg va giang vién
trong nganh cong nghé ky thudt o to tai Truong dai hoc Cong nghiép Quang Ninh ciing nhu cac
trieong khoi kj thudt trén toan quéc.

T khoa: Mo phong s6; Bé diéu khién; Phanh tdi sinh 6 t6 dién; Xe 6 t6 dién; PMSM; Chdt
lwong dao tao, Truwong Dai hoc Cong nghiép Quang Ninh.

ABSTRACT

This paper presents the research results on the development and simulation of a regenerative
braking system for electric vehicles based on a Permanent Magnet Synchronous Motor (PMSM).
The system is modeled and implemented on the MATLAB/Simulink platform, comprising the main
components: vehicle dynamics model, inverter, PMSM drive, control system, and energy storage
system. Simulation results demonstrate that the proposed regenerative braking system is capable
of effectively recovering energy during vehicle deceleration, thereby improving the overall energy
efficiency of the electric vehicle. The outcomes of this study can serve as a reference for teaching,
learning, and scientific research, and contribute to enhancing the quality of training for staff and
lecturers in the field of automotive engineering at Quang Ninh University of Industry as well as
other technical institutions nationwide.

Keywords: Numerical simulation; Controllers, Regenerative braking for electric vehicles;
Electric cars; PMSM, Training quality; Quang Ninh University of Industry. <
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1. PAT VAN PE

Trong bdi canh hién nay, khi tinh trang
bién doi khi hau va quan ly tai nguyén ning
luong tré thanh nhitng van dé cép bach, 6 t6
dién dang tr¢ thanh mot giai phap htra hen
dé giam thiéu tac dong tiéu cuc cua xe dong
co dbt trong dén moi trudng. Trong ngit canh
nay, hé théng phanh tai sinh trén xe 6 to dién
dong vai tro quan trong, dit ra nhu cau hét st
cap thiét dé tim hiéu va danh gi4 vé tim quan
trong cua cong nghé nay. Hé thong phanh tai
sinh (Regenerative braking system) trén xe 0
to dién la mot cong nghé phanh dac biét thiét
ké dé thu hdi ning luong khi xe giam tdc hodc
phanh Thay vi sir dung hé théng phanh co
truyen thong, hé théng ‘nay tan dung nguyén tic
chuyén dong cta xe dé tao ra dién ning va luu
trit né trong pin hodc hé thong pin ciia xe. Bén
canh do, su gia ting nhanh chéng cua xe dién
(Electric Vehicles - EVs), viéc nang cao hi¢u
suét st dung nang lwong va giam tén hao trong
qué trinh van hanh 1a mot trong nhirng muc tiéu
nghién ctru trong tdm. Dac bi¢t, trong cac chu
trinh 14i xe do thi, qua trinh phanh dién ra véi
tan suét cao, khién mot lwong 16n ning luong
dong hoc cua xe bi tiéu tan dudi dang nhiét tai
hé¢ théng phanh ma sat truyén thong. Phanh tai
sinh (regenerative braking) cho phép thu hoi
phan ning luong nay bang cich van hanh dong
co dién ¢ ché d6 may phat va nap ning lugng
tro lai cho b tich trit, tir d6 gop phan nang cao
hiéu suat tong thé va kéo dai quing duong di
chuyén cua xe.

Do d6, can ¢6 mot mo hinh mo phong
chi tiét va chinh xac dé phan tich dic tinh lam
viéc ctia hé thong phanh tai sinh ciing nhur danh
gi4 hiéu qua thu hdi ning lugng trong cac didu
kién van hanh khac nhau.

Xuit phat tir nhirng yéu cau trén, bai bio
nay xay dung va phan tich mé hinh mé phdéng

hé théng phanh tai sinh cho xe dién s dung
dong co PMSM trén moéi truong MATLAB/
Simulink, nham lam 13 nguyén ly lam viéc,
danh gi4 kha nang thu hoi ning lugng va lam
co so cho viéc phat trién céac chién luoc diéu
khién phanh tai sinh hiéu qua hon trong tuong
lai.

2. NOI DUNG NGHIEN CUU
2.1. CAu tric tong thé cia hé thong

Céu triic tong thé ctia m6 hinh mé phong
hé théng phanh tai sinh cho xe dién s dung
dong co dong bo nam cham vinh ciru PMSM
(Hinh 1). M6 hinh dugc xdy dung trén ung
dung MATLAB/Simulink bao gdm bdn khéi
chtc ning chinh: khéi ngudn DC (khéi pin),
khéi bién tan, khéi dong co PMSM, khdi diéu
khién phanh tai sinh, va khdi mé hinh xe.

MO PHONG HE THONG PHANH TAI SINH
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Hinh 1. So' do tong qudt mé hinh phanh tdi sinh sir
dung dong co PMSM cho 6 to dién [3].

Khéi pin, dong vai trd cung cap va hap
thu nang lugng cho h¢ thong.

Khéi dong co PMSM dugc mo hinh hoa
v6i cac cong dién ba pha va cong tai, cho phép
mo phong chinh xac quan hé dién - co. Cac tin
hiéu nhu dong stator, mo-men di¢n ti; tde do
rotor duoc trich xuét tur dong co va dua vé khéi
diéu khién 1am tin hiéu phan hoi.

Khoi dieu khién phanh tai sinh bao gom
cac vong diéu khién toc do va dong dién, cung
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v6i cac phép bién d6i toa do Clarke-Park. Dua
trén tin hiéu yéu cau phanh, bo diéu khién xéac
dinh moé-men him mong mudn va tao ra dong
tham chiéu twong Gmg. Trong ché do phanh tai
sinh, dong tham chiéu dugc diéu chinh sao cho
dong co lam viéc nhu mot may phat, qua do
chuyén d6i ning lugng co hoc tir truc dong co
thanh nang lugng dién.

Khdi xe md phong quan tinh va dic tinh
can cua hé truyén dong xe dién. Mbi quan hé
gitra tdi va mo-men dién tUr cia dong co cho
phép danh gia hiéu qua phanh, kha nang thu hoi
nang lugng cling nhu dap tng dong luc hoc cua
toan hé thong.

2.2. Khéi mé hinh xe (Vehicle Dynamics Block)

Khdi xe mo phong dong luc hoc doc
ctia xe, dugc biéu dién béi phuong trinh [3]:

dv
_:Fk_Fc

Trong d6: m 1a khdi luong xe; v 13 van
toc xe; Fk 1a Iyc kéo hoac lyc phanh tr dong co;
F_bao gom lyc can lan va lyc can khong khi.

AP

I_M e o[> >

Hinh 2. M6 hinh mo phong dong hoc [5]
Tin hiéu van tc dugc str dung lam dau
vao cho bd dicu khién dong thoi tich phan de

xac dinh quang duong xe di duoc.

Khoi tin hiéu dong md ta cau trac khoi
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do luong va trich xuat tin hiéu cua dong co
ddng bd nam cham vinh ciru PMSM trong hé
thdng phanh tai sinh. Khéi nay c6 nhiém vu thu
thap céac dai luong di¢n va co quan trong cua
dong co, phuc vu cho ca thuat toan diéu khién
va qué trinh danh gia hiéu sudt hé thong trong
mo phdng.

Céc thanh phan dién ap Ve‘l dong dién
stator trong h¢ toa do quay dq bao gom Vo Vo
I, va I dugc trich xuat nham phan anh trang
thal dleu khién dinh hudng tir thong (Field-
Oriented Control - FOC). Trong ché d6 phanh
tai sinh, thanh phan dong I , mang gia tri él‘n,
cho phép tao mé-men dién tu nguoc chiéu
quay, trong khi I, dugc diéu chinh dé dam bao
on dinh tir thong Va gidi han dong cua dong co.

Hinh 3. Mo phong tin hiéu dong co [5]

Bén canh do, cac dong stator ba pha i,
i, 1 dugc giém sat dé danh gia tinh cén bang
pha va chat luong dang song dong dién khi
bd bién tan 1am viéc & ché do phat dién. Toc
do rotor o va goc rotor 6 cung cép thong tin
phan hdi quan trong cho khoi bién ddi toa do va
bo diéu khién dong trong hé théng FOC. Mé-
men dién tir Te dugc str dung dé danh gia truc
tiép kha ning tao mo-men phanh va hiéu qua
dap tmg theo yéu cau diéu khién.

Viéc két hop ddng thoi cac tin higu
trong h¢ toa d§ abc va dq cho phép phan tich
toan dién hoat dong cua PMSM trong ché do

phanh tai sinh, tir ¢6 1am r6 mbi quan hé giita &
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chién luge didu khién dong, dic tinh dién - co
cua dong co va kha nang thu hoi nang lugng
cta hé thong.

2.3. Khéi pin DC (Battery & SOC Block) [2]

Khéi pin thuc hién cac chirc ning:

- Nhan dong dién tai sinh trong qua
trinh phanh;

- Cap nhat trang thai sac (State of
Charge - SOC);

- Cung cép dién ap DC cho bo bién tan.

SOC dugc tinh toan theo biéu thuc:

SOC(t) = SOC(0) - Qi% [ ipge (t)dt
at
Trong do:
- SOC(t): Trang thai sac cua pin tai thoi
diém t;
- SOC(0): SOC ban dau;
- Q.. Dung lugng pin [Ah];
-1, Dong pin;
-1,,>0: Chf": do lam viéc;
-1, <0: Cheé d¢ sac pin (phanh tai sinh).

2.4. Bo bién tan (Inverter Block)
B bién tn c6 nhiém vy [1]:

Chuyén dbi dién ap mét chiéu DC tir
pin cao 4p thanh dién ap xoay chiéu ba pha
cung cap cho dong co PMSM hoat dong.

Trong ché d6 phanh tai sinh, bo bién tin
bién d6i dong dién ba pha xoay chiéu tir dong
co thanh dong dién mot chiéu duge nap vé pin
cao ap.

Ngoai ra, b bién tan trong h¢ truyén

dong EV-PMSM con dong vai tro trong viéc
diéu khién dong, mé-men va toc do dong co.

Tin hiéu

¥

inverter

Hinh 4. M6 hinh mé phong bé bién tan [1]

B0 bién tan ba pha trong hé truyén dong
0 to dién str dung dong co PMSM. Bo bién tn
dugc cap nguodn tir pin thong qua mach DC-
link va tu di¢n song song dé 6n dinh dién ap
mot chiéu. Céu tric cau nghich luu gdm sau
khoa ban din cong suit kém diode song song
nguoc, cho phép truyén ning luong hai chiéu.
Céc khoa duogc diéu khién bang tin hiéu PWM
(Pulse Width Modulation) diéu khién dién ap
trung binh, thuong 1a SVPWM (bd diéu ché do
rong xung vector khong gian), dé tong hop dién
ap xoay chiéu ba pha tai cac daura A, B va C.

Do dac tinh cam khang cua cudn day
stator, dong dién ba pha c6 dang gan hinh sin va
1&€ch pha nhau 120°, tao ra tir truong quay tuong
tac voi tir truong nam cham vinh ctru trén rotor
PMSM dé sinh mo-men dién tu. Trong ché do
kéo, nang luong dugc truyén tir pin t6i dong co,
trong khi & ché d¢ phanh tai sinh, ning lugng
duge truyén nguoc tir dong co qua bd bién tan
vé DC-link dé nap lai cho pin.

2.5. M6 hinh dong co PMSM

bong co PMSM dugc mo6 hinh hoa
trong h¢ toa do dq, voi cac phuong trinh dién
ap [1]:

o dig :
V,=R.i,+L, o (Uqulq
. dig .
V=RGFL . —2 4 wpLgig + we iy
Mo6-men dién tu duoc xac dinh boi:
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Te = %.p.[ Yeig + (L, — Lg)igl,]
Trong ché d6 phanh tai sinh, mo-men
Te c6 gia tri am, tao lyc phanh cho xe.

Ché do kéo (Driving): 1,>0;T >0.

Cong suat: P = T, co>0

Ché do phanh tai smh 1 <0, T <0.

PMSM hoat dong nhu may phat Nang
luong — inverter — DC bus — pin.

Cong sudt: P=T_>0.

2.6. B diéu khién

Cau trac diéu khién cua bo bién tan ba
pha cip ngudn cho dong co dong bo nam cham
vinh ctu PMSM st dung chién lugc diéu khién
vector dinh hudng theo tir thong rotor. Hé
thdng bao gdm cac vong diéu khién dong dién
va tde do, cac phép bién doi toa do, bo diéu ché
do rong xung vector khong gian (SVPWM), bo
nghich luu va dong co PMSM [1].

Hinh 5. Sor do6 diéu khién vector (FOC) cho djng
co PMSM [5]

Trong ché d6 kéo, nang lwong duoc
truyén tir nguén DC dén dong co dé sinh mo-
men kéo. Nguogc lai, trong ché d6 phanh tai
sinh, dong tham chiéu mang gia tri am, tao ra
moé-men dién tir nguoc chiéu quay rotor, khién
dong co hoat dong nhu mdt may phat. Khi do,
nang lugng co hoc duge chuyén dbi thanh ning
lugng di¢n nap cho bd pin, qua dé nang cao
hiéu suit téng thé cua hé truyén dong dién.
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2.7. Nguyén ly phanh tai sinh [3]

Mo hinh mé phong hé théng phanh tai
sinh cho xe dién st dung dong co dong bo nam
cham vinh ctru PMSM (Hinh1) dugc xay dung
nham tai hién qué trinh chuyén doi nang luong
tr co sang dién trong giai doan giam t6c. Khi
ngu’orl lai giam téc hodc phanh, tin hiéu diéu
khién mé- -men duoc giri t6i bo didu khién dong
co, yéu cdu tao mo-men dién tir nguoc chidu
quay cua rotor.

B6 diéu khién FOC xtr Iy tin hiéu phan
hoi toc do va dong dién, sinh ra cac dién ap diéu
khién V,vaV . Cac dién ap nay dugc dua vao
bo diéu che vecto khong glan (SVPWM) dé tao
xung diéu khién cho bo bién tan ba pha.

Trong ché do phanh tai sinh, thanh phan
dong I mang gi4 tri Am, khién PMSM lam viéc
& ché do may phat va bién doi nang luong co
hoc thanh nang lugng dién.

Nang lugng dién sinh ra dugc truyén tir
stator dong co qua bd bién tan t6i lién két DC.
Tai day, dién 4p va dong DC dugc giam sat va
didu chinh dé dam bao phu hop véi giGi han lam
viéc cua b pin. Dong dién DC nap nguoc lai vé
pin, lam tang trang thai sac (SOC), thé hién qua
trinh thu hdi ning luong trong pha phanh.

Mo hinh cho phép danh gia dong thoi
dap tng mo-men phanh, ddc tinh dong dién,
dién ap DC-link va hi¢u qua thu hoi ning
lugng, tr d6 lam co so cho vi¢e phan tich va
t6i wu hoa chién lugc diéu khién phanh tai sinh
trong hé truyén dong xe dién.

3. KET QUA VA THAO LUAN

Két qua md phong (Hinh 6) cua hé
thong phanh tai sinh tir mé hinh tong quat cho

thay [5]:
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* Puong mau cam biéu dién vén tdc:
Téc d6 xe giam dan trong sudt qua trinh phanh,
cho thay kha ning giam tdc hiéu qua nho chién
lugc diéu khién tai sinh.

* Puong mau tim moé-men Xodn cua
dong co (Nm): Mo-men xoan dién tir thé hién
gia tri am trong sudt qua trinh phanh, xac nhan
réng dong co PMSM hoat dong & ché d6 may
phat dé cung cap mod-men xoan phanh.

Hinh 6. D6 thi hién thi két qua mé phéng mé hinh
[5]

« Pb thi SOC (State of Charge phan
tram pin) - Puong xanh duong nhat:

Trang thai pin ban dau ~60%, su thay
d6i cua trang thai sac pin (SOC) phan anh diing
huéng truyén ning luong.

Trong ché d6 kéo, SOC giam do pin cdp
nang lugng cho dong co, trong khi & ché do
phanh tai sinh, SOC tang nhe nho nang lugng
co hoc duoc thu hdi va nap tré lai pin thong qua
bo bién tan.

Mirc ting SOC tuong d6i nho do thoi
gian phanh ngan va gioi han cong suat nap cua
pin.

« Quing duong di chuyén (km) - Pudng
mau xanh la:

Puong cong quing dudng di chuyén cho

thdy do dc giam dan, pht hop véi su giam toc
do xe trong qua trinh phanh.

Nhirng két qua sau khi mé phong ching
minh rang hé thong duoc dé xuat dam bao hiéu
suat phanh 6n dinh dong thoi cho phép thu
hoi nang lugng hidu qua, tir d6 cai thién hiéu
sudt nang luong téng thé cua xe dién. Diéu nay
chimg minh tinh diing d4n ctia mé hinh va hi¢u
qua cta chién lugc phanh tai sinh.

4. KET LUAN

Tur cac két qua nghién ciru néu trén,
nhom tac gia nhan thay: Noi dung nghién ctru
da xay dung dugc thanh cong chuong trinh mé
phong mo hinh hé théng phanh tai sinh sir dung
dong co PMSM cho 6 t6 dién trong moi truong
MATLAB/Simulink. M6 hinh phan anh chinh
xac mdi quan hé gitra dong luc hoc xe, diéu
khién dong co va hé thdng luwu trir ning luong.
Két qua cho thay phanh tai sinh gitip nang cao
hiéu suit ning luong va la giai phap can thiét
cho xe 0 t6 dién hién dai.

Trong twong lai, md hinh c6 thé duoc
mé rong bang cach tich hop phanh ma sat va
cac chién luge phan phdi luc phanh tbi wu. San
pham duoc ap dung, trién khai sir dung trong
Truong Pai hoc Cong nghié¢p Quang Ninh cling
nhu khéi cac truong ky thuat va co thé phuc vu
cho cong tac khai thac sir dung phuc vu trong
cac xudng, ga ra, nha may vé linh vuc O t6, ing
dung trong nganh va phuc vu xa hoi. %
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