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Ngay nay, cdc nha san xudt é té6 dd va dang phat trién nhanh chong cdc loai xe lai déng
co-dién (HEVs) dé cai thién mirc tiéu hao nhién liéu va giam chat thai é6 nhiém. Sw thanh
cong nay la nho vao sie két hop cdc chién thudt diéu khién linh hoat giita déng co dot trong
va dong co dién. Cdc thanh phan chinh nhir déng co dot trong, mé to/may phat dién, dc qui
va bo phan chia cong sudt cé thé hoat dong hiéu qua theo diéu kién ldi xe. Méi bé phdn
luon dwoc wu tién hoat dong trong vung 16i wu. Dé dat dwoc sy hoan thién nay, cac nha
nghién ciru dd dé xudt nhiéu phirong phdp diéu khién toi wu khdac nhau. Bén canh viéc téi wu
héa cdc chién thudt diéu khién dong céng sudt bang viéc phdn phdi cong sudt HEV trong
qud trinh kéo, sw héi phuc nang lwong trong qua trinh phanh cing la vin dé hét sirc can
thiét. Bai bdo ndy tdp trung vao chién thudt diéu khién phanh tdi sinh trong mogt h¢ thong
HEV kiéu hon hop. Chlen thudt diéu khién phanh tai sinh bang viéc g dung logic mo daé
tao ra si phoi hop tot wu giita phanh co khi va phanh dién. Dya vao nghién civu vé dong liec
hoc cua xe trong diéu kién phanh dé dé xudt mot chién thudt diéu khién méi dam bao hiéu
nang phanh tot nhat va thu héi nang lwong phanh téi da. Viéc thue hién chién thudt diéu
khién trén doi hoi phai dwoc két hop mé hinh diéu khién lyc kéo va hé thong diéu khién
phanh. M6 hinh phén phéi céng sudt HEV dwoc xdy dung bang Matlab/ Simulink va két qua
mé phong da cho thdy sw cdi thién ding ké vé tiéu thu nhién liéu khi siv dung hé thong
phanh tai sinh.

Tir khéa: Xe lai dgng co-dién (HEV); phan phdi luc phanh; diéu khién logic mo (FLC); hé
thong phanh tai sinh dién (ERBS); hé thong phanh lai dién — co khi.

ABSTRACT

Nowadays, hybrid electric vehicles (HEVS) have been speedily developed and deployed
by automobile manufacturers to improve their fuel consumption and reduce their pollutant
emissions. This remarkable success is thanks to flexible control strategies. These components
such as internal combustion engines, motors/generators, batteries, and power-split
devicesmight operate efficiently depending on the vehicle driving conditions. Every
component always operates at its optimal area. However, to attain to perfection, researchers
proposed various optimal control methods. Besides optimizing the control strategies of power
flow for power-split HEV during traction, energy regeneration during braking is also an
important technique. This paper focuses on regenerative braking in a power-split HEV system
and specifically on how its control strategy can be formulated and optimized. The braking
control strategy adopts a fuzzy logic approach to make the best compromise between
mechanical braking torque and regenerative braking torque. An initial investigation of the
vehicle dynamic behavior under braking conditions serves as the basis for the development of
a control strategy for the best braking performance and maximum energy recovery. The
implementation of the control strategy requires a fully integrated traction and braking control
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model. The power-split HEV model is built with Matlab/Simulink package and the simulation
results show significant improvements in fuel consumption.

Keywords: Braking force distribution; hybrid electric vehicle (HEV); fuzzy logic control
(FLC); electric regenerative braking system (ERBS); mechanical-electric braking system.

1. GIOI THIEU

Viéc nghién ciu va phat trién xe lai
dong co-dién (HEV) da tr¢ nén phé bién
trén thé gigi do yéu cau tiéu chuan khi thai
6 nhidm ngay cang cao va ngudn ning
lugng hod thach ngay cang can kiét. Giai
phap két hop gitta dong xe dung dong co
dbt trong véi xe dién khiac phuc duoc sy
han ché cua chang.

Do6i véi xe truyén thong, luong ning
lugng dang ké s& bién thanh nhiét ning tiéu
ton trong sudt qua trinh phanh [1, 2]. Dé
tiét kiém nang lugng, HEV sé& két hop ca hé
théng phanh co hoc va hé thong phanh dién
dé vira dat hiéu qua phanh va tan dung téi
da nang luong tai sinh. Pong co dién sé
chuyén do6i dong ning thanh ning luong
dién dé sac ac qui trong qua trinh phanh.
Do d6, phanh tai sinh 1a mot yéu té khong
thé thiéu dé cai thién hiéu qua cia HEV.
Céac nghién ctru d3 chi ra rang, tuy vao diéu
kién lai xe va cac chién thuat diéu khién
viéc tai sinh ning luwong c6 thé bd sung
thém dugc 8% dén 25% tong ning luong sir
dung cua xe [3, 4].

Chién thuat diéu khién phanh c6 vai tro
quan trong trong viéc thu hdi niang lwong
nhiéu nhét c6 thé ddng thoi duy tri sy 6n dinh
cuia xe trong qua trinh phanh. Nhiéu nghién
cru khac nhau da duoc thuc hién trén hé
thdng phanh téi sinh dé dap ung céc hoat
dong kiém soat phanh dua trén cac quy tic
[5], cac chién luoc diéu khién ding logic mo
[6, 7] va phuong phap tng dung mang no ron
[8]. Tuy nhién, cac nghién cau nay cha yéu
tap trung vao viéc cai thién viéc thu hdi nang
luong dua trén cac yéu té thong thuong. Didu
nay c6 nghia 1a cac myc tiéu vé do an toan,
do tin cay va kha nang ng dung chua duoc
nhu mong doi.

Chién thuat diéu khién phanh st dung
logic mo va phéan bo luc phanh trong HEV

ma tac gia dé& xut trong bai bao nay di thu
duoc ning lugng tai sinh téi da, an toan,
cling nhu ung dung dé& dang. Trong diéu
kién phanh, xe c6 thé dat dugc hiéu qua
ning luong tai sinh tdi wvu. N6 ciing c6 thé
ngan chan viéc bd cung banh xe va su trugt
bang cach phan phéi luc phanh phu hop dén
banh trude va banh sau tuy theo diéu kién
hoat dong. Két qua md phong di minh
chimg dugc tinh hiéu qua caa chién thuat
kiém soat phanh dé ra trong viéc dam bao
an toan, 6n dinh phanh va nang cao hiéu
suat ning lwong tai sinh.

2. NGUYEN LY PIEU KHIEN LUC
PHANH

2.1 Cau truc caa hé théng phanh

Trén HEV, hé thdng phanh lai két hop
ca hé théng phanh co va phanh dién nham
dat dugc luc phanh téi da, nang lugng hoi
phuc téi da nhung van dam bao an toan.
Hinh 1. cho thdy hé théng phanh, c6 thé
duoc kiém soat doc 1ap voi mé men phanh
cua banh xe trudc va banh sau. Trong hé
théng nay, banh trude sir dung ca phanh co
va dién, banh sau chi sir dung phanh co
hoc. Nhu vay, nang lugng tai tao chi duoc
tai sinh trén banh xe truéc bang dong co
dién (EM — Electronic Motor) va nap vao
ac qui (ESS — Energy Storage System). Hé
théng phanh nay gép phan bé sung luc
phanh qua lai gitra banh trugc va banh sau.
Hiéu suat phanh s& bi anh huong boi sy
thay doi tai trong dat 1én Ciu trudc va cau
sau khi giam téc do va tuy vao tai trong
thuc té cua xe. Dé duy tri sy 6n dinh cua
xe trong qua trinh phanh, cac banh xe phia
sau phai khong dugc khoa ctng trudc cac
banh xe trudc. Do vay, khi diéu khién
phanh phai nghién ciru sy phan bé cua lec
phanh gitra banh xe trudc va banh sau, va
su phan b giira hé thong phanh co khi va
hé théng phanh dién.
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Hinh 1. So' d6 phan bé hé thong phanh.
2.2 Nguyén Iy phan b lyc phanh

Hinh 2 cho thiy sy thay ddi tai trong
gitra cau trudc va cau sau khi phanh xe trén
duong bang phang. Luc can lan va luc can
khong khi dugc bo qua do ching rat nho so
vé6i luc phanh. j 1a d6 giam téc cua xe trong
qua trinh phanh, M 1a khéi lugng cua xe, luc
tac dung cua xe ¢ thé dugc biéu dién bang
phuong trinh (1), tai trong (m) chuyén tir cau
sau dén cau trudc nhu duge dinh nghia trong
phuong trinh (2). Lyc phanh banh trudc Fr va
lyc phanh béanh sau F, dugc ldy tir phuong
trinh (3) va (4). Wikgf] va W, [kgf] Ia tai
trong cau trudc va cau sau, p 1a hé sé ma sat
gitra 16p xe va mit duong.

F=M.j (1)

F.h 3
Ff:u-(wf+m)=u_<wf+Tg> 3
Fr=pu W, —m) = H(Wr _FThg> 4

Hinh 2. Sy phan bé tai trong khi phanh trén
dwong bang.

Pé dat duoc hiéu qua cao va on dinh
trong qua trinh phanh, bo diéu khién phai
phan phéi lyc phanh t6i da c6 thé dén banh
trude va banh sau dé ching cé thé khoé cang
cung luc. Bé phan phéi lyc phanh theo duong
cong ly tudng, ta can xac dinh hé s6 ma sat
gitra banh xe va mat duong. Tuy nhién, do hé
s6 ma sat nay lién tuc thay doi theo cac trang
thai hoat dong cua xe nén rit kho dé xac dinh
tryc tiép chdng. Vi thé, ta can phai xac dinh
ty 1& phan bd luc phanh cia banh trude (Ry)
va banh sau (R;). Céc ty sé nay duoc biéu
dién dudi dang phuong trinh (5), (6) va
ching khong phu thudc vao hé sé ma sét.

R Ff Mfg+m
f=F+F, M.g

(5)

Ry =1—R¢ (6)

Tt phuong trinh (5) va (6) cho ta thay
lyc phanh chi phu thugc vao tai trong va toc
d6 giam tc j. M6 men ham & banh trude va
banh xe dugc xac dinh theo phuong trinh (9)
va (10).

F; = F.R; )
F. =F.R, (8)
Tyr = k. F; 9)
Tyr = k. Fy (10)

Trong do: r la béan kinh cuaa 16p [m], g la gia
tc trong trudng [m/s?], va ig 12 ty s6 truyén
Vi sai.

Tuong ty, tinh toan su phan bé tai trong
trén duong ddc nhu Hinh 3, do giam téc
dugc do bang cam bién gia téc (asen), phuong
trinh (12). Luc phanh dugc xac dinh theo
phuong trinh (14).

Agen = g.Sin0 +j (12)
M.j = M.g.sin6 — F (13)
F=M.g.sinf + M.j = M. age, (14)
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Hinh 3. Si phan b tai trong khi phanh trén
dwong doc.

Vi vay, su phan bd tai trong dugce uéc
tinh bang céch st dung cam bién gia tdc, viéc
phan phdi lyc phanh 1y tuéng co thé duoc
thuc hién ngay ca trén duong bing hay
duong doc. Tir céc tinh toan trén, viéc kiém
soat lyc phanh Iy tuong c6 thé duoc thuc
hién bang cach udc lugng lwong sy phan bd
tai trong va trong luong xe thuc té bang céach
sir dung cam bién do gia t6c [9].

2.3 Chién thuat diéu khién téi wu ning
lwgng téi sinh

Nguyén Iy cua chién thuat diéu khién
nham phan phéi tdi da luc phanh cho banh xe
phia truc trong qué trinh phanh. Pong thoi
bao dam banh sau khong dugc khéa sém hon
banh xe trudc véi bat ky hé sé bam nao. Luc
phanh duoc phan bo trén banh xe phia trugc
cang 16n thi cang nhiéu niang lugng s& duoc
thu hoi dé sac cho ac qui. Hiéu suat phanh
yéu cau phai khdng c6 banh xe nao bi khoa
va lyc phanh trén banh sau phai cao hon
duong cong diéu chinh ECE nhu thé hién
trong hinh 4. Luc phanh trén banh trudc va
banh sau phu thudc vao téc do giam téc cua
xe va hé s6 bam cua mat duong [10].
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Hinh 4. Phan b6 luc phanh giita banh triréc
va banh sau

Khi lyc phanh nho hon 0.2g (z = 0.2),
toan bo luc phanh s& duoc b tri cho banh xe
trude dé sir dung phanh tai sinh, khdng c6 luc
phanh co hoc dugc ap dung cho banh trudc
hodc banh sau. Khi @6 phanh 16n hon 0.2g, hé
thdng co hoc méi duoc bat dau sir dung. Luc
phanh s& dugc phan phéi cho banh trudc va
banh sau theo sau sy phan bd luc phanh Iy
tuong (duong cong I). Pong thoi, luc phanh
trén banh xe trudc s& duoc phan bd ca phanh
dién va co hoc véi luong ning luong téi da
phuc hdi dugc. Cong suat phanh téi da phai
khong dugc vuot qua cong suat tdi da cua
dong co dién va kha nang luu trit cua ac qui.
Ngoai ra, cong suat phanh téi thiéu trén cau
sau phai thod man tiéu chuan ECE. Do dé, luc
phanh trén banh truéc va banh sau cé thé thay
dbi trong mot pham vi nhat dinh. Pham vi nay
bi han ché bai duong cong phan phdi luc
phanh 1y tuéng va duong cong ECE. Tuy
nhién, tly thudc vao diéu kién hoat dong luc
phanh s& dugc phan bd dé dap tmg ning
luong phuc hoi téi da tir banh xe phia trudc.

3. THIET KE BQ PIEU KHIEN LUC
PHANH

Trong nghién ctu nay viéc kiém soat
phanh s& tap trung vao phanh tai sinh t6i da
nhit cé thé, va dugc kiém soat boi mot sd
yéu té gdom: téc do xe, moé-men phanh yéu
cau va trang thai sac (SOC) cua 4c qui. SOC
cia ic qui c6 thé anh huong dén hiéu qua
trong qua trinh nap va phong dién cua binh.
Hoat dong t6i wu cua dc qui nén dugc kiém
soat trong khoang giira 0.5 va 0.7. Cac mdi
quan hé giira cac yéu té nay s& duogc thuc
hién bai bo diéu khién logic mo [11].

Lién quan dén su an toan khi lai xe, néu
md-men phanh yéu ciu lén (truong hop khan
cap), thi momen phanh tai sinh nén bang
khong (chi c6 phanh co khi). Tuong tu, khi
téc do xe cao, ciing chi 4p dung phanh co khi.
Néu tdc do xe rat thap, hiéu suat cia dong co
dién rat thap, va phanh tai tao khdng hiéu qua
nén ciing khong duoc st dung [12].

Minh ching cho sy hiéu qua cua bo diéu
khién phanh, ta sir dung xe thuc té véi cac
thong s6 ky thuat nhu trong Bang 1 dé thuc
hién mo phong.
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Bdng 1. Thong sé kj thugt xe diing md phong
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Tir phén tich trén ta thiy ba yéu té dau
vao cua bo diéu khién logic mo bao gom mo
men phanh yéu cau, SOC, va toc d6 xe. Dé
tang tinh tdng quat, tat ca cac dau vao va dau
ra nén dugc chuan hoa trong pham vi [0, 1].
Céc dinh nghia cua cac dau vao nay dugc liét
ké nhu sau.

Moémen phanh duoc phan ra 5 ham sé
con trong pham vi [-1, 0] nhu thé hién trong
hinh 5. Yéu cidu mé men phanh dugc chia
thanh 5 ving nhu VH (md men phanh rt
cao), H (md men phanh cao), M (M& men
phanh trung binh), L (m6 men phanh thap) va
VL (md men phanh rét thap).
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Hinh 5. Tin hiéu dau vao mé men phanh

Tuong tu, téc do6 xe va SOC dau vao
cling ¢6 nim mirc @6 nhu thé hién trong hinh
6 va hinh 7 tuwong wtng. Vi qua trinh
phong-nap toi wu cua ac qui la tr 50%
dén70% cong suit, diu vao SOC tap trung
chu yéu & ving ndy. Cac ham thanh phan
dugc trinh bay trong Hinh 7.
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Hinh 8. Bau ra cua bg diéu khién phanh

Pau ra cua b diéu khién phanh Ia ty 18
cuaa md men hdm tai sinh trén truc trudc véi
tong md men yéu cau. C6 5 ham thanh phén,
VL, L, M, H, va VH, nhu trong Hinh 8. Hinh
9 thé hién két qua dau ra caa bo diéu khién
phanh tng dung logic mo theo db thi 3D.
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Hinh 9. Bié’uydé‘ 3D thé hién két qua cua bg
dieu khien phanh si dung logic mo

Bo diéu khién phanh tinh toan ty &
phanh tai sinh trén tryc truéc dé dam bao
ning lugng tai sinh 1a t6i da ma van bao dam
an toan. Luc phanh con lai duoc phan phdi
cho viéc phanh co hoc cua truc trudc va sau.
Hinh 10 cho thiy luu d6 thuat todn mo ta su
phan b phanh trén banh trude va banh sau.
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Tffr:Tfm'Tgen
T=Tm

Ti= Tfm'Tgen
T=To Tim

Tt=Thm
T=To Tim

Tir=Tm
T=Tm

Hinh 10. Chién thugt phan phoi md men
phanh trén cau trueéc | sau

Trong luu d6 thuat toan, Tg, To, Ter, Tr,
Tgen, Ttm, V& Trm 130 Tuot 12 13 ty 16 mo men
phanh tai sinh va mé men phanh y&u cau, md
men phanh yéu cau, mé men phanh co khi tal
cau trudc, mdé men phanh co khi tai Cau sau,
mé men phanh tai sinh cau trugc, md men
phanh cuc dai cau truéc va mé men phanh
cuc dai Cau sau.

4. KET QUA MO PHONG

Bo diéu khién md men phanh di duoc
thiét ké va mo phong bang Simulink/ Matlab
trén chu trinh thir két hop méi cua chau Au
phd bién NEDC (New Europe Driving
Cycle). H|nh 11, cho thay van tc thuc té
mong mudn cua xe va van toc tinh toan md
phong tiém can véi nhau. Hinh 12 thé hién ty
I¢ m& men phanh tai sinh véi mé men phanh
can thiét rat cao, nghia la bo diéu khién
phanh thu hdi ning luong trong qua trinh
phanh rat tét. Hinh 13, cho biét sy thay ddi
tinh trang sac ac qui khi xe chay theo chu
trinh NEDC. Ac qui luén hoat dong & pham
vi t6i uu thong qua cac chu trinh l4i xe nay.
Cubi cung, Hinh 14 chi ra cac diém hoat

dong trong ban dd hiéu suat caa dong co dién.

Céac diém van hanh cua dong co moé men
X03an am, nghia 13 dong co c6 vai tro 13 may
phat dién. Bong co ciing hoat dong ¢ khu
vuc ¢6 hiéu suét cao.
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Hinh 12. Ty so md men phanh téi sinh va mo
men can phanh.
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Hinh 14. Cdc diém hoat déng cia EM

Pé danh gia bo diéu khién phanh,
chuong trinh moé phong dugc thuc hién trén
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bo diéu khién dung logic mo va bo diéu
khién dya vao luat (Rule-based controller).
Bang 2 cho thay két qua thuc hién trén ting
chu ky 14i xe cu thé.
Bdang 2. Tiéu thu nhién li¢u véi phanh tai
sinh si dung bg diéu khién dia vao lugt va
bg diéu khién dung logic mo.

chy | Bodieu | Bgdicu
s khién dua | khién dung | Hiéu qua
trinh X n s
thi vao luét logic mo (%)
Y | La00km | L/100km
NEDC 4,43 4,22 4,6 %
UDDS 4,76 451 5,25 %

Tur két qua trén, md hinh thuc hién véi
bo diéu khién phanh dung logic mo da dat
dugc hiéu qua tiét kiém nang luong cao hon
so véi bo didu khién phanh dua vao luat, dic
biét 1a khi xe van hanh trong d6 thi. Trong
chu trinh 14i xe d6 thi theo chu trinh thtr cua
lién ban My - UDDS (Urban Dynamometer
Driving Schedule), xe sir dung bo diéu khién
phanh tai sinh dung logic mo tiét kiem 4,6%

S0 Vi hé thdng sir dung bo diéu khién phanh
dua vao luat. Tuong tu, trong chu trinh lai xe
két hgp NEDC, xe sur dung hé théng phanh
tai sinh dung logic mo tiét kiém dugc 5,25%
S0 Vi hé thong phanh vai bo diéu khién dua
vao luat.

5. KET LUAN

Bo diéu khién phanh st dung logic mo
da dugc thiét ké va md phong, két qua chung
minh trén xe lai dong co - dién kiéu hdn hop
dat két qua nang lugng tai sinh cao. Bo diéu
khién phanh tai sinh da thu hdi nhiéu ning
lugng nhat va dam bao an toan trong qué
trinh phanh. Ap dung logic mo dé thiét ké
cac bo diéu khién phanh véi chién luoc kiém
soat dé xuat d3 nhan duoc hiéu suit tdt hon
va tiét kiém nhién liéu hon.

Bo diéu khién phanh ludn dap ung céc
yéu cau cia qué trinh diéu khién theo tin hiéu
ban dap phanh, dc qui ludn cung cip du ning
luong dap tng theo ting ché do van hanh caa
xe HEVs va ludn dam bao sy on dinh cua xe
trong sudt qua trinh phanh.
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