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TOM TAT

Hiéu sudt ciia 6 t6 dién lai (HEV) Néi tiép — Song song phu thudc 16n vao chién lwoc gidi
han trang thdi sac (SOC). Viéc thiét ldp dai SOC luén vap phdi sy danh doi: dai qud hep khién
déng co dot trong phai khoi dong/dirng lién tuc gdy mat on dinh co hoc, trong khi dai qud réng gdy
hao phi nang lwong do mdy phat phdi ganh tai nap. Théng qua mé phong trén chu trinh tiéu chudn
WLTP va diéu kién giao théng dé thi Ha Néi, bai bdo ddanh gid cdc kich ban diéu khién bién dj SOC
khéc nhau nham tim ra diém van hanh can bang. Két qud chirng minh chién lec thiét ldp dai sac &
mike trung binh cao la gidi phap hiéu qud nhat. Phirong phdp ndy vira triét tiéu sw mat on dinh cia
dong co, vira duy tri dii khéng gian dém tinh dé cuc dai héa nang heong thu hoi tir phanh tdi sinh,
qua dé cai thién dang ké mike tiéu hao nhién liéu tong thé.

T khéa: O 16 dién lai (HEV); Trang thdi sac (SOC); Chién lwoc diéu khién; WLTP.
ABSTRACT

The efficiency of a Series-Parallel Hybrid Electric Vehicle (HEV) depends heavily on the
State of Charge (SOC) limit strategy. Setting the SOC range always involves a trade-off: a very
narrow range makes the engine start and stop too often, causing mechanical instability. Meanwhile,
a very wide range causes energy loss because the generator has to work hard to charge the battery.
By simulating the standard WLTP cycle and Hanoi's urban traffic conditions, this paper evaluates
different SOC range control scenarios to find the best balance point. The results show that setting a
medium-high SOC range is the most effective solution. This method reduces engine instability while
keeping enough battery space to maximize energy recovery from regenerative braking, thereby
greatly improving overall fuel economy.

Keywords: Hybrid Electric Vehicle (HEV), State of Charge (SOC), Control strategy; WLTP. &~
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1. GIOI THIEU

Trong nd luc dién hoa giao thong nham
giam thiéu phat sinh khi nha kinh, 6 t6 dién lai
(Hybrid Electric Vehicle — HEV) cdu tric N6i
tiép — Song song (Series — Parallel) dugc xem
1a giai phap chuyén tiép toi wu nhat, giai quyét
triét dé bai toan gi61 han tam hoat dong cua xe
thuan dién. Bang viéc két hop dong co dét trong
(ICE) va hé théng mo-to dién, cdu trac niy cho
phép ICE ludn hoat dong ¢ ving hiéu suét nhiét
cao, doc 1ap véi sy bién thién tai trong & banh
xe [1]. Su vuot trdi vé tinh kinh té nhién liéu
ctia xe HEV bdc 10 o nhat trong diéu kién giao
thong d6 thi “dung va khéi hanh lién tuc”. Nho
kha ning van hanh thuan dién ¢ dai toc d6 thap
va hé théng phanh tai sinh gitip thu hdi dong
nang [2], cac nghién ctru thyc nghiém vé tiéu
hao nhién li€u trong diéu kién 14i thuc té cua
Huang va cong su [3] da khing dinh: Mic du
murc tiéu hao nhién liéu ngoai thyc té thuong
cao hon két qua thr nghiém trong phong lab,
xe HEV van mang lai hiéu qua kinh té vuot
troi khi tiét kiém duoc tir (23% - 49%) lugng
nhién lidu so v&i cac phuong tién truyén thong
sir dung dong co ddt trong (ICE) cung phan
khiic. Hiéu qua ciia Chién luoc Quan 1y Ning
luong (EMS) phu thudc 16n vao viéc kiém soat
dai SOC. Viéc duy tri SOC ¢ ving thap (40%
- 60%) gitip h¢ thong tdi da hoa ché do xa kiét
[4]. Tuy nhién, dai sac qua hep dé gay ra hién
tugng dong co bat/tat lién tuc, lam giam do ém
diu va tang phat thai [5]. Nguoc lai, néu ép sac
qua cao (~ 100%), dong co (ICE) s€ phai lién
tuc kéo thém phu tai du thira tr may phat, gay
lang phi nhién lidu va 1am mat khong gian thu
ho6i nang luong phanh téi sinh [6]. Khac phuc
han ché ciia cac nghién ctru trude khi thuong
bo qua gi6i han phan ctng thuc té va diéu kién
giao thong ban dia, bai bao nay dinh lugng
hiéu qua tiét kiém nhién lidu cia 3 dai SOC:
(30% - 100%), (40% - 60%) va (50% - 80%)
trén ca chu trinh thir nghiém quéc t&é WLTP va

chu trinh d6 thi Ha Noi thuc té. Dong gop cot
161 1a viéc 1am rd su danh ddi giita t6i wu nhién
liéu va d6 6n dinh co dién. Két qua mo phong
chting minh dai can bang (50% - 80%) 1a giai
phap toan dién nhét: triét tiéu ton hao cong suat
v6 ich, loai bo hoan toan sy dong/ngit dong co
lién tuc va cuc dai héa nang lugng phanh tai
sinh, dic biét phu hop voi dic thu un tic giao
thong tai Viét Nam.

2. XAY DUNG MO HINH HE THONG
HYBRID

Ciu trac truyén luc tong thé cua hé
thong dugc minh hoa nhu trong Hinh 1.
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Hinh 1. So' do cdu triic hé thong truyén lyc 6 t6
Hybrid Noi tiéep — Song song

Nhu thé hién trén Hinh 1, hé thong sir
dung bo chia cong suat dang banh ring hanh
tinh dé lién két co hoc va phan phdi dong ning
lwong linh hoat giira dong co ddt trong (ICE),
May phat dién (Motor 1 — MG1) va M6 to kéo
(Motor 2 — MG2). Tty thudc vao yéu cau cong
sudt va trang thai sac cta pin, hé thong didu
khién EMS xéc lap cac ché do van hanh chinh
bao gdm: Ché d6 thuan dién (EV Mode), Ché
d6 lai (Hybrid Mode), Ché do tang toc, Ché do
phanh tai sinh.

Pé hién thuc hoa va kiém soat chinh
xac sy chuyén doi gitra cac trang thai van hanh
néu trén, dong luc hoc cua hé thong truyén luc
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Power — Split dugc chi phéi truc tiép boi co cAu
banh ring hanh tinh. Trong ciu hinh nay, dong
co dét trong (ICE) duoc két nbi voi gia banh
rang hanh tinh (Carrie), may phat dién (MG1)
ndi véi banh ring mit troi (Sun Gear), va md
— to kéo (MG2) nbi Voi banh rang Vanh chau
(Ring Gear) Vi ty s6 tmyen clia co cau la p =

R,/R, m01 quan hé vé toc do quay (®) va md
— men xodn (T) gitra cac thanh phan dugc rang
budc chat ché qua hé phuong trinh [7]:

y7, 1
2 meﬂm +mwmz (1)
Te +TMGI +TMG2 =0 (2)
1+
T, =(1+ )Ty, ——T“T (3)

Trong do: w_ la téc d6 dong co dot trong
(ICE), mMGl 1a tbc do cua may phat MG1, o,
la toc do cuia dong co di¢n MG2.

Bén canh yéu td dong luc hoc, dé bo
diéu khién EMS dua ra quyét dinh phan b
dong cong suét chinh 14 trang thai (SOC) cua
cum pin dién cao ap. Sy bién thién dung luong
pin tai bat ky thoi diém t ndo trong chu trinh
hoat dong déu duge hé théng giam sat va tinh
toan lién tuc theo phuong trinh:

SOC(1) = SOC, — Cib [ N,(0)dz 4)

Trong do: SOC, C, Tuong ung la
phan tram va dung luO’ng ban dau, N, - Cong
suit nap/xa.

3. KHAO SAT CAC VUNG HOAT PONG
CUA DUNG LUQNG PIN (SOC)

Trang thai sac (State of Charge — SOC)
dai dién cho muc nang luong kha dung hién
tai cua cum pin di¢n dp cao, dugc dinh nghia

1a ty s gitra dung lwong con lai va dung lugng
dinh danh cua pin [1]. Viéc duy tri SOC trong
mot dai 1am viée 1y tuong dong vai tro séng
con trong vi¢c tdi wu hoa hiéu suit nhiét cua
dong co d6t trong, kéo dai tudi tho chu ky nap/
x4, va dam bao khong gian dém dé hap thy hiéu
qua dong dién tir hé théng phanh tai sinh. Dua
trén nguyén 1y ndy, nham dénh gia tic dong cua
chién lugc quan 1y ning lugng, nghién ciru tién
hanh thiét 1ap va khao sat ba dai van hanh SOC
trén chu trinh mo phong.

Dai van hanh dau tién duoc thiét 1ap
1a ché d6 sac nguyén ban (30% — 100%). Muc
dich cua céu hinh nay 1a dé quan sat phan tng
cua hé théng khi duy tri muc ti€u SOC ti€m can
mirc day, qua d6 danh gia mirc do phu tai kéo
may phat (MG1) ma dong co ICE phai ganh
chiu, cling nhu sy suy giam khong gian dém
dung cho viéc thu hoi dong nang. Nham tao su
d6i chtng, dai van hanh tha hai ap dung ché do
xa kiét voi bién do hep (40% — 60%) dé kiém
tra giéi han cua viéc wu tién chay thuan dién
(EV Mode). Vi cau hinh nay, nghién ctru chu
trong khao sat hi¢n tuong hé théng c6 thé roi
vao trang thai dong/ngit dong co lién tuc khi
tiém can cac ngudng bién hep.

Cubi cung dai sac can bang (50% —
80%) dugc dua vao khao sat nhu mot phuong
an trung gian. Nghién ctru dt ra gia thuyét rang
bién d6 30% sé& cung cap du khong gian dé triét
tiéu hién tuong dong/ngit may lién tuc, dong
thoi muc tran 80% s& luon duy tri dugc 20%
dung luong tréng. Hiéu qua thyc té ctia khoang
dém nay trong viéc hap thu dong ning luong
phanh tai sinh, ddc biét trong cac diéu kién giao
thong un tic, s& dugc do ludng va 1am rd théng
qua cic két qua chay mo phong & phan sau.

4. MO PHONG VA DPANH GIA

4.1.Panh gia véi chu trinh tiéu chuin WLTP &

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 342, thang 6 nim 2026 RREY

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

Qua trinh m6 phong duoc thuc hién
trén chu trinh tiéu chuan WLTP véi dung luong
pin khoi di‘ém duorc thiét 1ap tai SOC, = 75%.
Quan sat do thi bién thién trang théi sac & Hinh
2, dai xa kiét (40% — 60%) lap tuc sut giam
dung lugng dé uu tién ché do thuan dién (EV).
Tuy nhién sau do6, quy dao SOC tang giam
quanh mdc 60%. Sy thiéu 6n dinh nay xay ra
do hé thong phai lién tuc can thiép dé duy tri
pin trong gidi han chat hep cua bién do 20%.

Mat khac, quy dao cua dai sac nguyén
ban (30% — 100%) va dai sac can bang (50%
— 80%) hoan toan trung khép & ntra dau chu
trinh do muc pin 75% nam trong ving an toan.
Su phan hoa chi xuat hién ¢ giai doan cubi khi
dung luong cham ngudng 80%. Tai diém nut
nay, ciu hinh 30% — 100% tiép tuc sac (duong
SOC di 1én), diéu nay khién dong co van phai
tiéu hao nhién liéu dé kéo may phat va lam mat
di khoang dém an toan. Trai lai, c4u hinh 50%
— 80% chu dong ngat phu tai sac (duong SOC
di xudng) dé duy tri nghiém ngit 20% dung
luong trong. Sy tach roi quy dao nay chinh 1a
minh chimg rd nét viéc dai 50% — 80% vira
giai phong ganh ndng cho dong co, vira ddm
bao khong gian Iy tuong dé hap thy nang luong
phanh tai sinh trong céc pha giam toc tiép theo.

Suthay d6i SOC gilra ciic ving khio sit
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Hinh 2. Su thay doi SOC ciia chu trinh WLTP

Su thiéu 6n dinh cta dai 40% — 60%
duoc lam rd qua tin hi¢u di€u khién may phat
MG] trén Hinh 3. Trong co cau Power — Split,

do dong co ddt trong (ICE) va may phat (MG1)
lién két dong hoc chit ché qua cum banh rang
hanh tinh, mdy phat MG1 dong vai tro la tai
tiéu thu truc tiép cta ICE khi hé thong yéu cau
sac. Do vy, tin hi¢u kich hoat MG1 phéan é4nh
chinh x4c tin suét hé théng ra Iénh cho dong
co xang phai tham gia vao qué trinh phat dién.
T Hinh 3, do bién d6 lam viéc qua hep (chi
20%), ngay khi pin cham ngudng 40% hoac sac
day 1én 60%, thuat toan EMS budc phai chuyén
d6i trang théi lién tuc. Cac xung nhip dong/ngat
day dac 1a minh ching thuc nghiém cho viéc
dong co bi ép vao chu ky khoi dong/dung cuc
doan. Piéu nay giy ton hao chuyén tiép 16n,
lam suy giam d6 ém diu chuyén dong va day
nhanh qua trinh hao mon co khi.
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Hinh 3. D6 thi trang thdi déng/ngit ciia MG1

Su danh d6i trong chién lugc diéu khién
duoc thé hién rd nét qua biéu dd so sanh muc
ti€u thu nhién liéu tai Hinh 4. Dai 40% — 60%
ghi nhan mirc tiéu hao nhién liéu thap nhat do
da vat kiét nang lugng du trir ban dau dé chay
thuan dién. Tuy nhién, loi ich kinh té nay hoan
toan khong du dé bu dap cho nhuoc diém pha
huy tudi tho dong co. Trong khi d6, dai 30% —
100% gay lang phi nhién liéu cao nhat do dong
co xang lién tuc phai ganh tai kéo may phat.
Tur nhitng phén tich d6i sanh nay, ¢6 thé khang
dinh dai van hanh 50% — 80% la giai phap t6i
vu toan dién nhét: vira cit giam dang ké luong
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nhién liéu so véi thiét ké nguyén ban, vira duy
tri su 6n dinh van hanh tuyét doi.

Banh gia Mirc tiiu hao nhidn s trung binh WLTPF)

(1=
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Hinh 4. Murc tiéu hao nhién liéeu WLTP
4.2. Panh gia véi chu trinh thye té tai Ha Noi

Sau khi thtr nghiém thanh cong trén chu
trinh tiéu chuan WLTP, nghién ctru tién hanh
thir nghiém trén chu trinh thuc té tai Ha Noi.
Dir liéu van toc ndi d6 duoc thu thap truc tiép
trong diéu kién giao thong thuc té thong qua
g MATLAB Mobile tich hop trén thiét bi di
dong. Cac tin hi¢u tho sau d6 trai qua qua trinh
loc nhidu va xir 1y s lidu nghiém ngat, dam
bao chu trinh thtr nghi¢m phan anh voi dé tin
cdy cao nhét hanh vi ting/giam tbc lién tuc cta
dong phuong ti¢n.

Vi dac thu giao thong ndi do6 un tac, dd
thi van téc xuat hién day dic cac pha dd dfrng
& dai téc do thap. Két qua mo phong cho thay,
khoang dém 20% dung luong trong clia ciu
hinh 50% — 80% da phat huy tdi da hiéu qua
khi hip thy tron ven ngudn ning lugng phanh
tai sinh khong 16 tir cac pha giam tdc lién tuc.
Ngay ca trong diéu kién khic nghiét cia giao
thong Ha Noi, quy dao SOC van duy tri duoc
su On dinh, khong roi vao trang thai can kiét
nang luong hay qua tai nhiét, khang dinh tinh
kha thi va dg tin cdy cao cua chién luoc diéu
khién khi tmg dung vao thyc tién tai Viét Nam.

Surthay i SOC gitra céc viing khao sét
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Hinh 5. Su thay doi SOC ciia chu trinh thuc té
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Hinh 6. Muc tiéu hao nhién liéu chu trinh thuc 16
5. KET LUAN

Nghién ctru da danh gid thanh cong
chién lugc quan 1y nang lugng hé thong Hybrid
Power — Split qua chu trinh WLTP va dir li¢u
van tdc thuc té tai Ha Noi. Két qua chira r?mg,
dai sac nguyén ban (30% - 100%) gay lang phi
nhién li¢u, trong khi dai xa kiét (40% - 60%)
du tiét kiém nhat nhung lai phat sinh tan sut
dong/ngit dong co d6t trong (ICE) cuc doan,
1am suy giam nghiém trong tudi tho co khi.

Khéc phuc hoan toan cac nhugc diém
trén, dai sac can bang (50% - 80%) duoc khang
dinh 1a giai phap t6i uu toan dién. Vi bién do
van hanh 30% két hop 20% dung luong dém,
céu hinh nay vira triét tiéu hién tuong dao dong
bam bién, vira t6i da hoa kha ning thu hoi ning
luong phanh tai sinh trong diéu kién giao thong

ndi d6 un tac. Nghién clru cung cap co so thuc &~
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tién tin cay dé hiéu chinh thong s6 ECU, huéng
toi can bang gitra tinh kinh té nhién li¢u va do
bén vitng ciia phuong tién. %
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