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TOM TAT

Vlec nghién ciru mé phong hé thong truyen lwc 0 to dién dong vai tro quan trong nham t6i weu
hiéu sudt va mo réng quing du’ong di chuyen sau moi lan sac. Nghién civu tién hanh xdy dung mé
hinh mé phong hoan chinh hé thong truyén lyc 6 t6 dién trong moi triecong Matlab/Simscape, qua dé
ddnh gid kha nang hoat dong ciia hé thong khi déng co lam viée & cd viing cong sudt dinh mirc va
viing tir théng yéu. Két qua chitng minh hiéu qua ciia diéu khién véc-to ¢é bi yéu tir, gitip hé thong
duy tri cong sudt dinh mirc trong vung t6c do cao trén 6 t6 dién. Hé sé trueot trén banh xe chii dong
cua o to dién co sw dao dong trong bién do hep voi tcfn $6 cao, tuy nhién van nam trong ving hé sé'
bdam cao. Két qud nghién ciru mé ra huéng phdt trlen maoi thong qua tich hop mé hinh pin thyc té
va hé thong phanh tai sinh nham ndng cao hiéu sudt nang lwong tong thé.

Tirkhéa: O 16 dién; O t6 Hybrid: Hé thong truyén liec 6 6 dién; Phwong phdp diéu khién véc-to;
Dong co PMSM; Pin Lithium ion; H¢ thong truyén luc, Vung tir thong yéu,; H¢ thong phanh tai sinh.

ABSTRACT

The simulation study of the powertrain system plays a crucial role in optimizing efficiency
and extending the driving range per charge. This research undertakes the development of a
comprehensive electric vehicle (EV) powertrain simulation model within the Matlab/Simscape
environment, enabling the evaluation of the system's operational capability when the Permanent
Magnet Synchronous Motor (PMSM) operates across both the rated power region and the flux-
weakening region. The results demonstrate the effectiveness of vector control with flux-weakening
compensation, which successfully allows the system to sustain rated power output in the EV's
high-speed range. Furthermore, the slip ratio on the EV's driving wheels exhibits high-frequency
oscillations within a narrow amplitude, yet consistently remains within the region of high adhesion
coefficient. These findings pave the way for a new development trajectory, specifically through
the integration of a realistic battery model and a regenerative braking system to enhance overall

energy efficiency.

Keywords: Electrical Vehicle; Hybrid vehicle; Transpose system,; Battery Lithium ion;

FOC; PMSM; Powertrain system,; Flux-weakening region, Regenerative braking system. &
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1. PAT VAN PE

Trong nhiing nim gan day, xu hudng
chuyén d6i tir phuong tién chay nhién liéu hoa
thach sang 6 t0 dién dién ra manh mé. Viéc
nghién ctru hoan thién hé thdng truyén luc 6 to
dién nham nang cao hiéu qua tong thé cua hé
thdng truyén luc, tir d6 kéo dai quang dudng di
chuyén cia xe trong mot lan sac dang 1a trong
tam nghién ctru.

Céc nghién clru trude day cua Pillay va
Krishnan [1] hay Emadi [2], d4 khang dinh hiéu
qua ctia phuong phap diéu khién véc-to d6i véi
dong co dong bd nam cham vinh ciru (PMSM).
Tuy nhién, ndi dung nghién cutru tap trung vao
mo hinh dién hodc qua trinh diéu khién dong
co doc 1ap. M6 hinh mé phong chudi truyén
va bién dbi nang lugng tur pin, bd nghich luu,
dong co PMSM dén banh xe chua duoc xem
xét. Tinh dén nay, chua c6 danh gia day du nao
vé cac twong tac giita phan dién va phan co
hoc cua xe, ciing nhu cac anh hudng tir yéu t6
bén ngoai dén hé thdng. Nghién ctru nay duoc
thuc hién nham xdy dung mo hinh mo phong
hoan chinh cua hé théng truyén luc 6 to dién
trong moi truong Matlab/Simscape nham kiém
ching kha nang hoat dong ctuia hé théng, dac
biét khi dong co hoat dong & ving tir théng yéu
véi tde do 1am viée cao hon toc do dinh mue.
Két qua nghién ctru s& lam 15 dic tinh bién ddi

mod men, toc dJ, cong suat va cac tham s6 dong
luc hoc cua xe, tir d6 xay dung co s¢ cho viéc
thiét k€, to1 uu h¢ thong truyén dong trén 6 to
dién.

2. PHUONG PHAP NGHIEN CUU

Déi twong chinh trong nghién ctru nay
1a h¢ thong truyén lyc cia 6 t6 dién cau sau chu
dong trang bi dong co dong bo o to nam cham
vinh ctru (PMSM) c6 dién ap 360V, cong suit
100 kW tai téc d6 goc 4700 vong/phut. Pong
co dugc diéu khién theo phuong phap véc-to
két hop v6i bd nghich luu IGBT 1y tuong. Hé
thdng truyén Iyc st dung hop sd 1 cap. So d6
nguyén ly dugc mo ta nhu trong Hinh 1.

| FOC e

DC

Hinh 1. So do hé thé'ng truyén luc o to dién:
(1) Pong co PMSM céng sudt 100 kW (2) Hé
thong truyén luc 6 t6 dién; (3) Cdc dang; (4) Vi sai
— truyén luc chinh; (5) Banh xe

Mo hinh hé théng truyén luc 6 t6 bang
phan mém Matlab — Simulink phién ban 2022.
Véi bo tham sb dau vao gia dinh vao nhu trong
bang 1.

Bdng 1. Bang tham s6 dit liéu dau vdo

STT Tén tham sb Ky hiéu Gia tri Pon vi
1 | Tham sb dong co di¢n

1.1 | Cong suat dinh mirc P 100 kW

1.2 | bién ap dinh muc \" 360 A"

1.3 | Téc do dinh mirc n 4700 Vong/phut
1.4 | S ddi cuc p 4 -

1.5 | Dién tr¢ pha stato Rs 0,007 Q

1.6 | Cam khang truc d L, 0,00028 H
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1.7 | Cam khang truc q L, 0,00042 H
1.8 | Tt thong nam cham vinh ctu \ 0.085 Wb
1.9 | M6 men cuc dai T . 230 N.m
1.10 | M6 men quan tinh rotor J 0.08 kgem?
1.11 | Hé s6 ma sat nhét B 0.001 N.m.s/rad

2 | Tham sb bd nghich lvu (Inverter)

2.1 | bién ap roi thuan IGBT IGBT,, 1,5 A"
2.2 | Dién tré dan IGBT IGBT, 0,0007 Q
2.3 | Thoi gian ngat IGBT IGBT,_, 1x10° s
2.4 | Ngudng kich hoat IGBT IGBT, 0,5 \%
2.5 | bi¢n ap roi thuédn diode DIODE, . 1,1 A\
2.6 | bién tré dan diode DIODE, 0,0007 Q
2.7 | Thoi gian ngit diode DIODE_ . 1x10° s
2.8 | Tan s6 chuyén mach PWM PWM, 10 kHz
2.9 | Thoi gian chét PWM PWM,_. 2x10° s

3 | Tham s6 diéu khién theo phwong phap véc-to

3.1 | Tan s bing thong vong toc do £, 60 Hz
3.2 | Hé s ty 18 vong tdc do Kp, 10

3.3 | Hé sb tich phan vong tdc do Ki 600

3.4 | Hé s6 chdng bdo hoa vong toc do Kaw 6000

3.5 |Hésbtylé dongd Kp, 4

3.6 | Hé s tich phan dong d Ki, 240

3.7 | Hé s chng bio hoa dong d Kaw, 1920

3.8 | Hésb ty1é dong q Kp, 5.8

3.9 | Hé s tich phan dong q Ki_ 348
3.10 | Hé s6 chong bdo hoa dong q Kaw 2784

Badng 2. B tham 56 dong luc hoc gia dinh cua cua 6 to dién
4.1 | Khdi lugng toan xe M | 2060 | kg
49 Kh9éng cach tir CG dén truc a 1.3
truoc

43 i}llloéng cach tir CG dén truc b 13

4.4 | Dién tich can khi dong A 2.5 m?

4.5 | H¢ sb can khong khi C, | 02

4.6 | Ban kinh banh xe r, | 0,345

4.7 | Ty sb truyén toan hé thong i 9

4.8 | Goc déc @ | 0°

4.9 | H¢ sb can lan f | 0.02
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Qué trinh md phéng dugc thuc hién
trong 20 gidy voi thoi gian 1y mau T =2.10°%s,
thoi gian diéu khién T_=5.10"s. Tin hiéu diéu
khién do khdi Step tao ra mo phong trang thai
xe ting toc nhanh nhat véi budc thoi gian (Step
time) 1a 0,1 gidy. Gia tri ban dau (Initial Value)
1a 0, gia tri cudi (Final Value) 1a 9000 vong/
phut. Cac tin hiéu ghi nhan gdm cac duong dic
tinh lam vi¢c cia dong co PMSM va duong dac
tinh dong lyc hoc cua 6 to.

3. KET QUA VA THAO LUAN

Két qua md phong dic tinh dic tinh 1am
viéc ciia dong co PMSM cong suit 100 kW
duoc thé hién trong cac Hinh 2, Hinh 3, Hinh
4. V& tong thé, cac duong dic tinh nay phu hop
v6i thuc té. Didu nay khang dinh tinh ding dan
ctia cac tham sé dau vao ciia chuong trinh mo
phong, dong thoi ciing cho thdy bo diéu khién
gém khéi FOC (Field Oriented Control) va
Inverter da hoat dong tdt.

Mo men trén tryc (N.m)

- -

Time (seconds)

Hinh 2. D6 thi ddc tinh mé men cia dong co
PMSM 100 kW

Hinh 2 mo ta dac tinh mo6 men trén truc
cua dong co. Puong dac tinh m6 men ctua dong
co (nét lién) di bam sat duong dic tinh didu
khién (nét dat). Tur thoi diém c6 tin hiéu didu
khién, m6 men dong co nhanh chéng dat gia tri
16n nhat T .. =229,8 Nm. M6 men dao dong
trong bién d hep va giam nhe xudng 219.6 Nm

O gidy thu 7. Sau d6, gia tri mé men gidm theo
duong cong véi do doc giam dan.

Van tée gbe (Vong/Phit)

ne (Véng/phat)
2 & & B §
8 2 8 8 35

=]

0 5 10 15 20
Time (seconds)
Hinh 3. D6 thi dac tinh van téc goc cua dong co
PMSM 100 kW

Két qua mo phong quy luat thay doi toc
d6 ctia dong co (Hinh 3) c6 thé duoc chia thanh
hai giai doan lam viéc cua dong co: vung van
toc truc dudi 4700 vong/phut, va ving tir thong
yéu khi van téc truc trong khoang tir 4700 dén
9000 vong/phut. O vung van toc thap, téc do
gbc tang tuyén tinh do md men dong co tao ra
duogc duy tri on dinh, trong khi van tde xe (Hinh
7) con nhdé nén anh hudng cua stc can khong
khi chua dang ké. Pong co 1am viéc trong ving
tir thong yéu, toc do goc ciia dong co van tiép
tuc tang nhung voi gia toc giam.

10 Céng sudl tryc (W)

0 2 4 [ B 10 12 14 16 18 pail
Time (seconds)

Hinh 4. Ddc tinh cong sudt cia dong co PMSM
cong sudt 100 kW

Trong giai doan dau, cong suét dong co
tang tbc gan nhu tuyén tinh (Hinh 4). Do cong
sut dong co ty 1€ thuan voi tdc do trén truc, nd
dat gia tri 16n nhat 100,9 kW tai toc do 4664
vong/phat. Dong dién 16n nhét dat 460 A. So
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sanh véi nghién ctu cua K. Zhou va cong sy
[7], hé thong hién tai cho thoi gian dat cong
suat dinh mtrc nhanh hon khoang 3 giay.

Do tnrot banh xe chi dong s E

" | | e : |

“0.01 | ! 1
0

] 5 10 15 20

Time (seconds)

Hinh 5. Dac tinh truot cua banh xe chu dong

Do truot cia banh xe chu dong vé co
ban 1a bién d6i 6n dinh tir 0,025 xudng 0,005.
Pay 1a ving trugt banh xe bam duong tdt,
khong xdy ra hién tugng trugt quay. Do trugt
dao dong trong bién do hep do anh hudng tur
mo men dong co.

Gia toc (m/s2)

a (m/s2)

0 5 10 15 20
Time (seconds)

Hinh 6. Ddc tinh gia t6c¢ doc cia é 16

Xe dat van toc 100 km/h sau 12,65 gidy
(Hinh 7) v6i quing dudng di chuyén 14 197 m
(Hinh 8). Két qua nay dang thap hon khoang 3
gidy so voi muc dudi 9 gidy la thoi gian tang
tc tir 0 dén 100 km/h ctia mau xe VinFast VF
34¢ dugc mot sb dai 1y chinh hing cong bd.
Trong giai doan dau gia tc dat 2,5 m/s? sau d6
giam xudng 0,7 m/s2,

Van toc (km/h)

0 5 10 15 20
Time (seconds)
Hinh 7. Bac tinh van toc ciia 6 16

Quang duwdng (m)

0 5 10 15 20
Time (seconds)

Hinh 8. Qudng dwong tang toc ciia 6 16

trong 20 giay.

Vé tong thé, mo hinh di mé ta chinh
xac cac moi quan h¢ gitra m6 men, tbe do va
cong suét cua dong co PMSM trong qua trinh
tang toc. Kha ning duy tri cong suat 6n dinh &
ving toc d6 cao thé hién 16 wu thé cuia phuong
phap diéu khién véc-to co bu yéu tir. Ngoai ra,
dac tinh dong lyc hoc cua xe cho théy hé théng
truyén luc duoc thiét ké c6 thé dap tng yéu
cau van hanh thuc té cta cac dong xe dién tim
trung nhu VinFast VF e34.

4. KET LUAN VA KHUYEN NGHI

Nghién ctru da xay dung thanh cong mo
hinh mé phong hoan chinh hé théng truyén luc
0 t6 dién trang bi dong co dién PMSM cong
suat 100 kW. Két qua md phong dénh gia cac
dac tinh dién, co hoc ctia hé théng phu hop thuc
té va cac nghién ctru trude d6. Hé théng da duy
tri dugc cong suit dinh mtc 100 kW trong
toan bo ving tdc dd cao nho phuong phap didu
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khién véc-to gitp dong co PMSM hoat dong
trong vung tir thong yeu.

Trong tuong lai, md hinh c6 thé tich
hop thém mé hinh pin thyc t& véi cac dic tinh
nhiét, suy giam tudi tho cua pin hodc Kkét hop hé
thong phanh tai sinh dé lam ting hiéu qua thu
hoi nang lugng.
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