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TOM TAT

Ngay nay, nganh cong nghiép 6 t6 dang c6 sy phat trién vuot bic va xu hudng st
dung 6 t6 dién dang ngay cang gia tang. Diéu nay 1a do 6 t6 dién gop phan giam phat thai
khi nha kinh va khéng tao ra khi thai nhu cac phwong tién chay bang dong co dot trong.
Bai béo khao sat vé cac luc tac dung 1én banh xe nhu luc phap tuyén, lyc tiép tuyén va
luc ngang tac dung 1én xe khi 6 t6 dién tiang tdc. Va khao sat goc lic doc, goc lic ngang
va goc xoay than xe thong qua khao sat bang phan mém Matlab/Simulink. Tir d6 x4c dinh
d6 6n dinh cta xe nham nang cao tinh nang dong luc hoc cua 6 t6 dién.

Tir khoa: 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.
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1. GIOI THIEU
Uy ban Lién chinh phu vé Bién d6i Khi
hau (IPCC) chi ra rang trong s6 49% luong
khi thai vao khi quyén nim 2010, c6 14%

Theo cac phan tich vé lwong khi thai
carbon trong vong doi ciia mot chiée xe thi
6 t6 dién chay bang pin thai ra it carbon hon
50% so voi mot chiée 6 to chay bang dong

duoc thai ra boi cac phuong tién giao thong
[1]. Do 6 t6 chiém 72% luong khi thai Co,
nén thi truong 6 to dién ngay cang phat
trién va duong nhu 1a mot giai phap tot dé
chdng lai bién doi khi hau [1].
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co d6t trong thong thuong. Vi thé ma 6 to
dién dang dan tré thanh xu thé thinh hanh
& nhiéu qudc gia trén thé gidi va Viét Nam
cling khong ngoai 1¢. Nghién ctru 6 t6 di¢n
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 birc
tranh giao thong hién dai cua Viét Nam.
Nam trong khuén kho str 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.

Vi muc dich khéo sat vé cac luc tac
dung 1én banh xe khi 6 t6 dién ting toc
theo tiéu chuan ISO 8608:2016 ciing nhur
khao sat goc lic doc, goc lac ngang va goc
xoay than xe theo tiéu chuin TCVN 6964
va tiéu chuan VDI — 2057 (CHLB Puc) khi
xe chay & van téc 80 km/h bang phan mém
Matlab/Simulink s& gop phan 1am giam chi
phi va thoi gian hon khi thyc hién trén mo
hinh thyc té tir 46 danh gid duogc tinh ning
dong luc hoc cua 6 t6 dién dung dong co
IPM cu thé trén ddi tuong xe dién Vinfast
VF e34 [3].

Hinh 1: Xe 6 té dién Vinfast VF e34
2. NQI DUNG NGHIEN CcUU

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

Pong co dién dung dé chuyén doi ning
luong dién sang ning luong co hoc. Hau hét
dong co dién hién cé hoat dong theo hi¢n
tugng cam ung dién tir. Mot sb it 1a Pong
co ap dién hoat dong dya trén hi¢u Uing ap
dién, va thuong la dong co cd nhd [4].

Trong nhiéu nganh cong nghiép viéc
sir dung Pong co ddng bo nam cham vinh
ciru (IPM) ting ddng ké do chung kich
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thudc nhéd hon, trong lugng it hon va ton
that thdp hon so véi dong co dién cung
cong suit v6i chiing chiang han nhu dong
co mot chiéu DC (DC Motor Drives), dong
co cam ung IM (Induction Motor Drives),
Pong co khong chodi than nam cham vinh
cuu (Permanent Magnet Brushless Motor
Drives), Dong co tir tré thay doi (Switched
Reluctance Motor Drives), ... Mgt trong
nhimg dic diém quan trong cia Pong co
ddng bo nam cham vinh ciru 1 chung tao
ra mo-men xo4n khong ddi véi dong stator
hinh sin va cyc tu chim dugc gin vao bén
trong rotor tao thém kha nang sinh momen
tir tré' cao cho phép nang cao duoc viée dicu
chinh té¢ d6 nén chinh vi diéu nay dong co
IPM dugc tng dung manh vao trong dong
xe Vinfast e34 [5].

Uu diém dong co IPM 1a nam chim
vinh ctru duge gin chim trong rotor ciing
tao ra su viing chic hon vé mit co khi, dam
bao an toan trong qua trinh sur dung.

Tao ra momen lon giup gia tang luc
quay cua banh xe. Nho do, ca khi xe di
chuyén ¢ dai toc d6 thip hay cao, s6 vong
quay ctia momen xoan van 6n dinh va dam
bao kha nang van hanh ém 4ai.

STATOR /

Hinh 2. BDéng co' IPM diing trén xe Vinfast e34

bong co IPM c¢o6 dai van tdc 16n, kha
nang bt tdc nhanh va ém ai, vuot trdi hon
hén so v&i dong co truyén thong. Theo cac
thi nghiém do luong, dong co IPM cho
phép tiét kiém dén 30% dién ning. Vi thé,
cac dong 6 t6 dién hién dai ngay nay dugc
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trang bi dong co nay giup giam thiéu déng
ké nang lugng tiéu hao, ti€t kiém chi phi
van hanh.

Tuy nhién, han ché cua 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 ¢ téc d6 cao s& bi ¢ dinh. Du
vay, day chi 1a han ché nho, hién nay [PM
van duoc danh gia 1a dong co uu viét nhét
ngay nay.

2.2. M6 hinh dong luc hoc 0 to dién

Khi viét phuong trinh dong luc hoc
6 to ¢ cau trac phuc tap, thuoc hé nhidu
vit, ¢6 rat nhiéu phuong phap: Lagrange II,
D’Alembert hay Newton-Euler. Trong do,
phuong phap duoc sir dung phu hop nhét
trong bai bao nay la dung phuong phap
Newton-Euler dé xiy dung hé phuong
trinh vi phan cdp 2 cho xe 6 t6 Vinfast ¢34,
cu thé 13 hinh 3[6].

Hinh 3. So d6 luc va mé men tdc dung Ién 6 t6
Trén mo6 hinh stir dung céc ky hi¢u sau:
- OXYZ: Hé toa d6 khong gian ba chiéu
- C: trong tm ctia khdi luong dugc treo

-4, A, trong tdm cua khéi luong khong
duoc treo tru’orc (cau 1) va sau (ciu 2)

- m: Khoi lugng dugc treo cua 0 td
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-m,, m,: Khoi luong dugc treo tai cau

trude & hé théng treo banh xe bén trai va
banh xe bén phai

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

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

m, : Khoi lwong khong dugc treo
cau trude bén phai

- m ,: Khoi lugng khong dugce treo cau
sau

-h,;: Chiéu cao trong tdm

- J,: M6 men quan tinh truc y ciia khbi
lugng dugc treo 6 to dién

- J : M6 men quan tinh tryc x cta khoi
duoc treo 0 t6 dién

-J, .- M6 men quan tinh truc x cuia khéi
lugng khong dugc treo cau tha i (i=1+2)

- z: Chuyén vi theo phuong thang dimg
cua trong tam khdi lugng duogc treo

- ¢ : Goc lic ngang cuia than xe
- 9,: Goc lic doc cua than xe

& Chuyén vi thang dimg cta trong
tam kh01 luong khong duoc treo trude (cau
thir 1)

- ¢_,,- Goc lac ngang cua cau trude

-, Chuyén vi thing ding cta trong
tam khoi luong khong duoc treo sau (cau
thir 2)

- ¢, Goc lac ngang cua cau sau

- C,: Do cling cia nhip gin v6i banh xe
ij (i=1+2, j=1+1)

-K,: He sO can giam chan gan voi banh
xe ij (i=1+2, j=l+7)

- CL,: Bg cung huéng kinh cua 16p thi
ij (i=1+2, j=l+1)
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- [: chiéu dai co s6 cua xe

- /,: khoang céch tir trong tdm théan xe
dén cau trude

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

- 2b,: khoang céch giita tim 2 banh xe
cau trude

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

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

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

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

Dua vao phuong phap tach cdu tric 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. Phuwong trinh dong lwe hoc 0 to
trong mit phing ding (X0Z)

Qua hinh 4, viét dugc cic phuong trinh
dong luc hoc ciia 6 to trong mit phing
thang dtng nhu sau:

Hinh 4. Béng luc hoc 6 té trong mdt phdng dirng
(X0Z2)
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- Phuong trinh chuyén dong theo phuong
thang dung z_ cua khoi luong dugce treo:
MZg = Foyy + Fpy + Foy, + Py,

+FC2J+FK2I +FC2P+FKIF (1)

- Phuong trinh xdc dinh vé chuyén

dong lic doc quanh truc y, cua khéi lugng
duoc treo nhu sau:

“‘r.m@c = (Fcu +Fypy +Fey, +FK1r)'F'l
_(F cut F, ™t K cx+ F, E2r )"?1 (2)
+"ndrlf i ‘ﬂdrlr e MEI g 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
0 to trong mat phang ngang (YOZ) tai
cau trudc

Hinh 5. Béng luc hoc 6 té trong mdt phdng ngang
(YOZ) cdu truéc vGi hé théng treo déc ldp
Trong hinh 5 sur dung phuong phap tach
cAu triic va phuong phap Newton — Euler dé
md ta vé dong luc hoc 6 t6 trong mét phang
ngang (YOZ) tai cdu trudc nhu sau:

- Phuong trinh géc lic ngang quanh
truc x_ cua khoi lugng dugc treo:

T B A+ B I

HIT . I

C2ar

3
1r — Feayy —Fry)W, ®)
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- Phuong trinh chuyén dong theo
phuong thing ding cta banh xe ciu trudc
bén trai:

my; &, =—( Fory (4)

- Phuong trinh chuyén dong theo
phuong thing ding cua banh xe cau trudc
bén phai:

P o R B

Clr)+ CLIr (5)

2.2.2.2. Phuong trinh dong luc hoc
0 to trong mit phiang ngang (YOZ) tai
cau sau

mlr?lr —(Fpy, +

,l;é’i 2r
o 7

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

- Phucyng trinh chuyen dong theo

phuong thing dimg Z_cua cdu sau:
MyZ 3 = Fopyy + Fypyy + Fopy, ©)
+Fyp, —Foy — By — Fopp — Fry,

- Phuong trinh chuyén dong lic ngang
quanh truc x,, cua cau sau:
JooB 3= Foy+ Py =B — Fry )W,
HFepy, + Fyryy = Fopy = Fran)by
—Foy(hy + &) Fp (1, +€,)

(7)

Két hop 7 phwong trinh vi phan da mo
ta & trén 1a hé phuong trinh vi phan tong
quat mo ta dong luc hoc cua 6 t6 dién. Qua
d6, xdy dung dugc mo phong hé théng
dong lyc cua xe 0 t6 dién.
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2.2.4. M0 hinh mo6 phéng

St dung phan mém Matlab/Simulink
dé tién hanh mé phong mé hinh dong hoc
6 t6 dién véi cac khdi chirc nang, mdi khoi
thé hién cac phan tir dic trung ciia mo hinh.
Ban than timg khéi ciing chira trong long
n6 cac khdi chire niang cu thé dé xir 1y cac
tin hiéu dau vao va diu ra.

o]
e

N S =R T =W 15
& e | L) NP
e B+ (B E Ja
S 18 = a =]
=+ |5 5+ E@ ,
=L ST R
- Sk L&) u =)
D 7@4 L_%‘ I -
or I8 or |Eor [Ber .
S e e L (=]
oha® L8 T a8 o] s
=2 5 21 E}T"_: == ]

Hinh 7. So d6 mé phéng hé théng déng luc
o to dién e34
2.2.5. Két qua mé phong

Str dung phan mém Matlab/Simulink
md phong vé kha ning céac lyc tac dung
1én banh xe nhu luc phap tuyén F , luc tlep
tuyén F , luc ngang F khi tang toc v6i diéu
kién mat ‘dudng loai B véi van téc 80km/h
v6i hé s6 bam ¢=0.8 theo tiéu chuan ISO
8608:2016 [7].

800

800

Hinh 8. Mdp mé mqit dudng theo tiéu chudn
ISO 8606:2016
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g

Lucphap tuyén Fzi (N)
— -
e
—

§

Hinh 9. Luc phdp tuyén F 6 bdnh xe bén trdi
vi tri cdu truéc
Khi van toc 6 to dién 80km/h thi luc
ppép tuyén F | cua banh xe bén trai ¢ vi tri
cau trudc co6 gia tri cuc dai la 6512 N ing
v6i thoi gian 13 8.7s va gid tri cuc tiéu 1a
4487 N ung voi thoi gian 3,2s hinh 9.
' i

:

I

Ly phap tuyen Fz2 (N)

g

g

Hinh 10. Luc phdp tuyén F & bdnh xe bén trdi
ctia cdu sau

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

Tai thoi diém nay gia tri luc tiép tuyén
FX & banh xe bén trai tai vi tri cau trude va
cau sau 0 t6 dién ciing c6 céc gia tri dugc
thé hién nhu hinh 11 va hinh 12.

Lirc tiép uyén Fx1 (N)

REEEEEEEEREE

a s 6
Thii gian (s)

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 véi mat duong loai B c6 gia tri cuc
dai 13 5198 N tai thoi diém 8.7s, gid tri cuc
tiéu 13 3598 N v&i thoi gian 1a 3.2s.

MM
1l

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 1a 5258 N va 3995 N tmg véi thoi
gian la 8.7s va 3.2s.

AERNSARNEN

e

°

5
Thirl gian (s)

Cung luc nay, xét dén lyc ngang E
tac dung theo phuong ngang y va vudng
goc voi luc tiép tuyén F_wva luc phéap
tuyén F.

Lue ngang Fy! (N}

E
\

g

s o
Hinh 13. Luc ngang F bdnh xe bén trdi tai cdu trudc
Xét van toc 80km/h lyc ngang Fy tai
banh xe bén trai cau trude co gia tri cuc dai
1a 3249 N tai thoi diém 8.7s va mang gia
tri cyc tiéu 1a 2257 N véi thoi gian 1a 3.2s
duoc biéu dién qua hinh 13.

Hinh 14 gi4 tri lyc ngang cuc dai 3506

N tai thoi diém 9.8s, gia tri cuc tiéu tai thoi

diém 2.5s 14 2492 N.
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Luc ngang Fz2 (N}

& 7 8 9 10

5
Thixi gian (s}

Hinh 14. Luc ngang F  tai cdu sau

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

Hinh 15 thé hién gia tri goc lac doc khi
6 t6 chuyén dong & van toc 6 t6 80 km/h
trén duong loai B 14 0.127 rad ung véi géc
lic doc 7.280 tig véi thoi gian 1a 3.1s. Gia
tri nay van con trong pham vi cho phép
hoat dong, luu thong trén duong.

N

Goc lac doc (rad)
-3

i J 1V
0.1 v
o o5 1 15 2 MZSE‘ o 3 is 4 45 5
Hinh 15. Géc Idc doc thén xe & vén téc 80 km/h
dudng loai B

Goéc lic ngang B, khi 6 t6 chay ¢ van
tbc 80 km/h trén dudng loai B duoc biéu
dién trong hinh 16 véi gia tri cuc dai 1a
0.038 rad tai thoi diém 6.5s tuong duong
v6i goc 2.18°. Gia tri nay van dam bao phu
hop theo TCVN 6964 va tiéu chuan VDI —
2057 (CHLB bric).
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IR T 1 : inf ]
- dh A Ll |

el N LT A AL o) f
TN R AW ARy
g\\ WLUHHH\J IH\J[ || :l”! LVN\JQKM
S:: I W U vgv_lul.v | \v

Hinh 16. Géc Idc ngang B véi védn téc 80 km/h
trén duong loai B

Goc xoay than xe (kmh}
5 o I
—l

174 \/"v/\v

L | 13 1
0 as 1 15 2 3 is 4 45 5

Thol gian (s)
Hinh 17. Géc xoay thén véi véin téc 80 km/h
dudng loai B

Giad tri goéc xoay than xe Yc ciing
duge khao sat trén tiéu chuan 6964 va tiéu
chuin VDI — 2057 (CHLB DPuc) duoc thé
hién & hinh 17 véi van téc & 80 km/h mat
duong loai B c6 gia tri cyc dai 1a 0.005 rad
tai thoi gian 4.34s véi goc 0.280 va dam
bao du didu kién dé 6 t6 dién di chuyén
trén duong.

Qua qué trinh khao sat cac luc tac
dung 1én 6 t6 dién van téc 80 km/h véi
mat duong loai B theo ti€u chuan ISO
8608:2016 va khao sat cac goc lac doc,
goc liac ngang va goc xoay than xe khi
tang toc voi van toc 80 km/h mit duong
loai B theo tiéu chuan 6964 va tiéu chuéin
VDI — 2057 (CHLB buc) dap ting dugc
gi61 han theo céc tiéu chuan dé ra. Tt do,
gitip cho 6 t6 dién nang cao dugc tinh
nang dong luc hoc cua xe.
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3. Két luan [8] va tiéu chuan VDI — 2057 (CHLB Diic)
khi 6 t6 ting tdc chuyén dong thong qua
khao sat bang phin mém Matlab/Simulink
dé xac dinh d6 6n dinh cta xe nham nang
cao tinh nang dong luc hoc cua 6 t6 di¢n.
Viéc khao sat cho thdy, st dung 6 t6 dién
13 hoan toan phu hop gitp xe 6n dinh hiéu
qua va nang cao tinh ndng dong luc hoc cua
0 to dién.

Bai bao khao sat vé cac luc tac dung
1én banh xe nhu lyc phap tuyén F , luc tlep
tuyén F , luc ngang F, khi tang toc v6i didu
kién mat du:ong loai B voi van tc 80km/h
v6i hé s6 bam ¢=0.8 theo tiéu chuan ISO
8608:2016 va khao sat vé goc lic doc ?,,
goc lac ngang B, va goc xoay than xe ¥
v6i van toc 1a 80 km/h trén diéu kién mat
duong loai B theo tiéu chudn TCVN 6964
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