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TOM TAT

Ngay nay, nganh cong nghiép 6 t6 dang c6 su phat trién vuot bac va xu hudng st
dung 6 t6 dién dang ngdy cang gia ting. Diéu nay 1a do 6 t6 dién gop phan giam phat thai
khi nha kinh va khéng tao ra khi thai nhu cac phuong tién chay bang dong co dot trong.
Bai bao khao sat vé cac luc tac dung 1én banh xe nhu luc phap tuyén, luc tiép tuyén va
luc ngang tac dung 1én xe khi 6 t6 dién ting tc. Va khao sat goc lac doc, goc lac ngang
va goc xoay than xe thong qua khdo sat bang phan mém Matlab/Simulink. Tir d6 xac dinh
d6 6n dinh cta xe nham nang cao tinh nang dong luc hoc cua 6 t6 dién.

Tir khéa: O t6 dién, luc tac dung, Matlab/Simulink
ABSTRACT

Nowadays, the automobile industry is experiencing significant growth, and the trend
of using electric cars is on the rise. This is because electric cars contribute to the reduction
of greenhouse gas emissions and produce no exhaust emissions like vehicles powered by
internal combustion engines. The article examines the forces acting on the wheel such
as normal force, tangential force, and horizontal force acting on the vehicle when an
electric car accelerates. It surveys the longitudinal sway angle, horizontal sway angle, and
vehicle body rotation angle through a survey using Matlab/Simulink software. Therefore,
determining the vehicle's stability is to improve the dynamic performance of electric cars.

Keywords: Electric cars, applied force, Matlab/Simulink
1. GIOI THIEU Theo céac phan tich vé lugng khi thai

Uy ban Lién chinh phu vé Bién déi Khi carbon trong Vb}lg doi ciia mot chiée xe thi
hau (IPCC) chi ra ré‘mg trong s6 49% luong 0 t6 dién chay bang pin thai ra it ca‘rbon hon
khi thai vao khi quyén ndm 2010, c6 14% 0% so v6i mot chice 6 t6 chay bang dong
dugec thai ra boi cac phuong tién giao thong €0 dot trong thong thuong. Vi thé ma 6 6
[1]. Do 6 t6 chiém 72% lugng khi thai CO, ~ dién dang dan tr¢ thanh xu thé thinh hanh
nén thi truong 6 t0 dién ngdy cang phat O nhi€u qudc gia trén thé giGi va Viét Nam
trién va duong nhu 12 mot giai phap tot dé  cling khong ngoai 18. Nghién ctru 6 t6 dién
chdng lai bién d6i khi hau [1]. tai Viét Nam s& dua nganh cong nghiép 6 to
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Viét Nam di vao quy dao chung song hanh
v6i thé gidi va tao diém nhan trong buc
tranh giao thong hién dai ctia Viét Nam.
Nam trong khuén kho st dung 6 to dién
1am xu thé din dau thi ¢ Viét Nam ciing da
cho ra doi dong xe mang dam thuong hiéu
cua Viét Nam.

Véi muc dich khao sat vé céc luc téc
dung 1én banh xe khi 6 t6 dién ting toc
theo tiéu chuan ISO 8608:2016 ciing nhu
khao sat goc lic doc, goc lic ngang va goc
xoay than xe theo tiéu chudn TCVN 6964
va tiéu chuan VDI — 2057 (CHLB Bric) khi
xe chay & van téc 80 km/h bang phan mém
Matlab/Simulink s& gop phan lam giam chi
phi va thoi gian hon khi thuc hién trén mo
hinh thuc té tir d6 dénh gia dugc tinh ning
dong luc hoc cua 6 t6 dién dung dong co
IPM cu thé trén d6i tuong xe dién Vinfast
VF e34 [3].

Hinh 1: Xe 6 t6 dién Vinfast VF e34
2. NQI DUNG NGHIEN CUU

2.1. Giéi thiéu vé dong co dién trén
o to dién

Pong co dién dung dé chuyén do6i ning
luong dién sang nang luong co hoc. Hau hét
dong co dién hién c6 hoat dong theo hién
tuong cam tmg dién tir. Mot s6 it 1a Dong
co ap dién hoat dong dua trén hi€u tng ap
dién, va thuong la dong co ¢ nho [4].

Trong nhiéu nganh cong nghiép viéc
sir dung Pong co déng bd nam cham vinh
ciru (IPM) ting dang ké do chung kich
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thudc nho hon, trong lugng it hon va ton
that thdp hon so véi dong co dién cung
cong suat véi ching chang han nhu dong
co mét chiéu DC (DC Motor Drives), dong
co cam ung IM (Induction Motor Drives),
Pong co khong chdi than nam cham vinh
cuu (Permanent Magnet Brushless Motor
Drives), Pong co tir trg thay doi (Switched
Reluctance Motor Drives), ... Mot trong
nhirng dic diém quan trong cua Pong co
ddng bd nam cham vinh ctru 14 ching tao
ra mo-men xoan khong ddi véi dong stator
hinh sin va cyc t chim dugc gin vao bén
trong rotor tao thém kha nang sinh momen
tir tr& cao cho phép nang cao duoc viée didu
chinh té¢ d6 nén chinh vi diéu nay dong co
IPM duoc tng dung manh vao trong dong
xe Vinfast e34 [5].

Uu diém dong co IPM 1a nam cham
vinh ctru duge gan chim trong rotor ciing
tao ra sy ving chic hon vé mit co khi, dam
bdo an toan trong qua trinh st dung.

Tao ra momen lén gitp gia tang luc
quay cua banh xe. Nho do, ca khi xe di
chuyén ¢ dai toc do thap hay cao, s6 vong
quay ctia momen xoan van on dinh va dam
bao kha ndng van hanh ém 4i.

STATOR /

Hinh 2. Béng co IPM duing trén xe Vinfast e34

bong co IPM c6 dai van tde 16n, kha
nang but tbc nhanh va ém ai, vuot trdi hon
hén so véi dong co truyén théng. Theo cac
thi nghiém do luong, dong co IPM cho
phép tiét kiém dén 30% dién ning. Vi thé,
cac dong 0 t6 dién hién dai ngay nay dugc
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trang bi dong co ndy giup giam thiéu dang
ké nang lugng tiéu hao, ti€t ki€ém chi phi
van hanh.

Tuy nhién, han ché cia IPM la kho
kiém soat tir truong quay do thiét ké nam
cham vinh ctru trong rotor bi han ché khi 6
t6 van hanh & tdc d6 cao s& bi ¢b dinh. Du
vdy, day chi 12 han ché nho, hién nay IPM
van dugc danh gia la dong co wu viét nhét
ngay nay.

2.2. M6 hinh dgng luc hoc 6 t6 dién

Khi viét phuong trinh dong luc hoc
0 t0 ¢ chu trac phuc tap, thuoc hé nhidu
vat, c6 rat nhiéu phuong phap: Lagrange I,
D’Alembert hay Newton-Euler. Trong do,
phuong phap duoc sir dung phu hop nhét
trong bai bdo nay la dung phuong phap
Newton-Euler dé xiy dung hé phuong
trinh vi phan cip 2 cho xe 6 t6 Vinfast e34,
cu thé 1a hinh 3[6].

Hinh 3. So d6 lu'c va mé men tdc dung lén é té
Trén mo hinh sir dung cac ky hi€u sau:
- OXYZ: H¢ toa d6 khong gian ba chiéu
- C: trong tam ctia khdi luong dugc treo

-4, A, trong tim clia khdi 1u:0ng khong
duoc treo tmoc (cau 1) va sau (ciu 2)

- m: Khdi lugng dugc treo cua 6 to
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-m,, m,: Khoi luong duoc treo tai cau
trudc & hé thong treo banh xe bén trai va
banh xe bén phai

- m,: Khoi lugng dugc treo tai cau sau
0 hai banh xe

m, : Khi lugng khong duoc treo cau
trudc ben trai

m, : Khoi luong khong duoc treo
cau trudc bén phai

-m Khéi lugng khong dugce treo cau
sau

-h: Chiéu cao trong tam

-J,: M6 men quan tinh tryc y cua khoi
luwong dugc treo 6 to dién

- J_: M6 men quan tinh tryc x ctia khoi
duoc treo 0 t0 dién

-J, ;- M6 men quan tinh truc x cua khoi
luong khong duoc treo cau thur i (i=1+2)

- z: Chuyén vi theo phuong thang dimg
cua trong tdm khoi lugng duogc treo

- Goc lic ngang cta thin xe
- 9,: Goc lic doc cua than xe

& Chuyén vi thing dimg cia trong
tam kh01 lwong khong duoc treo trude (cau
tha 1)

- ¢_, - Goc lac ngang cua cu trude

é Chuyén vi thang dimg ciia trong
tam kh01 lwong khong dugc treo sau (cau
thir 2)

-9,.,- Goc lic ngang clia cau sau

- Cij: Do cling cta nhip gan véi banh xe
ij (i=1+2, j=l=1)

-K,:He s6 can giam chan gan v6i banh
xe ij (i=1+2, j=1+1)

- CL,: DB cung huéng kinh cua 16p thir
ij (=12, j=l=1)
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- [: chiéu dai co sé cua xe

- [,: khoang céch tir trong tdm thén xe
dén cau trude

- 1,: khoang céch tir trong tdm théan xe
deén cau sau

- 2b,: khoang cach gitra tam 2 banh xe
cau trudc

- 2b,: khoang céch gilra tim 2 banh xe
cau sau

- 2w,: khoang cach gilra 2 vi tri dat
nhip trén cau trudc

- 2w,: khodng cach gitra 2 vi tri dat
nhip trén cau sau

- F.: Luc can h¢ thdng treo
- F Luc dan hdi hé théng treo

Dua vao phuong phap tach ciu trac va
phuong trinh Newton - Euler dé thiét lap
hé phuong trinh dong luc hoc 6 t6 dién, ta
chiéu 6 t6 1én 3 mat phéng toa do va viét
phuong trinh dong luc hoc nhu sau:

2.2.1. Phwong trinh dong luc hoc 6 to
trong mit phing dimg (XOZ)

Qua hinh 4, viét dugc cac phuong trinh
dong lyc hoc ctia 6 to trong mit phang
thang dimg nhu sau:

Hinh 4. Béng luc hoc 6 té trong mdt phdng ding
(X0Z)
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- Phuong trinh chuyén dong theo phuong
thang dimg z_ cua khoi lugng dugce treo:
MZe = Foyy+ Fy + Foy, + Fry,

+Fy + Fpyy + ey, + Iy, (1)

- Phuong trinh xac dinh vé& chuyén

dong lac doc quanh truc y, cua khéi luong
duoc treo nhu sau:

"'r}\c@c =(Foy + Fyy +Fpy, +Fy )l
_(F 2 +F )] +F Clr +F Klr)"?l (2)
+"M-H + ‘A/Ilr + ML’ + er

2.2.2. Phwong trinh dong luc hoc 6 to
trong mit phing ngang (YOZ)

2.2.2.1. Phuong trinh dong luc hoc
6 to trong mit phang ngang (YOZ) tai
cau trude

Hinh 5. Béng luc hoc 6 té trong mdt phdng ngang
(YOZ) cdu truéc véi hé théng treo déc Idp
Trong hinh 5 sir dung phuong phap tach
cAu triic va phuong phap Newton — Euler dé
mo ta vé dong luc hoc 6 to trong mit phang
ngang (YOZ) tai cu trudc nhu sau:

- Phuong trinh goc lic ngang quanh
truc x_ cua khoi luong dugc treo:

I B, = (Fyy, + Fyy, — Fryy = Fr, )W,

+(F,,, +F;

C2ar

(3)
2~ Fer —Fip)W,
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- Phuong trinh chuyén doéng theo
phuong thang ding cua banh xe cau trudc
bén trai:

mu@_i; =—( czu (4)

- Phuong trinh chuyén dong theo
phuong thang dimg cua banh xe cau trudc
bén phai:

my, G, = —(Fpy, + Fpy )+ Foypy, (5)

2.2.2.2. Phwong trinh dong luc hoc
6 t6 trong mit phiang ngang (YOZ) tai
ciu sau

F,, +F.,)+F

Hinh 6. Béng luc hoc é té trong mdt phdng ngang
(YOZ) cdu sau véi hé théng treo bdn déc ldp
thanh xodn

- Phuong trinh chuyén doéng theo
phuong thang dimg z_ cua cau sau:
M2 = Fopgy + Frpy + Fp,

6
—Foy = Fpyy = Foyy —Fa, (©)

+F s

r r

- Phuong trinh chuyén dong lic ngang
quanh tryc x,, cia cau sau:
JoaBiy =Foy+ Fry —Foy, —Fp )W,
HFeps, + Fipy, — Fepnp = Frpo )by
2;(7’2; +&u)— ;2;(7’2r +&4,)

(7)

Két hop 7 phuong trinh vi phan da mé
ta & trén 1a hé phuong trinh vi phan tong
quat mo ta dong luc hoc cia 6 t6 dién. Qua
d6, xay dung dugc mod phong hé thdng
dong lyc cua xe 6 t6 dién.
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2.2.4. M6 hinh mé6 phong

St dung phian mém Matlab/Simulink
dé tién hanh mé phong mo hinh dong hoc
6 to dién véi cac khoi chire nang, mdi khbi
thé hién cac phan tir ddc trung ciia mo hinh.
Bén than timg khdi ciing chira trong long
n6 cac khdi chirc nang cy thé dé xur 1y cac
tin hiéu dau vao va dau ra.
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Hinh 7. So d6 mé phdng hé théng déng luc
6t6 dién e34
2.2.5. Két qua mé phéng

Str dung phan mém Matlab/Simulink
md phong vé kha ning cac lyuc tac dung
1én banh xe nhu luc phéap tuyén F, luc tlep
tuyén F, lyc ngang F khi tdng toc v6i didu
kién mat duO'ng loai B v6i van téc 80km/h
v6i hé s6 bam ¢=0.8 theo tiéu chuan ISO
8608:2016 [7].

200 400 600 800

Hinh 8. Mdp mé mdt dudng theo tiéu chudn
ISO 8606:2016
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Hinh 9. Luc phdp tuyén F, 6 bdnh xe bén trdi
vi tri cdu truéc
Khi van toc 6 t6 dién 80km/h thi luc
phap tuyén F , cua banh xe bén trai ¢ vi tri
cAu trude co gia tri cuc dai la 6512 N ing
v6i thoi gian 1a 8.7s va gia tri cuc tiéu 1a
4487 N ung vai thoi gian 3,2s hinh 9.

Lyc phap tuyen Fz2 (N}

§

Hinh 10. Luc phdp tuyén F, & bdnh xe bén trdi
cua cau sau

Qié tri lyc phap tuyén F , & banh xe bén
trdi cau sau mang gia tri cuc dai la 7010
N va thoi diém 2.4s c¢6 gia tri nho nhét 1a
4993 N dugc biéu dién qua so dd hinh 10.

Tai thoi diém nay gié tri lyc tiép tuyén
F_ ¢ banh xe bén tréi tai vi tri cau trude va
cau sau 0 t6 dién cling cd céc gia tri dugc
thé hién nhu hinh 11 va hinh 12.
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Hinh 11. Luc tiép tuyén Fx & bdnh xe bén trdi tai cdu trudc
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Hinh 11 biéu dién luc tiép tuyén F_
tai banh xe bén trai cau trudc khi van toc
80km/h v&i mat duong loai B ¢6 gié tri cuc
dai 1a 5198 N tai thoi diém 8.7s, gia tri cuc
tiéu 14 3598 N v&i thoi gian 13 3.2s.
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Hinh 12. Luc tiép tuyén Fx & bdnh xe bén trdi
tai cdu sau
Hinh 12 Iyc tiép tuyén F_, ¢ banh xe
bén trai vi tri cau sau c6 gia tri cuc dai va
cuc tiéu 14 5258 N va 3995 N tng v6i thoi
gian la 8.7s va 3.2s.

Cung luc nay, xét dén luc ngang F,
tac dung theo phuong ngang y va vuong
goc véi luc tiép tuyén F_va luc phap
tuyén F.

Lucngang Fy! (N}

§

aR

Hinh 13. Luc ngang F, bdnh xe bén trdi tai cdu truéc

Xét van toc 80km/h luc ngang Fy tai
banh xe bén trai cau trudc cd gia tri cyc dai
12 3249 N tai thoi diém 8.7s va mang gia
trj cuc tiéu 12 2257 N véi thoi gian 13 3.2s
duoc biéu dién qua hinh 13.

Hinh 14 gia tri lyc ngang cuc dai 3506
N tai thoi diém 9.8s, gia trj cuc tiéu tai thoi
diém 2.5s 1a 2492 N.
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Hinh 14. Luc ngang F tai cdu sau

Qua d6 tién hanh danh gia gia trj vé
goc lic doc ¢, goc lic ngang B, va goc
xoay than xe ¥  voi van téc 1a 80 km/h
trén diéu kién mat duong loai B theo tiéu
chuan TCVN 6964 [8] va tiéu chuan VDI
— 2057 (CHLB buc) [9] 1a phu hop hay
khong phu hgp str dung 6 t6 dién cho thi
truong Viét Nam.

Hinh 15 thé hién gia tri goc lic doc khi
6 t6 chuyén dong ¢ van téc 6 t6 80 km/h
trén duong loai B 1a 0.127 rad ung vdi goc
lac doc 7.280 tng voi thoi gian 13 3.1s. Gia
tri ndy van con trong pham vi cho phép
hoat dong, luu thong trén duong.

N

Géc lac doc (rad)
°

JLV

-01 V4 V

0 0s 1 15 2 25 3 as 4 45 5
Thoi gian (s)

Hinh 15. Goc ldc doc thdn xe & vdn téc 80 km/h
dudng loai B

Goéc lic ngang B, khi 6 t6 chay ¢ van
tdc 80 km/h trén duong loai B dugc biéu
dién trong hinh 16 voi gid tri cuc dai la
0.038 rad tai thoi diém 6.5s tuong duong
véi goc 2.18°. Gia tri nay van dam bao phu
hop theo TCVN 6964 va tiéu chuan VDI —
2057 (CHLB buc).
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]

-
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5
Thisi gian (s)

Hinh 16. Géc ldc ngang B véi vén téc 80 km/h
trén duong loai B

i
IRAAAY \/\/

4 \/

Goc xoay than xe (km/h)
. o

0 o5 1 15 2 3 35 4 45 5

The g 5
Hinh 17. Géc xoay thdn véi vén téc 80 km/h
dudng logi B

Gid tri goc xoay thin xe Wc cling
dugc khao sat trén tiéu chudn 6964 va tiu
chuan VDI — 2057 (CHLB buc) duoc thé
hién & hinh 17 véi van toc & 80 km/h mit
duong loai B c6 gia tri cuc dai 1a 0.005 rad
tai thoi gian 4.34s voi goc 0.280 va dam
bao du diéu kién dé 6 to dién di chuyén
trén duong.

Qua qua trinh khao sat cac lyc tac
dung 1én 6 to dién van toc 80 km/h véi
mat duong loai B theo ti€u chuan ISO
8608:2016 va khao sat cac goc lac doc,
goc lic ngang va goc xoay than xe khi
tang toc voi van téc 80 km/h mat duong
loai B theo tiéu chuin 6964 va tiéu chuin
VDI — 2057 (CHLB buc) dap ung dugce
gidi han theo cac tiéu chuan dé ra. Tir do,
gitp cho 6 t6 dién nang cao dugc tinh
nang dong lyc hoc cua xe.
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3. Két luan

Bai bao khao sat vé cac lyc tac dung
1én banh xe nhu lyc phap tuyén F , luc t1ep
tuyén F, luc ngang F khi ting toc v6i diéu
kién mat duong loai B v6i van toc 80km/h

ISSN 261 5-9945

[8] va tiéu chuan VDI — 2057 (CHLB Puc)
khi 6 t6 tang tbc chuyén dong thong qua
khao sat bang phin mém Matlab/Simulink
dé xac dinh d6 6n dinh cia xe nham nang
cao tinh nang dong luc hoc cua 6 to6 dién.

Viée khao sat cho thdy, sir dung 6 t6 dién
1a hoan toan phu hop gitp xe 6n dinh hiéu
qua va nang cao tinh ndng dong luc hoc cua
0 to dién.

v6i hé sb bam ¢=0.8 theo tiéu chuan ISO
8608:2016 va khao sat vé goc lic doc 0,
goc lic ngang B, va goc xoay than xe ¥
v6i van toe 1a 80 km/h trén diéu kién mat
duong loai B theo tiéu chuan TCVN 6964
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