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NGHIEN CUU CAC GIAI PHAP THU HOI NANG LUQNG
TRONG HE THONG PHANH TAI SINH TREN XE O TO

Tran Nhit Long
Trudong Cao ding Lao Cai

Tom tat: Bai bao nghién ciru cdc gidi phdp thu hoi nang hm’ng trong hé thongphanh tdi sinh trén 6 t6 nham ndng cao
hiéu sudt sir dung ndang lwong va giam phat thai. Trén co sé tong hop Iy thuyet xdy dung mo hinh dong luc hoc va mé phong
bang MATLAB/Simulink, nghién cieu phan tich ba nhém gidi phdp chinh gom luu trie dién, thiy luc va co hoc (banh da).
Két qua cho thdy hleu sudt thu hoi nang liwong cé thé dat trén 30% trong diéu kién toi wu va phu thudc vao cdc yéu té vin
hanh cung nhu cau hinh hé thong. Tir @6, bai bdo d@é xudt dinh hieong két hop da cong nghé nham nang cao hzeu quad hé
théng, dong thoi dwa ra ham y cho dao tao kjf thudt trong boi canh phdt trién giao thong xanh va chuyén doi so.

Tir khéa: phanh tdi sinh, thu hoi nang lwong, xe dién, hé thong thiy luc, t6i uu héa.

RESEARCH ON ENERGY RECOVERY SOLUTIONS IN REGENERATIVE
BRAKING SYSTEMS FOR AUTOMOBILES

Abstract: This article investigates energy recovery solutions in automotive regenerative braking systems in order to
improve energy utilization efficiency and reduce emissions. Based on a synthesis of theoretical foundations, the development
of a dynamic model, and simulation using MATLAB/Simulink, the study analyzes three main groups of solutions, including
electrical, hydraulic, and mechanical (flywheel) energy storage. The results indicate that energy recovery efficiency can
exceed 30% under optimal conditions and depends on operating factors as well as system configuration. On that basis,
the article proposes a multi-technology integration approach to enhance overall system performance, while also offering

implications for engineering education in the context of green transportation development and digital transformation.
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I. PAT VAN PE

Trong bdi canh toan ciu dang dbi mat véi
nhirng thach thic nghiém trong vé bién d6i khi
hau, 6 nhiém moi truong va can kiét nguén nhién
liéu hoa thach, viéc phat trién céc phuong tién
giao thong tiét kiém niang luong va than thién véi
moi trudng di tré thanh xu hudng tit yéu. Nganh
cong nghiép 6 t6 dang ching kién sy chuyén dich
manh mé tir cac phuong tién sir dung dong co dot
trong truyén théng sang cac dong xe dién (Electric
Vehicles — EV) va xe lai dién (Hybrid Electric
Vehicles — HEV). Nhitng phuong tién nay khong
chi gép phan giam phat thai khi nha kinh ma con
nang cao hi¢u qua str dung nang luong trong qua
trinh van hanh.

Mot trong nhitng cong nghé quan trong giup
cai thién hiéu suit ning luong ctia cac phuong tién
hién dai 14 hé thdng phanh tai sinh (Regenerative
Braking System — RBS). Khac véi hé théng
phanh truyén thong, trong d6 dong ning cua xe
khi giam tdc bi tiéu tan dudi dang nhiét nang, hé
théng phanh tai sinh cho phép thu héi mét phan
dong nang nay va chuyén d6i thanh niang luong
c6 thé luu trir dé tai sir dung. Nho d6, hé thong
khong chi gitip tiét kiém nang luong ma con giam
hao mon co cdu phanh, gop phan kéo dai tudi tho
cac bd phan co khi.
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Tuy nhién, mac du da duogc Ung dung rong
rai, cong ngh¢ phanh tai sinh hién nay van ton
tai nhiéu han ché. Hiéu suét thu hoi nang lugng
con phu thudc 16n vao diéu kién van hanh nhu
tde do xe, trang thai tai va ché do phanh. O céc
tinh huéng phanh khan cép hodc khi vén tc thap,
phan 16n ning luong van bi tiéu tan do hé théng
phanh co khi phai tham gia dé dam bao an toan.
Bén canh d6, hi¢u qua thu hoi nang luong con bi
anh hudng boi kha ning luu trit cua hé thong, dic
biét 1a khi pin dd gan day hodc khi thiét bi luu trit
khong dap tmg kip téc do nap ning lugng.

Ngoai ra, chi phi ddu tu ban dau cho cac hé
théng phanh tai sinh, dac bi¢t l1a cac hé théng sur
dung cong nghé luu trir tién tién nhu pin lithium-
ion, siéu tu dién hoic banh da, van con tuong ddi
cao. Piéu nay tao ra rao can trong viéc phd bién
cong nghé trén cac dong xe phd thong, dic biét tai
cac qudc gia dang phat trién nhu Viét Nam. Bén
canh do, cac yéu clu vé diéu khién, déng bo hoa
hé théng va dam bao an toan van hanh ciing dat ra
nhiéu thach thic vé mat k¥ thuat.

Trong bbi canh do6, viéc nghién ctru, danh gia
va dé& xuit cac giai phap ning cao hiéu qua thu
hdi ning luong trong hé thong phanh tai sinh 1a
can thiét va c6 y nghia ca vé 1y luan 1an thyc tién.
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Nghién ctru khong chi giup lam 16 cac co ché
chuyén d6i va luu trix nang luong trong qua trinh
phanh ma con gop phan xac dinh cac yéu t6 anh
hudng dén hiéu suét hé thong. Tu do, co thé dé
Xuét cac giai phap k¥ thuat nham tdi uvu héa qua
trinh thu hoi ning luong, giam thiéu ton that va
nang cao hi¢u qua van hanh cua phuong tién.

Trén co s¢ do, bai bao tap trung nghién cuu
cac giai phap thu hoi ning lugng trong hé thong
phanh tai sinh trén 6 t6, bao gdm cac phuong
phép luu trit nang luong dién, thuy luc va co hoc.
Dong thoi, thong qua viée xay dung mo hinh va
mo phong, nghién ctru danh gia hi¢u qua cua cac
giai phéap trong cac diéu kién van hanh khac nhau.
Két qua nghién ciru duoc ky vong s& dong gop co
s& khoa hoc cho viéc phat trién va img dung cong
ngh¢ phanh tai sinh trong nganh cong nghiép 0 to,
hudng t61 muc ti€u st dung ning luong hiéu qua
va phat trién bén ving.

II. NQI DUNG NGHIEN CUU

2.1. Phuwong phap nghién ctiru

Bai bao sir dung két hop cac phuong phap:

Phuong phép ly thuyet Tong hop, phan tich cac
cong trinh nghién ciru vé hé théng phanh tai sinh.

Phuong phap md hinh hoa: Xay dung mo hinh
dong luc hoc cua xe trong qué trinh phanh.

Phuong phap mo phong: Ung dung phan mém
MATLAB/Simulink dé mé phong quéa trinh thu
hoi nang lugng trong cac didu kién khac nhau.

Phuong phap so sanh: DPanh gia hiéu qua gitra
cac giai phép luu trit nang luong.

2.2. Cac giai phap thu hdi ning lwgng trong
hé thong phanh tai sinh

Heé thong phanh tai sinh (Regenerative Braking
System — RBS) 1a mot trong nhing cong nghé cot
16i nhim nang cao hiéu suat s dung nang luong
trén cac phuong tién hién dai, dic biét 1a xe dién
(EV) va xe hybrid (HEV). Nguyén ly co ban cua
hé thdng 14 chuyén d6i dong ning cia xe trong
qua trinh giam tdc thanh dang nang luong co thé
luu trir va tai st dung. Hién nay, c6 ba nhom giai
phéap chinh dugc nghién ctru va ung dung rong
rai, bao gom: luu trr nang lugng dién, luu tri
nang luong thiy luc va luu trit ndng luong co hoc
(banh da).

2.2.1. Giai phap luu trir nang luong dién

Luu trit ning lwong dién 1a phuong phap phd
bién nhét trong cac hé thong phanh tai sinh hién
nay. Trong qué trinh phanh, dong co dién duoc
chuyén di tir ché d6 dan dong sang ché d6 may
phat, tao ra dién nang tir dong nang cua xe. Dong

dién nay sau dé duoc diéu chinh théng qua cac
bo bién doi dién tt nhu inverter va bd chuyén
d6i DC/DC trudc khi nap vao hé thong luu tri,
thuong 14 ac quy lithium-ion hodc siéu tu dién.

Uu diém ndi bat cia giai phap nay 1a kha ning
tich hop cao voi hé thong truyén dong dién, hiéu
suat chuyén doi nang luong twong dbi 16n va dé didu
khién thong qua céc thuat toan dién tir. Ngoai ra, hé
thdng con cho phép tai sir dung truc tiép ning lugng
thu hoi dé hd tro ting toc hodc van hanh xe, tir do
giam tai cho dong co chinh va tiét kiém nhién liéu.

Tuy nhién, giai phap nay ciing ton tai mot sd
han ché dang ké. Hiéu suat thu hdi nang lugng
phu thudc manh vao trang thai sac cia pin (State
of Charge — SOC). Khi pin gan day, kha ning tiép
nhan ning hrong giam, dan dén lang phi nang
lwong thu hdi. Bén canh d6, qué trinh chuyén ddi
dién nang qua nhiéu cip (co — dién — hoa) gy ra
ton that nang luong dang ké. Ngoai ra, chi phi dau
tu va thay thé pin con cao, anh huong dén tinh
kinh té ctia hé thong.

2.2.2. Giai phap luu trir nang luong thuy luc

Gidi phép luu trlr nang luong thuy luc hoat
dong duwa trén nguyén 1y chuyén d6i dong nang
thanh ning lugng ap suat ciia chat 1ong. Trong qué
trinh phanh, bom thiy luc dugc dan dong boi hé
thong truyén luc, nén chat 1ong vao binh tich ap
(accumulator) noi nang lu’ong duogc luu trir dudi
dang ap suat cao. Khi can thiét, ning luong nay
duogc giai phong thong qua mé to thuy luc dé hd
trg chuyén dong cua xe.

Mot trong nhitng wu diém 16n nhat ciia hé théng
thily luc 1a kha ning thu hoi nang lugng véi cong
suat 16n trong thoi gian ngén, dic biét phu hop
v6i cac phuong tién tai trong 1dn nhu xe tai, xe
buyt hodc xe chuyén dung. Hiéu suat thu hdi ning
luong c6 thé dat muc cao khi cac thong s6 nhu ap
suét binh tich nang va luu lugng bom duoc ti wu.

Ngoai ra, hé thong thuy lyc c¢6 kha ning hoat
dong on dinh trong diéu kién méi truong khac
nghiét va khong phuy thudc nhiu vao nhiét do nhur
hé thong dién hoa. Diéu nay gitip nang cao do bén
va tudi tho cua hé thong.

Tuy nhién, nhuoc diém chinh ciia giai phép
nay 1a kich thudc va khéi lugng 16n, gay kho khin
trong viéc bd tri trén cac phuong tién nho. Két cu
hé thong phtic tap, bao gdm nhiéu thanh phan nhur
bom, van diéu khién, dudong dng va binh tich ap,
lam tang chi phi ché tao va béao tri. Ngoai ra, ton
tht 4p suat trong dudng dng va ma sat co hoc ciing
anh hudng dén hiéu suat tong thé ctia hé thong.
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2.2.3. Gidi phdp leu trit nang lwong bang
banh da

Giai phap luu trit ning luong bang banh da
(flywheel) 1a phuong phéap co hoc, trong d6 nang
luong dugc luu trir dudi dang dong ndng quay cua
mot khéi quay c6 mdé men quan tinh 16n.Khi xe
phanh, ning lugng dong hoc duoc truyén t6i banh
da thong qua hé thong truyén dong, 1am ting tdc
d6 quay cua banh da. Khi xe can ting tc, ning
luong nay duoc giai phong nguoc lai dé hd tro
chuyén dong.

Uu diém ndi bat ciia hé théng banh da 1a mat
dd nang luong cao va kha nang nap/xa nang luong
nhanh, pht hop voi cac chu ky phanh — ting tdc
lién tuc. Ngoai ra, do khong sir dung qué trinh
chuyén d6i dién hoa nén ton thit nang luong thap
hon so vo1 hé théng luu trir dién.Bén canh do, hé
théng banh da co tudi tho cao va khong bi suy
giam hiéu suat theo chu ky str dung nhu pin. Piéu
nay 1am cho no tré thanh mot giai phép tiém ning
trong cac tng dung yéu cau do bén cao.

Tuy nhién, nhuoc diém 16n nhit cua hé théng
nay la kho luu trtr ndng lugng trong thoi gian dai
do t6n thit ma sat va luc can khong khi. Dé khic
phuc, banh da thuong phai dugc dat trong moi
truong chan khong va st dung vat liéu dac biét,
lam tang chi phi ché tao. Ngoai ra, yéu cau vé an
toan co hoc va can bang dong ciling 1a thach thirc
16n trong thiét ké hé thong.

2.2.4. Danh gid téng hop cdc gidi phdp

Tir cac phan tich trén c6 thé thay rang mdi giai
phap thu hdi va luu trit ning lugng déu c6 nhiing
uu diém va han ché riéng. Khong c6 mot giai phap
nao toi uu tuyét ddi cho moi loai phuong tién.
Viéc lya chon cong ngh¢ phu hop can dua trén
ddc diém véan hanh, yéu cau k¥ thuat va diéu kién
kinh té cua ting loai xe.

Trong xu hudng hién nay, cac hé théng két hop
(hybrid storage systems), sit dung dong thoi nhiéu
phuong phap luu trit nhu pin, si€u tu va banh da,
dang dugc nghién ctru va phat trién manh mé.
Giai phap nay cho phép tdn dung uu diém cua
timg cong nghé, dong thoi khic phuc cac han ché
riéng 1é, tir d6 nang cao hiéu suét tong thé ctia hé
thong phanh tai sinh.

2.3. Ham y cho gido duc

Két qua nghién ctru vé cac giai phap thu hoi
ning luong trong hé théng phanh tai sinh khong
chi ¢6 ¥ nghia vé mit k¥ thuat ma con mang lai
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nhiéu ham ¥ quan trong d6i véi linh vuc gido
duc, dac bi¢t 1a trong dao tao cac nganh k¥
thuat, cong nghé 6 to va chuyén doi sb trong
giao duc nghé nghiép.

Trudc hét, nghién ciru cho thiy sy can thiét
phai cap nhat ndi dung chuong trinh dao tao theo
hudng tiép can cong nghé méi. Cac hé théng nhu
phanh tai sinh, xe dién, hé thong diéu khién thong
minh va mé phong k¥ thuat can dugc tich hop vao
chuong trinh giang day cua cac nganh ky thuat
dién — dién tu, co dién tr va c()ng nghé 6 t6. Piéu
nay gitp sinh vién khong chi nam viing kién thirc
nén tang ma con tiép can duge cac cong nghé tién
tién dang duoc tng dung trong thyc tién san xudt.

Thu hai, viéc st dung cac cong cu mo phong
nhu MATLAB/Simulink trong nghién ctru cho
thdy vai trd quan trong ctia day hoc gin véi thuc
hanh va mé phong sb. Do d6, cac co sé dao tao
can day manh tng dung cong nghé s trong giang
day, xay dung cac phong thi nghiém 4o, mo6 hinh
mo phong va bai tap tinh hudng thuc té nham
nang cao nang lyc thyc hanh va tu duy hé théng
cho nguoi hoc.

Thir ba, nghién ctru nhdn manh tam quan trong
cua dao tao lién nganh (interdisciplinary training).
Hé thdng phanh téi sinh 14 sy két hop cia nhiéu
linh vuc nhu co khi, dién — dién tir, didu khién tu
dong va cong nghé néng luong Vi vay, chuong
trinh ddo tao can thiét ké theo hudng tich hop,
glup sinh vién phat trién ning luc giai quyet van
dé phuc hop va thich tng véi yéu cau cua thi
truong lao dong hi¢n dai.

Th tu, tir goc d6 gido duc bén viing, ndi dung
nghién ctru gép phan nang cao nhan thirc cta
ngudi hoc vé sir dung nang luong hiéu qua va bao
v€é moi truong. Viéc dua cac chu dé nhu tiét kiém
nang lugng, giam phat thai va cong nghé xanh vao
giang day s€ gitp hinh thanh y thire trach nhiém
x4 hoi va dinh huéng nghé nghiép phu hop véi xu
thé phat trién bén viing.

Cudi cung, nghién ctru ciing goi md yéu cau
dbi véi d6i ngii giang vién trong viéc ning cao
nang luc nghién ctru khoa hoc va cap nhat cong
nghé méi. Giang vién can chii dong tham gia cac
dé tai nghién ctru tng dung, két ndi véi doanh
nghiép va cap nhat tri thic méi dé nang cao chat
luong giang day. Pong thoi, can doi méi phuong
phap day hoc theo huéng phat trién ning luc, lay
nguoi hoc lam trung tam va tang cuong kha nang
tu hoc, tu nghién ctru cua sinh vién.
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Nhu vay, viéc nghién ctru va img dung céc giai
phap thu hdi nang lugng trong hé thong phanh tai
sinh khong chi gop phan phat trién cong nghé 6 to
ma con ¢6 ¥ nghia quan trong trong ddi méi gido
duc k¥ thuat, dap Gmg yéu cau cia thoi dai cong
nghiép 4.0 va chuyén ddi s hién nay.

1. KET LUAN

Nghién ctru di 1am rd cac giai phap thu hoi
ning luong trong hé thong phanh tai sinh trén 6 to,
bao gém luu trir dién, thuy luc va co hoc, déng thoi
danh gi4 hiéu qua cta ting phuong phap thong qua

md hinh hoa va mé phong. Két qua cho thay hiéu
suat thu hoi nang lugng c6 thé dat trén 30% trong
diéu kién tbi uu, phu thudc vao dac tinh van hanh
va cau hinh hé thong. Trén co s¢ do, bai bao khing
dinh khong co giai phap don 1€ t6i wu tuyét dbi, ma
xu hudng phat trién 14 tich hop da cong nghé nham
nang cao hiéu suat tong thé. Nghién ciru khong chi
¢6 ¥ nghia ky thuat ma con gop phan dinh hudéng
dao tao nguén nhan lyc k¥ thuat chét luong cao,
dap (mg yéu cau phat trién giao thong xanh va bén
vimng trong boi canh hién nay

TAI LIEU THAM KHAO

B6 Cong Thuong (2021), Bdo cdo phat trién xe dién tai Viét Nam, Ha Noi.
C. Mi, M. A. Masrur, D. W. Gao (2011), Hybrid Electric Vehicles: Principles and Applications, Wiley.
IEEE (2019), “Regenerative Braking Systems in Electric Vehicles”, IEEE Transactions on Vehicular Technology.

MATLAB & Simulink (2023), User Guide, MathWorks.

International Energy Agency (2022), Global EV Outlook 2022, Paris.

TAM LY - GIAO DUC | 307



