BAI BAO KHOA HQC

TOI UU HOA CHIEN LUQC PIEU KHIEN CHUYEN SO DUA TREN MPC
CHO HE THONG TRUYEN LUC XE PIEN DA CAP

Bui Vin Hai'

Tém tit: Trong nhitng nam gan day, xe dién (Electric Vehicle — EV) ngay cang dwoc quan tdm va phdt trién
manh mé nho wu diém vé hiéu sucft nang luong cao, giam phat thai va than thién voi moi truong. Péi véi cdc
hé thong truyen liee xe dién da cap, chién hroc dzeu khién chuyen $6 déng vai tro quan trong trong viéc ning
cao hiéu sudt tong thé, cdi thién kha ndng tang toc, giam ton hao nang lu"ong va dam bao sw ém diu khi vdn
hanh. Bai bdo nay trinh bay phwong phdp t6i wu héa chién lwoc diéu khién chuyén so cho hé thong truyén
liee xe dién da cap du"a trén diéu khién dw bdo mé hinh (Model Predictive Control — MPC). Mo hinh dong
liee hoc ciia hé truyén luc diege xdy dung, trong dé xét dén ddc tinh cia dong co dién, hop so da cap va tdi
xe. Trén co s¢ do, bo diéu khlen MPC dwoc thiét ké nham téi wu dong thoi cde muc tiéu vé hiéu sudt nang
lwong, do ém diu chuyen s6 va mng budc vat ly cia hé thong Két qua mo phong cho thdy chién lwgc dé xudt

gillp cdi thién dang ké hiéu suat 0 V01 cdc phirong phap diéu khién truyen théng. o
Twr khéa: Xe dién, hop sb da cap, diéu khién du bao méd hinh, MPC, tdi uu héa chuyén so.

1. GIOI THIEU

Su phat trién cua xe dién d3 mo ra nhiéu hudng
nghién ciru méi trong linh vyc hé théng truyén Iuc
va diéu khién Khac véi xe st dung dong co dét
trong truyén thong, dong co dién co dac tinh mo-
men 16n & dai toc do thdp va higu suit cao trong
ving lam viéc rong. Tuy nhién, d01 voi cac ng
dung yéu cau kha ning ting tdc tdt, toc 46 tdi da cao
va t6i wru hidu sut nang lugng trén nhleu ché do van
hanh, hé théng truyén luc xe dién da cap ngay cang
dugc nghién ctru va tng dung. Trong hé thong
truyén luc da cip, van dé diéu khién chuyén sé c6
anh huong tryc tiép dén: Hiéu suat ning luong cua
toan hé théng. Do ém diu va thoai mai cho nguoi lai,
Tubi tho cua cac phin tir co khi, Kha ning dép 1’mg
dong luc hoc cua xe. Cac phuong phap diéu khién
chuyen sO truyén théng thuong dua trén luat diéu
khién theo ngudng (rule-based control) hodc ban o
chuyen s6 cb dinh. Nhimg phuong phap nay co uu
diém don gian nhung khé dam béo tinh tdi wu trong
moi diéu kién van hanh. Do d¢, diéu khién du bao
mo hinh (MPC) dugc xem la mot giai phap hiéu qua
nho kha ning xtr Iy da muyc tiéu, xét dén rang budc
h¢ thong va tdi uru héa trong mién thoi gian du bao.
Bai bao nay tap trung vao viéc xay dung va ti uu
hoa chién lugc diéu khién chuyén sé cho hé théng
truyén luc xe dién da cép dua trén MPC, nhim nang
cao hiéu suit va chét lugng van hanh cia xe. Cac mo
hinh hé théng truyén luc xe dién va hybrid ngay
cang duoc xay dung theo hudng két hop giira mo
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hinh vat 1y va dit liéu nham nang cao d6 chinh xac
va kha ning tmg dung thyc té. Theo cac nghién ciru
gin ddy, mé hinh HEV thudng bao gdm: Mo hinh
dong lyc hoc doc cua xe. M6 hinh dong co dbt trong
duwa trén ban d6 BSFC. M6 hinh may dién véi ban
d6 hiéu suat. M6 hinh pin c6 xét dén dién tro trong
va trang thai sac. M6 hinh truyén lyc. Cac nghién
ctru hién dai con tich hop thém cac yéu t nhu: M6
hinh nhiét cua pin. M6 hinh suy giam. M6 hinh du
bao tai.

2. MO HINH HE THONG TRUYEN LUC XE
PIEN PA CAP

2.1. CAu tric hé thong truyén lrc
" Central Control Unit
A(EnergyManagement) .

Battery / Fuel Cell —_
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Inverter Control
(PWM Control)

Motor Control
(Torque Control) (BMS)

Battery Management

0==9

Hinh 1. So' d6 cdu triic hé thong

H¢ thdng truyén Iyc xe dién da cap dugc xét
trong nghién ciru bao gom cac thanh phéan chinh:

125



Nguon nang luong (pin hogc b luu trir dién nang),
B¢ blen do6i ~cong suat va inverter. Dong co dién.
Hop so da cap Truyén dong cudi cung va banh Xe.
Hop s6 da cAp cho phép thay doi ty sb truyén nham
duy tri dong co dién lam viéc trong ving hiéu suét
cao, dong thoi dap ung yéu cau mo-men va toc do
cua xe (Guo, L., Li, G., Gao, B., Chen, H. 11, 2025)

2.2. M6 hinh d§ng luc hoc dong co dién

Dong co dién dugc mé hinh hoa thong qua quan
h¢ giita mo-men, toc d6 quay va cong suat. Mo-men
ddng co duoc xac dinh boi:

Ty = £ (@ i) (1)

trong d6 (T,,) 1a mo-men dong co, (o) 1a tée do
quay va (i) 1a dong dién diéu khién. Hiéu suit cua
dong co duoc biéu dién thong qua ban db hiéu suat.

Ban dé BSFC va quy dao téi uu DP
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Hinh 2. Bdan dé hiéu sudat dong co

2.3. M6 hinh hjp s6 da cip

Hop s6 da cap dugc md hinh hoa bang cac ty so
truyen roirac tuong (g véi timg cap sd. Quan hé giira
téc do dong co va tdc d6 banh xe duoc xac dinh boi:

Om = 1g 1g Oy @

Trong do (i) la ty s6 truyen cta cap sb hién tai, (io)
14 ty s6 truyén cudi va (o) 1 tbe dd goc banh xe.

Phdn Héi

2.4. M6 hinh ddng luc hoc xe

Phuong trinh cin bang luc doc cia xe dugc viét
dudi dang:

vm=F-F —F, 3)

trong d6: m la khéi luong xe, v 1a van tde xe, F,
la lyc kéo, F; 1a lyc can lan va F, 1a Iyc can khi dong.
1,1,

R

(&)

+ Luc kéo: F =

t

. Trong 36 T,,. M6 men

dong co dién (Nm), ne. Hiéu suét truyén luc, Ro: ban
kinh banh xe (m). Lyc can lan: F, = mgf, cos(6)

. Trong do6. p:

a

1
Luc can khi dong. F, =5pACdv2

mat do khong khi (= 1.2 kg/m®). A: dién tich can gio
(m?). Cq: hé s6 can khi dong (0.25 — 0.35). v: van
tde xe (m/s)

3. THIET KE BQ PIEU KHIEN MPC CHO
CHIEN LUQC CHUYEN SO

3.1. Nguyén ly diéu khién dy bio méd hinh
(MPC)

Nguyén ly diéu khién dy bao mé hinh sir dung
mo hinh toan hoc ctia hé théng dé du doan trang thai
tuong lai trong mét khoang thoi gian du bao hitu
han. Tai moi budc léy mAu, bai toan tdi uu duoc giai
nhim tim ra tin hiéu diéu khién t6i vu sao cho ham
muc ti€u dat gia tri nhd nhat, déng thoi thoa man cac
rang bugc cia hé théng. Diéu khién du bao mé hinh
(MPC) 1a mot phuong phap diéu khién tdi wu trong
d6 tin hiéu diéu khién dugc xac dinh bang cach giai
mdt bai toan tdi wu trong mot ctra s6 du bao hitu han
tai mdi thoi diém ldy miu. Khic voi Dynamic
Programming (DP) 1a phuong phép tdi wu toan cuc.
MPC hoat dong theo co ché (Hao, J., Ruan, S.,
Wang, W. 2023): Tbi wu trong twong lai gan. Ap
dung diéu khién tai thoi diém hién tai. Lap lai theo
nguyén ly.
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Hinh 3. So' do diéu khién mé hinh (MPC)
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3.2. Bién trang thai va bién diéu khién

Trong nghién ctru nay, cac bién trang thai bao
gém toc do xe, toc dd dong co va cép sb hién tai.
Céc bién diéu khién 1a moé-men dong co va lénh
chuyén b (Hao, J., Ruan, S., Wang, W. 2023). B0
diéu khién MPC ddng thoi t6i wu cac bién nay nham
dam bao dap ung dong hoc, han ché chuyén s
khong can thiét va giam tiéu thy ning luong cua hé
thdng truyén lyc.

3.3. Ham muc tiéu

Ham muc tiéu coa bd diéu khién MPC duge xay
dung nham tdi wu dong thoi cac tiéu chi sau: Giam tiéu
thy nang lugng. Giam dd giat va dao ddng mo-men khi
chuyén s6. Han ché s6 1an chuyén s6 khong can thiét.

Ham muyc tiéu téng quat c6 dang:

Np
J = Z a)I})tnnhan (k
k=1

Trong d6: Np 1a chidu dai khoang dy bao, o;:
Trong s cho cong sudt dong co (uu tién tiét kiem
nhién li¢u). m,: Trong sb cho sai léch m6-men (dam
bao bam tai). w;: Trong sd cho sai léch toc do (6n
dinh hé thong).

3.4. Rang bujc h¢ théng

B diéu khién MPC xét dén cac rang budc: Gidi
han mé-men va téc d6 dong co. Gidi han chuyén sb
vat 1y ciia hop s6. Yéu cau an toan va do bén co khi.
Trong nghién ctru ndy, bd diéu khién dy bao mo
hinh (MPC) duoc thiét ké trén co s xét dong thoi
cac rang budc vat 1y va k¥ thuat ciia hé thong truyén
lyc xe dién da cdp. Cac rang budc ndy nhim dam
bao tinh kha thi cia nghiém t6i rru, an toan van hanh
va d6 bén co khi ctia hé thong.

Rang budc mo-men dong co di€n

Mo-men dong co 1a bién diéu khién lién tuc
chinh trong bai toan MPC va bi gidéi han boi kha
nang lam vi¢c cia dong co dién:

Tm, minS Tm(k)S Tm,max~

Trong do:

Tonmin = 40Nm, Tipmax= 180NmM (5)

Rang bujc toc dd dong co. Toc d6 dong co
duoc xem la bién trang thai va chiu rang budc: ®m min
< Omk) < Ommax . YOI Ommin = 0 vOng/phit, Om max =
3000 vong/phut

4. KET QUA MO PHONG

Cac thong sb dau vao. bong co cuc dai 80 kw,
bong co dién cuc dai 50kw, Pin dung luwong 6Ah,
dién ap danh dinh 300v, hop s 5 cap sb. Két qua mo
phong duya trén cac thong sb cia xe.

Hinh 4 thé hién sy thay doi van tdc cua xe theo
thot gian trong qua trinh m6 phong. Co thé nhan
thdy rang van tdc xe ting dan tur trang thai dimg yén
va ti€ém can gia tri vin toc 6n dinh mong muon.

)+ ®,AT (k) +w,A, (k) (@)
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Trong sut qua trinh ting téc va van hanh, dép tng
van toc cua xe dudi tac ddng cua bo diéu khién MPC
la lién tyuc va muot, khong xuét hién cac dao dong
16n tai cac thoi diém chuyén sé. So véi viée diéu
khién truyen thong, phuong phap MPC cho kha nang
bam van toc t6t hon, dic biét trong cac giai doan
chuyén tiép. Diéu nay cho thiy bo diéu khién MPC
d3 phéi hop hiéu qua giita mo-men dong co va quyét
dinh chuyén s6, dam bao luc kéo tai banh xe dugc
duy tri on dinh. “Mic du cac viée diéu khién truyén
thdng c6 wu diém vé tinh don gian va kha ning trién
khai thuc té, chiung thuong khong dat duoc hi¢u qua
t6i uu vé niang luong do khong khai thic diy du
thong tin ctia chu trinh 14i va dic tinh hé thong.
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Hinh 4. Vin téc xe theo thoi gian
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Hinh 5. Sy thay doi mé-men dong co dién

Hinh 5 trinh bay sy thay d6i mé-men ciia dong co
dién theo thoi gian. Két qua cho thiy mo-men dong
co dudi sy didu khién cia MPC thay d6i mot cach
lién tyuc va cod bién do dao dong nhd. Tai cac thoi
diém chuyén sd, khong xuét hién cac xung mo-men
16n, gop phan lam giam do giat va nang cao do ém
diu khi van hanh. Nguoc lai, v6i chién lugc diéu
khién theo truyén théng, mo-men dong co co xu
hudng bién thién manh hon, dic biét trong cac pha
chuyén sd. Piéu nay ching t6 MPC c6 kha ning lam
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muot mo-men hiéu qua hon, tir d6 giam tai dong cho
cac phan tir co khi trong h¢ thong truyén luc.

=

S

o
s

=

N

o
s

-

o

o
L

60 1

Nang lugng tiéu thu (k))

40

20

0 10 20 30 40 50 60
Thai gian (s)

Hinh 6. Chien luoc lya chon cap so cua hop so da cap

Hinh 6 minh hoa qua trinh lya chon cép s6 cua
hop s da cap theo thoi gian. Trong giai doan dau
(0-10 s), nang luong tiéu thy ting cham, cho thay hé
thdng hoat dong ¢ tai thip hodc giai doan khoi dong.
Ttr khoang 10-40 s, duong cong c6 xu hudng tang
gan tuyén tinh, phan anh trang thai van hanh 6n dinh
voi cong suat tiéu thy tuong dbi khong do6i. O g1a1
doan sau (40-60 s), ndng luong tlep tuc tang voi toe
d6 gan nhu khong doi, cho thiy hé thong duy tri
muc tai on dinh trong subt chu trinh. Co6 thé thay
réng bd didu khién MPC thuc hién chuyén sb tai cac
thoi diém hop 1y, pht hop vé6i trang thai van hanh
cua xe va dong co dién. Chién lugc MPC han ché
hién tuong chuyén sb lién tuc , thudng gip trong cac
phuong phap diéu khién dya trén ngudng. Nho kha
ning du bao trang thai twong lai ctia hé thong, MPC
chi thu’c hién chuyén s6 khi mang lai loi ich ro rét vé
hleu sudt hodc kha nang dap img, qua d6 nang cao
d6 6n dinh va tudi tho ciia hdp sb.
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Hinh 7. Nang lwong tiéu thu ciia hé thong truyén luc
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Hinh 7 thé hién nang lugng ti€u thu tich Iy cua
h¢ théng truyén lyc trong subt qué trinh mo phong.
Két qua cho thay chién Iuge diéu khién MPC gitip
giam murc tiéu thy nang lugng so voi didu khién theo
luat. Nguyén nhan chi yéu 1a do MPC duy tri dong
co dién 1am viéc trong vung hi¢u suét cao, déng thoi
giam cac ché @6 van hanh kém hiéu qua va han ché
sO lan chuyén s6 khong can thiét. Dicu nay chirng
minh hiéu qua cia phuong phap MPC trong viéc toi
uu hoa ning lugng cho h¢ thng truyén luc xe dién
da cip.
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Hinh 8. So sanh mirc tiét kiém nang luong tiéu thu
gitta MPC va diéu khién hé thong truyén lyc

Hinh 8 trinh bay lwong ning luwong tiét kiém
duoc khi str dung chién luge diéu khién MPC so véi
phuong phap diéu khién theo luat. DB thi cho thiy
muc chénh Iéch nang lugng ngay cang tang theo thoi
gian, chung t6 loi ich tich liy cuia MPC trong qua
trinh van hanh. Két qua nay khang dinh rang chién
lwoc diéu khién chuyén s dya trén MPC khong chi
cai thién chat luorng déng luc hoc ma con mang lai
hiéu qua ro rét vé mat tiét kiém nang luong, phu hop
voi muc tiéu phat trién cac hé thong truyén luc xe
dién hiéu sudt cao. M6 hinh hé théng va bo diéu
khién MPC dugc xay dung va md phong trén moi
truong MATLAB/Simulink. Cac trang thai vin hanh
khac nhau nhu ting toc, chay on dinh va thay doi tai
dugc st dung dé démh gié hiéu qua cua chién lugc
diéu khlen dé xuat. Két qua moé phong cho thay
Hiéu suit nang luorng duorc cai thién so vdi chién
lwoc diéu khién chuyén sb truyén thong, Qua trinh
chuyén s6 dién ra ém diu hon, giam dao dong mo-
men. Pong co dién lam viéc chi yéu trong ving
hiéu suat cao. Nhimng két qua nay ching minh tinh
hiéu qua va kha thi cua phuong phap MPC trong
diéu khlen chuyén s6 cho hé thdng truyén luc xe
dién da cép.

5. KET LUAN

Bai bao di trinh bay phuong phap t6i uu hoa
chién lugc diéu khién chuyén s cho h¢ thong truyén
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lyc xe dién da cap dua trén diéu khién du bao md  cho thiy phuwong phap dé xuat mang lai hiéu qua rd
hinh MPC. Théng qua viéc xdy dung md hinh dong  rét so voi cac chién luge diéu khién truyén thong.
luc hoc va thiét ké ham muc tiéu phu hop, bo diéu Trong tuong lai, nghién ctru co thé duoc mé rong
khién MPC cho phép ti wu dong thoi hiéu suat ning  bang cach tich hop cac yéu td bat dinh, diéu kién
lwong va chat lugng chuyén sd. Két qua md phong  giao thong thyc té va thir nghiém trén xe thyc.
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Abstract:
OPTIMIZING MPC-BASED SHIFT CONTROL STRATEGIES
FOR MULTI-STAGE ELECTRIC VEHICLE POWER TRANSMISSION SYSTEMS

In recent years, electric vehicles (EVs) have gained increasing attention and developed rapidly due to their
advantages in high energy efficiency, reduced emissions, and environmental friendliness. For multi-stage
electric vehicle powertrains, the gear shift control strategy plays a crucial role in improving overall
performance, enhancing acceleration, reducing energy loss, and ensuring smooth operation. This paper
presents an optimization method for the gear shift control strategy of a multi-stage electric vehicle
powertrain based on Model Predictive Control (MPC). A dynamic model of the powertrain is constructed,
considering the characteristics of the electric motor, multi-stage gearbox, and vehicle load. Based on this,
the MPC controller is designed to simultaneously optimize energy efficiency, gear shift smoothness, and the
physical constraints of the system. Simulation results show that the proposed strategy significantly improves
performance compared to traditional control methods. Keywords: Electric vehicle, multi-stage transmission,
predictive modeling control, MPC, gear shift optimization.

Keywords: Electric vehicle, multi-stage transmission, predictive modeling control, MPC, gear shift
optimization.
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