Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2025, 8(4):2694-2701

Open Access Full Text Article

Panh Gia Kha Nang Phanh Tai Sinh Trén O

Pong Co 1 Kw

Nguyén Pinh Hung"

=l

B
]
ﬁ:‘\i.:r.'-' -4 Tl

Use your smartphone to scan this

QR code and download this article

Trudng Dai hoc Bdch Khoa (HCMUT),
Dai hoc Quéc gia TPHCM
(VNU-HCMC), Thanh phé H6 Chi
Minh, Viét Nam

Lién hé
Nguyén Dinh Hung, Trusng Dai hoc Bach
Khoa (HCMUT), Bai hoc Quéc gia TPHCM

(VNU-HCMC), Thanh ph& H6 Chi Minh, Viét
Nam

Email: nguyendinhhung@hcmut.edu.vn
Lich st

o Ngay nhén: 10-10-2023

© Ngay stia ddi: 04-12-2023

® Ngay chép nhan: 09-11-2024

e Ngay dang: 26-11-2025

DOI:
https://doi.org/10.32508/stdjet.v8i4.1279

‘W) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma dugc phat hanh theo cac diéu khodn cua
the Creative Commons Attribution 4.0

"\_

VNUHCM PRESS

International license.

1

TOM TAT

Bai Nghién ciiu

To Pién Co Nho Dung

Ngay nay, gidi phap 6 t6 dién dugc xem la xu hudng tat yéu dé dap Uing nhu cdu giao théng bén
v(ing trong tuong lai. Mét trong nhiing hudng nghién cdu quan trong la cdi thién quang dudng
di chuyén ctia 6 to dién vdi cing moét dung lugng pin. Nhiéu nghién clu tap trung vao téi uu hda
cac hé théng trén 6 to dién (Battery Electric Vehicles - BEVs) nham tang hiéu suét va kha nang di
chuyén. NG&i bat trong s6 d6 la hé théng phanh téi tao (Regenerative Braking System - RBS), cho
phép thu héi nang lugng trong qua trinh gidm téc, gdép phan nang cao hiéu qua st dung nang
lugng. Bai bdo nay danh gia kha nang thu hoéi nang lugng clia 6 té dién ¢d nhd st dung dong
ca dién khong chéi than (Brushless Direct Current - BLDC) cong suat TkW. Cu thé, nghién cliu xay
dung mé hinh mé phéng phanh tai sinh va sit dung dir liéu thuc té trén bang thir dé hiéu chinh
va toi uu hva mo hinh. Két qua mo phdng cho thay, khi & to di chuyén trén dudng phang hodc &
van téc trén 10 km/h, viéc st dung phanh téi tao gilip tang hiéu qud khai thac nang lugng dang ké.
Ty 1& thu héi nang lugng dat tr 5-10% tly thudc vao diéu kién van hanh, gép phan kéo dai quang
dudng di chuyén ma khong can tang dung lugng pin. Tuy nhién, nghién ctu ciing chi ra thach
thic lién quan dén tudi tho ctia bo luu trir dién. Khi phanh & van téc cao, cudng d6 dong dién tang
dot ngoét cé thé gay ap luc I6n 1én hé théng pin néu khong cé giai phap quan ly nang lugng hiéu
qud. Do do, can phét trién cac cong nghé diéu khién dong dién va hé théng luu tri tién tién hon
dé t6i uu hoa qua trinh thu héi nang lugng, déng thdi bao vé do bén ctia pin. Nhimng két qud nay
ma ra hudng nghién clu mdi, thic ddy su phét trién clia 6 td dién c& nhd trong tuong lai, dap ung

nhu cau giao thong doé thi bén vimng va hiéu qua.

Tt khoa: phanh téi sinh, 6 to dién c& nho, ddng co dién khéng chéi than

GIGI THIEU

O 6 dién c& nho la mot giai phép giam 6 nhiém moi
truong cho cac thanh phé 16n hién nay, dic biét 1a
cac thanh pho tdp trung dan cu déng duc. Khi mat
do dan s6 dong, nhu cau di lai ctia ngusi dan tang
lam tidng thach thiic d6i véi hé thong giao thong tai
céc thanh phé nay. Néu moét hé thong giao thong da
phén dung phuong tién dung nguén dong luc la dong
co dat trong (ICE) thi mic d 6 nhiém mdi trudng
cuc bo tai khu vic dé tang 1én!. Theo A. Ewert et
al'giai phép hién nay trén cic thanh phé 16n néu 6
to dién ¢& nho (SEV) dugc dung rong rai & cac thanh
phd 16n nay thi do6 sé la mot loi thé rit 16n trong bai
toan giai quyét 6 nhiém moi trudng, tiéng 6n trong
dong giao thong hén hgp két hgp gitia hai nguon dong
luc 1a dong co dét trong (ICE) va dong co dién (EM).
Béo cdo doanh s6 ban 6 td dién trén toan thé gidi
clia tap chi EV?2 sy ting trudng 6 to dién gém 6 to
dién thuén tay (BEVs) va 6 t6 lai (PHEV) trong nim
2022 1a 10.522.000 chiéc trong d6 ting trudng cua
BEV la 73%. Trong d6 doanh s6 tiéu thu tai thi trudng
Trung qudcla 6.181.000 chiéc (tang trudng 82% so véi

nam 2021), con thi trudng Bic my la 1.108.000 chiéc
(tang trudng 48% so v6i ndm 2021) con Chau au la
2.683.000 chiéc (tang trudng 15% so v6i ndm 2021)
con cac thi trudng khac 14 551.000 chiéc (ting trudng
89% so v6i ndm 2021). Ngoai ra, cic du bdo cla
ICCT cho thdy ba nam tiép theo 2023, 2024, 2025 la:
13.395.996, 16.792.181, 20.188.366 chiéc/nim 3. Diéu
nay cho thdy, xu hudng ting trudng vé 6 t6 dién trong
cac nam t6i thay thé cho 6 t6 diing dong co dot trong
la rat 16n. Cac s6 liéu nay cho thdy, xu huéng cii tién
cdng nghé trén 6 t6 dién thudn tiy cin phai di nhanh
hon lam cho 6 t6 dién hoan thién hon di dugc quang
dudng xa hon la mot xu hudng tit yéu. Mot trong
nhiing xu hudng ky thuat d6 1a nghién ctu, thu hoi cac
nédng lugng trong qud trinh phanh 1a dién hinh. Hé
théng phanh ti sinh (RBS) 13 thu héi dé tai st dung lai
néang lugng quén tinh ctia 6 t6 trong qua trinh phanh
hodc giam tdc, gitp tiét kiém nhién liéu ting pham vi
hoat dong va tang tudi tho cho co cdu phanh bang viéc
gidm tdn s hoat dong cua phanh co khi gidm chuyén
md men phanh tii co sang nhiét. Trén 6 t6 dién loi
th&€16n nhét la dung chinh dong co dién ctia hé thong

Trich dan bai bao nay: Hung N D. Danh Gia Kha Nang Phanh Tai Sinh Trén O T6 Dién C& Nhé Dung
Pong Co 1 Kw. Sci. Tech. Dev. J. - Eng. Tech. 2025; 8(4):2694-2701.
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truyén lyc lam gidm tSc 6 ctia 6 t6 4. Nang lugng thu
hoi 14y tit qud trinh gidm téc sé dugc nap vao pin. Tuy
nhién, qua trinh nay phu thudc rit nhiéu yéu té:

- Diéu kién di chuyén

- D6 nghiéng mat dudng

- Thoi gian phanh

- Lyc can chuyén dong

Déi véi 6 t6 dién ¢ nho (SBEVs), cht yéu dung dé
di chuyén trong khu vuc dan cu va céc khu vui choi.
Vi thé, khi thiét ké giai thuét cho qua trinh diéu khién
gidm t6c cho 6 t6 dién can phai nghién ctiu dién bién
qua trinh sinh mé men cén cta dong co dién. Trong
bai bdo nay tap trung nghién ctiu qua trinh giam tdc
do quay c6 quan tinh ctia dong co BDLC 1 kw, lam co
6 danh gid kha nang thu hdi nang lugng bing phuong
phép phanh téi sinh truc tiép trén b diéu khién cua
dong co (vector controllé VC).

PHUGONG PHAP NGHIEN CUU

M6 hinh tinh toan dong luc ctia 6 to.

Hinh 1: Dong luc hoc chuyén déng 6 t6 khi xuéng
déc

Phuong trinh lyc kéo tong quit:

P> (Py + Py + Po + Pj) (1)

trong do:

-Pey + P = Pr = f(Z1 + Zp)cosa :: luc can lan
banh 6 t6 trudc, banh 6 t6 sau;

-Py: luc kéo tiép tuyén tai banh 6 to;

-Py: luc can gio;

-Pj: luc quan tinh;

o Néubit d4u tha troi trén dudng bang, khong con
lyc kéo tai banh 6 t6 Py= 0 ma lyc can lan Py va
can gié Pgpva thanh phan lyc can tu hé thong
truyén luc Hinh 1 lic nay céc lyc can déng vai
tro lam gidm t6¢ 6 to dén khi 6 t6 duing lai, va luc
quén tinh P; déng vai trd la kéo lam 6 t6 chuyén
déng co thé quy dén (P = P)).

Lic nay (1) c6 thé viét lai: (Py + Pr) < P;
Khi 6 t6 ding yén: (P + Pf) = P; = 0
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o Khi 6 td chuyén dong xudéng dbc véi goc
nghiéng mit duong cang16n (a > 0) thi Pjting.

Lic nay (1): (Py + Pf) < P;

Nhu vay, d6i v6i truong hop nay dé€1am giam chuyén
dong ctia 6 t6. C6 thé dung hai lyc can, mot 1a luc tac
dung 1én banh 6 t6 gay ra bai luc phanh. Hai 13, luc
can ctia dong co trong hé thong truyén lyc. Trong qua
trinh phanh, mét phan dong nang cta 6 t6 chuyén déi
thanh nhiét nang & co ciu phanh co khi va do ma sét
céc cd cdu truyén dong khac. Néu dung mot phan luc
can tac dung vao 6 t6 xudt hién do can bang dong co
dién trén cac 6 t6 dién thi lyc can tao ra boi dong dién
chay trong dong co la thanh phén c6 loi dong vai tro
quan trong trong qué trinh chuyén dong nang luong.
Thay vi chuyén hod toan bd dong ning 6 t6 vé dang
nhiét ning khi gidm t6c, thi dong dién tao ra khi gay
can trén dong co nay c6 thé diing d€ téi tao, luu trii lai
Hinh 2.

Tc= moment can ddng co dién

iz ty 6 truyén

Fc= lwc can

Hinh 2: M6 hinh tinh toan hé théng phanh tai tao

Cén ¢t vao phuong trinh chuyén dong ctia 6 to ching
t6i xay dung mo hinh mé hinh khdo sat phanh téi tao
ctia 6 t6 dién co nho (SBEV) qua Hinh 3 nhu sau:

khéi déng co

khéi didu khién

Hinh 3: M6 hinh khao sat phanh téi tao
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Khoi pin la khéi cung cdp nang lugng cho 6 t6 hoat
dong, khi ning lugng dién dugc tao ra tii dong co
BDLC tii qua trinh tai tao sé dugc luu tri trong hé
théng luu tri nang lugng cta 6 t6 dién, trong bai bao
nay ching toi chon la pin ion lithium

Khéi dong co dién la dong co dién BDLC lkw cung
cdp luc kéo cho banh 6 t6. Trong qué trinh phanh tai
tao thi khéi nay dong vai tro 1a mdy phat dién tao ra
mo men cin cho banh 6 t6 Hinh 2.

Khéi di€u khién la hé thong quan ly diéu khién qua
trinh chuyén dong, qué trinh phanh tdi tao bang dong
co dién. Pam bao ring ning lugng thu dugc trong
qua trinh téi tao tit dong co dugc chuyén ddi, luu trit
mot cach hiéu qua, diéu chinh qud trinh phanh tai tao
theo yéu ciu ctia hé théng, tinh hudng 14i 6 to.

Khéi banh xe 1a khéi tao ra chuyén dong khi nhan lyc
kéo tit dong co dién BDLC, dong thai kéo dong co
dién khi nhan dugc mé men quan tinh ctia 6 to.

Xay dung m6 hinh mé phong qud trinh chuyén dong
ctia 0 t6 dién c6 nho qua Hinh 4 vé6i thong s6 m6 hinh
Bang1.

’ J_s} g}m ﬂh’—‘ D3

af b

<

Vi o €

s2 J;<’—?m

Controller

Hinh 4: M6 hinh m6 phong

Bang 1: Théng s6 co ban 6 to

Tén goi Ky bPon  Gid
hiéu vi tri
Khéi lugng 6 to Mye kg 185
Khoi lugng nguoi M, kg 65
VAn t6c cta 6 to Vimax  Km/h 40
Téc do thiét ké t6i da cta Opmotor  Tpm 3000
Motor trén 6 t6
Bén kinh bénh 6 to R, m 0.210
Ti s6 truyén cta hop s6 va ti ig. ig 5.9

< 5 <
s0 truyen cuoi

Dong co dien BDLC Hinh 5 duing trong bai bao nay
“TCZY 48V1000W XG2112146100” Bang 2 .

Thoéng s6 ky thuat ctia dong co “TCZY 48VI000W
XG2112146100”:

Hinh 5: Bong ca dién BLDC 1 KW

Bang 2: Théng s6 ky thuat ddng co dién

Cong sudt (KW) 1
bién 4p dinh miic (V) 48
T6c do toi da (rpm) 3000
S6 cép cuc 4
Lién két tu thong t6i da (Wb) 0.0175
Goc quay ctia Rotor cho EMF ngugc téi da  0.3927
(rad)
Tu cdm ctia méi pha Stator (H) 0.0001
Dién tré moi pha Stator (Ohm) 0.1
Momen quén tinh truc quay (kg m/sA2) 0.001
Phuong phap tan nhiét Khong
khi

Nghién ctiu mé hinh dong co dién khong chéi than
(BLDC), b¢ diéu khién dugc xiy dung trén Mat-
lab_Simulink dugc mé ta nhu sau:

Qud trinh diéu khién t6¢c d6 dong co theo toc do 6
to tham chiéu trong mo6 hinh nghién ctu, can phai st
dung bo diéu khién PID theo nguyén tic vong kin®.
Hoat dong ctia hé thong thuc hién bang cich do tdc
d¢ dong co bang cam bién téc do hodc cam bién vi tri
sau d6 dua vao khau xti ly. Tin hiéu ra sé dugc so sainh
v6i chu trinh ti d6 quyét dinh tin hiéu dén khéi logic
Hinh 6.

Débio ddm cdc tham s tinh todn trong bai toan ctia
md hinh t6n that co khi Hinh 7, bai todn ma sat cia
hé phai dugc dit vao trong khoi lién két©.

Phuong trinh tinh todn khéi ma sit dugc trinh bay
nhu sau:

Totanh (G2 ) + fo (2)
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N

Hinh 6: M6 hinh dong ca (BDLC) va b diéu khién

—a

Hinh 7: M6 hinh déng co (BLDC) I3p bé diéu khién
PID

trong do:

T: m6 men ma sdt;

T,: m6 men ma sat Coulomb;

Tprk: MmO men ma sat nghi;

@pyy: vAN tdc ma nghi mat tac dung;

@y van toc ngudng ctia Stribeck (a)S, = a)brk\/i)
van tOc tdc Coulomb

Ocoul ngudéng van

(05 = @pyy/10)

@: vin toc tuong doi clia truc quay bang thi va bing
tht; (0 = 0, — o)
f: hé s6 ma sat nhét.

Ngoai ra theo phuong trinh dong luc hoc cta truc
quay trong qua trinh gidm tdc ta c6:

T =147 (3)

trong do :

- T 1a m6 men ma sét tac dung 1én truc quay;

- I; 1a m6 men quan tinh quay tuong duong cta truc
quay bang tht;

- v 1a gia t6¢ goc truc quay bang th.

Thay (3) vao (2) chung ta ¢ thé tim dugc hai 4n s6
Te, f ctia bing thu vao két qua mo phong. D€ dinh
chuén két qua nghién cttu kha nang thu nhan ning
lugng ctia qud trinh phanh tdi tao, nhém nghién ctiu
thuc hién x4y dung bang thti Hinh 8 dé€ dinh chuén
mo hinh nghién cttu nhu sau:

Khoi lugng quan tinh ctia bang tht dugc tinh toan
nhu sau: tit phuong trinh chuyén dong ctia 6 t6 (1) ta
co:

P — (Po+Pp+Pj) =ma (4)
Trong diéu kién thu
(Pw+ P+ Pj) = 0 vi bd qua lic can gié, nghiéng

nghiém nay néu
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Khéi quan tinh  cam bién moment  d3ng co BDLC

tay ga khéi pin

b6 didu khién

Hinh 8: Bang thr danh gia phanh tai tao

mit dudng va ma st tai banh 6 t6. Lic nay, phuong
trinh (4) dugc viét lai nhu sau:
P = ma = M}’e—l;lg (5)
lic nay gia t6c a cta 6 to trén bang thii dugc tinh theo
gia tdc goc tai truc dong co nhu sau:
_ 8Ro
a= 75 (6)
Phuong trinh m6 men quan tinh (5) dugc viét lai nhu
sau:
R 2

My, = mg (ﬁ) (7)
goi I, la mo6 men quén tinh cta truc bang thi ta cé:
My = mly  (8)
can bing mo6 men gitta bing tht va mo6 men quén tinh
ctia 6 t6 mo phong theo phuong trinh dong nang:

1 1
A= zltd'wbzt = ijpvz (9)
Tu phuong trinh (9) nay ta c6 thé xac dinh khoi lugng
quén tinh trén bang thti I;; = 0.3167 (kg.mz).

THAO LUAN KET QUA

Quan sat téc d¢ dong co dap tng véi téc do tham
chiéu & céc trang théi thay d6i cac thong s6 dau vao
ctia mo hinh, chung ta c6 thé quan sat trang thai dap
ung cua dong co dién BLDC v6i cac thong s6 ky thuat
Bang 2, ngudn cung cap pin Lithium-ion 48(V) c6 ndi
tr$ 0.0002 (Ohm). Khi 6 t6 hoat ddng co ché€ phanh co
khi trong qua trinh m6 phong ctia moé hinh dugc xem
xét dya trén nguyén tic sau, néu véan téc clia phuong
tién 16n hon vén t6c ctia chu trinh thi sé dat mot mo
men can du 16n d€ van téc 6 t gidm xudng bang van
t6c cta chu trinh. Khi vén t6c 6 t6 da bang van tdc
chu trinh, mé men can dugc triét tiéu. Lic nay, khéi
Longitudinal Driver Hinh 9 sé so sanh van tdc ctia 6
td va van toc cta chu trinh, dau ra “DecelCmd” cho
ra tin hiéu 1 hodc 0 tuong ting v6i phanh hodc khong
phanh. Trang thdi giam t6c sé dugc khoi Ideal Torque
Source dai dién cho mé men can ctia phanh co khi.
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Hinh 9: M6 hinh Simulink mo6 ta qua trinh phanh

Két qua cho thdy t6c d6 dong co sau khi qua bo PID
diéu khién dép ting véi t6c do tham chiéu trén dong
co thuc t€ khi thong s6 trang thai dau vao thay d6i
Hinh 10.

Téc do dong co (rpm)

Thoi gian (s)

Hinh 10: Quan hé téc d6 va theo thoi gian c6 bd
diéu khién PID

Tu phuong trinh tinh todn khéi ma sat (2), bing
phuong phédp khao sat qud trinh gidm tdc trén bing
thit ctia phuong trinh (3) v6i Ty, = 2 (Nm) va @pg =
0.2 (rad) va I, 4, chung ta c6 thé tim dugc hai 4n con
laila &n s6 T, f clia phuong trinh (2).

PONG LUC HOC TRUC QUAY BANG THU' THEO THOT GIAN

Gia téc gbe (rad/s?)

Hinh 11: B6ng hoc cua truc quay bang thir & qua
trinh trong giam t6¢

T d6 thi khao sat dong hoc Hinh 11, x4c dinh 7y thay
vao (3) vao (2) tim dugc 7 = 0.3935 (Nm), f = 0.0007
Nm/(rad/s). Két qud so sanh qud trinh tha trdi gitia
mo6 hinh moé phong va két qué trén bang thu.

Két qué thé troi cho dén luc ditng hin ctia m6 hinh
thuc té€1a 195s va m6 hinh moé phong 14 205s, c6 léch
bién d6 do mo hinh thuc t€ c6 chiu anh hudng bién

TOC PO QUAY BANG THU TRONG QUA TRINH THA TROI

DONG CO RPM

Hinh 12: Qua trinh tang téc, tha tréi ctia moé phong
va béng thi

dong cac tham s6 két cdu 6 d6 va khép néi. Tuy
nhién, thoi gian diing lai gitta m6é phong va thuc té
léch khong quéd 5%. Nhu véy, viéc mo td ma sat ctia
truc quay bang thi trong mod phong cé két qua gan sat
véi bing thu thuc té.

Tt hai két qua Hinh 12 cho thay két qua danh gid gitia
mo hinh thyc t€ va mé hinh mé phong gin nhu tuong
tu nhau vé tdn thit ma sat. Tuy nhién, trén mo6 hinh
thuc c6 sai léch nhung gia tri nay khong vuot qua 5%
diéu nay c6 thé chip nhan dugc vi trong mo6 hinh mé
phong thoi gian giam t6c phu thudc phuong trinh (2)
tac dong khoi ma sat. Mat khdc, trong moé hinh thuc
t€ cdc gia tri ma sat § d&, can khong khi 1a mét phan
giy nén sai léch nay.

Két qua tht nghiém danh gid kha ning phanh tai tao
trén mo hinh mé phong trong duty_cycle = 0.7, 0.5,
0.3. Két qué ctia qua trinh phanh tdi tao & Hinh 13 cho
théy sau qua trinh tiéu hao dién khi ting téc dong co
thi dong dién ddo chiéu trong qua trinh phanh ham
gidm toc so véi két qua tha troi Hinh 12 t6c do giam
xudng 0 tli 205s giam xudng con 125s, 95s, 73s. Thoi
gian thu nang lugng tai tao 19s, hiéu dién thé thu dugc
bién dong tii 49...51,5 (v) , cuong do dong dién 19...5
(A). Diéu nay, ching to ring kha ning phanh tdi tao
theo ly thuyét 1a kha thi. Dién dp tao ra thé hién tiém
nang sinh ra dong dién nhu Hinh 13, bang cach diéu
khién thay d6i duty_cycle 16n nho, c6 thé diéu khién
dién 4p sinh ra cta dong co dung cho trudng hop
diéu khién dién 4p sac khong déi trong sudt qua trinh
phanh tdi tao.

Két qua tht nghiém danh gid kha ning phanh tai tao
trén mo hinh thuc té trong duty_cycle = 0.7, 0.5, 0.3.

Két qua ctia qud trinh phanh tai tao ¢ Hinh 14 cho
thdy sau qua trinh tiéu hao dién cho ting tdc dong co
thi dong dién déo chiéu trong qua trinh phanh ham
giam toc két qua tha troi Hinh 12 téc do gidm xudng 0
la 195 s trong khi cé ham 1a 114 s, 80 s, 65 s. Thoi gian
thu nang lugng tai tao 19 s, hiéu dién thé thu dugc
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CAC CTTE DO KIAC NHAU CliA MOTIINIG

TOC DO TRUC QUAY QUA TRINT PHANTI T
M

Hinh 13: Két qua mé phong quatrinh tang téc va
phanh ham véi duty_cycle 0.7, 0.5, 0.3

TOC PO TRUC QUAY QUA TRINII PILANII TAI TAO & CAC CHE O
KHAC NHAU CUA BANG THU THUC TE

Hinh 14: Ké&t qua do trén bang thithuc t€ qua trinh
tang téc va phanh ham vai duty_cycle 0.7, 0.5, 0.3

bién dong tir 49 V - 51 V, cudng d6 dong dién giam
ti 18 A xudng 10 A.

Khdo sat qud trinh gidm t6¢c & ché d6 phanh tai tao
ctia dong co BLDC 1KW cho théy rang, khi van téc
quay ctia dong co giam déan theo thoi gian thi cling
lac d6 cudng do dong dién sac ciing gidm theo thoi
gian. Nhu véy, gid tri cuong d6 dong dién sac c6 xu
hudng giam theo t6c d6 dong co. Miic do, hiéu qua
ctia ché€ d6 phanh tai tao trén dong co BLDC cao nhit
khi dong co & van toc cao, tiic la khi phuong tién dang
& van toc 1én. Kha nang tai tao gin nhu khong co6 hiéu
qua 6 day t6c do thp. Vi thé, can phai két hgp véiviéc
phanh co khi trén phuong tién d€ dam bao an toan.
Cudng d6 dong dién sac & day t6c d6 cao la rat 16n,
c6 th€16n hon kha nang chiu dyung ctia bd diéu khién.
Cén phai dua ra giai phap diéu khién hodc co ché bao
vé débao vé by diéu khién va bo pin luu trii, tranh gay
ra hong hoc hodc chdy nd.

Tich phan Hinh 12 téc d6 goc theo thai gian cho thdy,
mién gia tri két qua la tdng dién tich dugc gisi han
béi truc hoanh va cic diém tiém can. Nhu vay, phin
dién tich gi6i han boi dudng giam toc va truc hoanh
chinh la s6 vong quay ma dong co di quay, tuong
duong v6i quang dudng ma 6 t6 da di chuyén. Do
161 ctia phén dién tich nay thé hién quang dudng ma
0 t0 da di chuyén dugc trong toan b qua trinh. Téc
d6 ctia dong co va dong dién di qua pin trong ca qué
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trinh tang t6c va phanh tai tao & ché d¢ duty_cycle
0.7 Hinh 12 va Hinh 13 cho thy phanh t4i tao c6 tao
ra dong dién sac. Dong dién nay lam ting SOC ctia
pin, chiing t6 ring mo6 hinh mod phong phanh tai tao
danh gid dung véi ly thuyét khi c6 hiéu chinh ctia cac
gid tri hiéu chinh. Tuy nhién, cdn c¢6 phuong phap
diéu khién PWM d¢€ chia thoi gian thu nhin nang
lugng trén mo hinh. Hinh 13 va Hinh 14 & day t6¢ d
cao trong md hinh nghién ctiu can c6 phuong phap
diéu khién PWM t6t hon thi dudng gidm tdc sé gidm
chém dé cuong do dong dién du dap ving véi thoi gian
phanh tdi tao lic nay két qua thu nhan ctia qua trinh
phanh tai tao sé dugc dai hon. Cudng do dong dién
di qua pin trong qua trinh phanh tdi tao ngugc chiéu
v6i chiéu x4 cta pin, tic 13 pin dang dugc sac. Gid tri
ctia dong dién ngugc nay thé hién lugng dién tich di
qua pin trong mot khoang thoi gian xac dinh, hay pin
dang dugc sac nhanh hay cham. P6 thi dong dién sac
theo thoi gian & ché d¢ phanh tdi tao trén mo hinh
nghién ctiu cho thdy gid tri cuong d6 dong dién c6 gia
tri cao lic bit ddu gidm tdc va gidm vé 0 & cudi giai
doan giam tdc.

Dé thé hién do chinh x4c trong kha nang thu héi ning
lugng cia mo6 hinh mo phong phanh téi tao thuc hién
hiéu chinh gid trj theo gid tri bang thit thuc té€ bing
phuong phap thuc hién tinh lugng dién thu hai lai
dugc 6 mot ché o phanh tai tao. Theo [9] lugng dién
thu hoéi lai dugc chinh la lugng dién tich dich chuyén
qua pin trong qua trinh phanh, dugc tinh bang cong
thic:

dQ = Ldt (10)

trong dé:

o dQ1alugng dién tich dich chuyén tiic thoi;
o I'lacuong do dong dién;
« dt la khoang thoi gian do.

Chon ché d6 phanh véi duty_cycle = 0.7 d€ kiém
nghiém. Tinh t6ng lugng dién tich dich chuyén la tich
phéin cuong d6 dong dién theo thoi gian trong qué
trinh phanh téi tao cho ra két qua d6i v6i mo phong
6 gié tri bing 290424 C va két qua thuc nghiém co
gid tri bdng 203225 C. Két qua cho thdy lugng dién
thu hoi lai dugc cia mé hinh mé phong va mé hinh
thuic t& c6 sai sai léch 30%. Tuy nhién, khi xét phuong
trinh dién 4p dit 1én 2 d4u pin.
U=E+1(r+R)+ DU (11)

trong do:

« Ula dién ap 2 ddt 1én dau pin;
o Elasudt dién dong cha pin;
o Tla cudng d6 dong dién di qua pin;

o rlanditrd cha pin;
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o R dién tr6 day dan va cdc mdi ndi;

o DU la sut dp gdy ra do cdc linh kién dién ti.

Nhu vay, can bing cong suit cta dong dién sac trong
qua trinh phanh dat dugc 1a:

P =UI = EI + I>(r+ R) + IDU (12)

Cong sudt dong dién sac sinh ra trén pin bao gom 2
phin. Phan EI la cong pin luu tri dugc trong qua
trinh phanh Pj,. Phin con lai 13 céng tén hao do dién
trG va sut 4p gy ra, phin codng nay thit thoat dudi
dang nhiét day chinh 13 nguyén nhén c6 sy sai léch
trén.

= Duty_cyck 0.3

24 45 52
time (5)

Hinh 15: Két qué do trén bang gia tri dién &p cla
phanh téi sinh véi duty-cycle 0.3

Dién ap tao ra & toc do thap gan nhu sat véi sudt dién
dong ctia nguén Hinh 15 . Do d6, dai van t6c thip
khoéng c6 gid trj téi tao nang lugng, diéu nay cho thdy
khi ding qua trinh phanh tdi tao d6i véi cac 6 to dién
¢6 nho vdi van tdc nho hon 10 (km/h) khong nén
dung qud trinh phanh tai tao.

KET LUAN

Két qua nghién ctiu cho thdy dién ap dit vao ngudén
ludn 16n hon sudt dién dong cta ngudn, dong dién
tré vé tli dong co ludn 16n hon 0. Diéu d6 khdng dinh
ring phuong phap phanh nay dat dugc hiéu qua ma
khong gay ra ton thit nang lugng trén bd pin. Toc
d6 dong co cang cao, dién dp tao ra cang l6n. Dién
dp cang thay déi theo duty_cycle & cting mét téc do,
dién ap ting dan theo duty_cycle dat dén miic khoang
0.7 thi gidm trd lai. Dién dp tao ra & téc d thip suit
dién dong cta ngudn duty-cycle 0.3 day toc do dong
co thdp khong c6 gia tri tdi tao ning lugng. Tuong
tng véi trudng hgp trong nghién ctiu, ti s6 truyén clia
md hinh véi ty s6 truyén la 5.9 cho théy khi tha troi
cang dai v6i day t6c do trén 1050 rpm tuong ing véi 6
t6 chuyén dong trén 10 km/h thu hoi nang lugng khi
phanh 5-10%. Nhung khi dong co hoat dong dudi

1050 rpm tuong tGing véi 6 t6 chuyén dong nho hon
10km/h dién 4p sinh ra sat v6i sudt dién dong cua
ngudn.

Dong dién nap vao pin do dong co dién sinh ra va
quang dudng ma phuong tién di dugc trudc khi diing
lai hén trong qu4 trinh phanh thay d6i tuong déi 16n.
vi véy, diéu khién cac ch€ d6 phanh tai sinh c6 thé
dung két hgp véi diéu khién luc phanh ctia phuong
tién, cdn c6 mot md hinh két hop gitia hé thong truyén
luc xe dién v6i hé thong diéu khién phanh ctia phuong
tién trong thuc t€ méi phat huy kha nang phanh tai tao
chia céc 0 t6 dién cd nho.

DANH MUC TU VIET TAT

RBS: phanh téi sinh,

BEVs: 6 to dién.

BLDC: dong co dién khong chéi than
VC: b6 diéu khién dong co.

ICE: dong co dét trong.

EM: dong co dién.
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lgi ich nao trong cong bo bai bao.
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LOICAM TA
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Assessment Of Regenerative Brake On Electric Vehicles Using
Motor 1 kw

Nguyen Dinh Hung"

ABSTRACT

Nowadays, electric vehicles (EVS) are considered an inevitable trend to meet the demand for sus-
tainable transportation in the future. A key research focus is enhancing the travel range of EVS
Use your smartphone to scan this without increasing battery capacity. Numerous studies aim to optimise Battery Electric Vehicles
QR code and download this article (BEVS) systems to improve efficiency and mobility. The Regenerative Braking System (RBS) stands
out, enabling energy recovery during deceleration and enhancing energy utilisation efficiency. This
paper evaluates the energy recovery potential of small-scale electric vehicles equipped with a 1
kw Brushless Direct Current (BLDC) motor. Specifically, the study develops a regenerative braking
simulation model, calibrated with real-world data on a test bench to optimise the model's accu-
racy. Simulation results indicate that regenerative braking significantly improves energy efficiency
when the vehicle operates on flat terrain or at speeds above 10 km/h. Depending on operating
conditions, the energy recovery rate ranges from 5-10%, contributing to an extended travel range
without requiring larger battery capacity. However, the study also highlights challenges related to
the lifespan of the energy storage system. During high-speed braking, sudden increases in current
intensity can place considerable stress on the battery if effective energy management solutions
are absent. Therefore, there is a need to develop advanced current control technologies and more
robust storage systems to optimise energy recovery while ensuring battery durability. These find-
ings pave the way for new research directions, promoting the future development of small-scale
electric vehicles. By addressing these challenges, such cars can better meet the demands of sus-
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