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Nghién clru déng Iwc hoc quay vong cua xe 6 t6 con co6 trang bi
hé théng VSC bang phwong phap Polynomial Chaos két hop
véi 16i Leave-One-Out

Research on the turning dynamics of passenger cars equipped
with VSC system using Polynomial Chaos method combined with
Leave-One-Out error

Cao Huy Giap’, Pao Dirc Thu, Nguyén Ngoc Dam,
Nguyén Lwong Can, Vii Van Chwong

Trwdng Pai hoc Sao Do

*Tac gia lién hé: huygiapdhsd@gmail.com

Ngay nhéan bai: 19/11/2023
Ngay nhan bai stra sau phan bién: 29/12/2023
Ngay chap nhan dang: 30/12/2023

Tém tat

Trong qua trinh xe 6 t6 quay vong, néu hé sé bam & cac banh xe khac nhau c6 thé anh huéng dén quy dao
quay vong. Bai bao trinh bay két qua nghién ctu sw anh hwéng clia hé sé bam ciing nhu hé sb can I&n cla loai
duong asphalt dén quy dao chuyén déng cla xe 6 td con c6 trang bi hé théng VSC bang cach sir dung phan
mém Matlab Simulink vé&i phwong phap Polynomial Chaos két hop véi 16i Leave-One-Out. Két quéd nghién ctru
c6 thé (rng dung dé danh gia dong lwc hoc quay vong ctia 6 td con khi nghién ctru va dwa ra mot s6 khuyén nghi
trong khai thac str dung 6 t6 con khi di vao dwong vong.

Ttr khéa: Phuong phap Polynomial Chaos; 16i Leave-One-Out; déng luc hoc 6 t6; bién ngéu nhién; VSC.

Abstract

During the car’s turning process, if the adhesion coefficient of different wheels is different, it can affect the turning
trajectory. This article presents the results of research on the influence of adhesion coefficient as well as rolling
resistance coefficient of asphalt road type on the motion trajectory of cars equipped with VSC system using the
Polynomial Chaos method combined compatible with Leave-One-Out error. The research results can be applied
to evaluate the turning dynamics of cars when studying and give some recommendations in exploiting and using
cars when entering roundabouts.

Keywords: Polynomial Chaos method, Leave-One-Out Error; automobiles dynamics; random variable; VSC.

1. DAT VAN BE

DPé giai quyét cac bai toan dong lwc hoc xe 6 t6 co
tham s6 khong chac chén thi c6 thé dung phwong phap
Monte Carlo hoac phuwong phap Polynomial Chaos.
V6i phwong phap Monte Carlo c6 thé duwa ra két qua
chinh xac tuy nhién th&i gian tinh toan Ién. Vé&i phwong
phap Polynomial Chaos thi thdi gian tinh toan duwoc
gidm di, tuy nhién véi phwong phap nay thi cé sai sb
trong qua trinh tinh toan. Trong bai bdo nay sé st dung
16i Leave-One-Out dé wéc lwong sai sb trong qua trinh
tinh toan v&i phwong phap Polynomial Chaos.

Nhom tac gia sé khao sat dong lwc hoc quay vong cla
xe 6 6 con trén loai dwdng asphalt khd cé hé sé bam
|4 0.7 + 0.8, hé s6 can l&n 1a 0.015 + 0.018 va dwong

Nguwoi phan bién: 1. PGS.TS. Lé Van Quynh
2. TS. Nguyén Dinh Cuong

asphalt wét co hé sé bam 14 0.35 + 0.45, hé sb can lan
2 0.012 + 0.015 [1].
2. MO HINH BPONG LUC HOC

Trong qua trinh 6 t6 quay vong, cac lwc va mé men tac
dung vao xe 6 t6 dwoc mé ta trén Hinh 1.

Hinh 1. Cac luc va mé men tac dung
1én 0 t6 trong mat phang ngang

Tap chi Nghién ctru khoa hoc, Truding Dai hoc Sao Do, S6 4 (83) 2023 | 51



NGHIEN CUU KHOA HOC

a
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Hinh 2. So dé cac luc ’téc dung Ién 6 t6
theo mat phang doc

Cac thanh phan lyc va mémen trong qua trinh 6 t6
chuyén doéng theo phwong doc va phwong ngang,
bao gdm:

+ Céc lyc tac dung dat tai trong tam xe: Trong tam 6 t6
T, d&t cach tam truc cau trwdc, sau lan lwot 1a a, b va
cach dwong voi chiéu cao trong tam 1a /.

+ Trong lwc clia 6 t6: T = G = mg;

+ Lwc quan tinh: P, =mv;

+ Lwc quan tinh ly tdm:

P, =my =mv(a+¢€)

Céc luc tac dung céc banh xe bao gbém:
+ Lwc doc dat tai cac banh xe F;

+ Cac phan lwc bén §;

+ Phan Iyc thang ding Z tai banh xe.

Khi than xe quay, xuét hién mémen quan tinh xung
quanh truc T, di qua trong tém T va cé gia tri Jzé (7,
I&a mémen quén tinh cta 6t6 doi véi truc T, di qua trong
tam T; & la gia tbc géc quay than xe).

Céc théng sb hinh hoc trén mé hinh:
+ Chiéudaicos®d L=a+ b;

+ C4c kich thudc chiéu rong vét 16p cau trwdc la ¢, cia
cau sau t;

+ Géc léch hudng chuyén déng cda than xe so véi hé
truc toa do cb dinh 1a &

+ Cac goc quay cla banh xe dan hwéng B, khi chuyén
dong;

+ Chisb ico gia tri 1, 2, 3, 4 tuy thuéc vao cach danh
sb thi tw clia cac banh xe.

Theo tailiéu [2] va [3] ta c6 cac phwong trinh ddng lwc
hoc quay vong cua 6 t6:

vzl{kg+Sgumﬂ+(a+fgmnﬁ+&+sjmna— )
m
~[(S, +8,)sin B~ (F, + F,)cos B — (F, + F,)]cos a}
1
mycosa
vsina .
—&

a= [(S,+5,)co8 B+S,+S, +(F +F,)sin 3]

)

vcosa

é:%{(Sl +5,)a.cos f— (S, +8,)b+(S, —Sz)%’.sinﬂ+

’ @)

t t
+(F, + F))asin S - (F, 7F2)E’cosﬁ7(F3 7F4)5’}

Tai trong thdng ding tac dung Ién 4 banh xe nhw sau:

ZI:%Z,—AZ,:%(m.g%—AZJ—AZ, @)

ZZ:lZ,+AZ,:l(m.g£—AZj+AZ, (5)
2 2% L

ZS:lZW—AZN:l(m.g£+AZ)—AZS (6)
2 207 L

Z4:lZl\,+AZl\,:l(m.g£+AZj+AZS 7)
2 2L

Sy chénh |éch tai trong gilra banh trwdc va banh sau:

(8)

AZ =[vcosa —v(d + g')sina]mT'h

Sy chénh |éch tai trong gilra 2 banh xe phia trwéc:

12 b'
AZ =——[m'.=p,+
= R[ L
m 'h '7mt "(pt 7ht ")7ms "(ps 7h,\' ")

Cg,+ng—m'gh'

9)

+C

gt

+m; "h; n]

S chénh léch tai trong gilra 2 banh xe phia sau:

147 a'
AN =——[m'.—p.
) R[ L

s

(10)

o M (=)= m,"(p, ~h,")

+ & 1 1
C,+C,—m'gh

+mt "ht n]

Trong dé:

v: Gia tbc cla 6 t6;

@ : Van téc goc léch than xe;

&: Gia tbc goc xoay than xe;

F: Lyc doc tac dung Ién 6 t6 trong qua trinh chuyén dong;
P Lwc can lan;

S: Cac phan lwc ngang cia mat dwdng tac dung lén
vét clia banh xe;

M_: M6 men can quay;

B: Géc danh lai;

t,¢: Chiéu rong vét I16p banh xe trvdc va banh xe sau;
m: Khéi lwong cla toan xe;

m’: Khéi lwong phan dwoc treo cuia 6 t6;

m”: Knéi lwgng phan khong dwgc treo cau trudc;

m_”: Khéi lwong phan khong dwoc treo cau sau;

h: Chiéu cao trong tam xe;

h’: Chiéu cao trong tdm phan dwoc treo cla 6 to;
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h.”: Chiéu cao ctia phan khong duoc treo cau truéc;
hs”: Chiéu cao ctia phan khéng dwoc treo cau sau;
I: Chiéu dai co s& cla 6 t6;

R: Ban kinh quay vong thuc té cla 6 to;

C,: D6 cling clia cau trudc;

C,: B cling cau sau.

Theo tai liéu [1] ta thdy rang trong qua trinh 6 t6 quay
vong thi ban kinh quay vong dugc tinh theo cong thirc:
R=— ' vagr =L
B —(a,-a) B,
Trong do:
R, Ban kinh quay vong thyc té, [m];
R,: Ban kinh quay vong ly thuyét, [m];
I: Chiéu dai co s& cua 6 to, [m];
f: Géc quay cua banh xe dan hwéng, [rad);
;. Goc 1éch bén cla banh xe trudce, [rad];
a,: Goc léch bén clia banh xe sau, [rad].

V6i méi trang thai theo goc quay vanh lai tinh dwoc
hiéu an kinh quay vong:
Ay =R,—R, (11)
Khi AQV =R, — R, <0tkcla xay ra hién twong quay
vong thiéu thi phai diéu khién phanh banh sé 3.

Khi AQV =R, — R, >0 t&c la xay ra hién twong quay

vong thira thi phai diéu khién phanh banh sb 4.

3. KET QUA KHAO SAT

Khao sat trén xe & td Honda City 2020 véi cac thong sb
cla xe & Bang 1.

Bang 1. Céc théng sé clia xe 6 t6 tai khdo sét

T Tén goi D\‘,’i’“ ct;r'la
1. | Khdi lwong toan bd xe khi day tai | kg | 1530
2. | Chiéu dai co s& 6 t6 m | 2.60
3. | Khodng céch tir trong tam - cau trudc| m 1.17
4. | Khodng cach tir trong tdm - cAu sau | m 143
5. | Chiéu rong vét 16p banh xe truéc | m | 1.3503
6. | Chiéu rong vét 16p banh xe sau m | 1.3716
7. | Chiéu cao trong tam 6 to m | 0.5121
8. ggf;trggo trong tam cGa phan m | 05425
9. | Ban kinh banh xe tinh m | 0.2682
10.| Ty sb truyén clia hé théng lai 21.2

Vé&i hé phuwong trinh dwoc xay dwng trén, st¢ dung
chwong trinh Matlab Simulink mé phdng trong trwdng

van tbo xe (mis)

LIEN NGANH CO KHI - DONG LUC

hop diéu khién goc xoay vanh tay lai dwoc xac lap nhw
Hinh 3.

Hinh 3. M6 phéng goc xoay vanh tay lai

Khao sat xe 6 td & cac van toéc 1a 20 km/h, 40 km/h,
60 km/h, 80 km/h. S&r dung phwong phap Polynomial
Chaos v6&i phwong phap 1y mau bang cach s dung
nghiém cla cac da thirc [6] va 16i Leave-One-Out nhd
hon 0.0001, cac phép tinh dwoc tinh toan véi sé lwong
mau 1a 100. Van téc cla xe 6 t6 dwoc bidu dién twong
(ng v&i cac van téc ban dau & cac Hinh 4, 5, 6, 7.

i6c xe (mis)
6c xe (mis)

thai gian (gidy)

a. Buwong asphalt khd

thei gian (gidy)

b. Bwong asphalt wét

Hinh 4. Van téc cda xe véi van téc ban dau
v,= 20 km/h

thoi gian (giay)

thei gian (giay)

a. Budng asphalt khd b. Budng asphalt wét

Hinh 5. Van téc cta xe vé&i van téc ban dau
v, =40 km/h

-l
10 Lesunnunen

o 5 10 1 . 0 5 10 15

thei gian (gidy)

a. Buwong asphalt khé

thai gian (gidy)

b. Pudng asphalt wét

Hinh 6. Van téc cta xe vé&i van téc ban dau
v,= 60 km/h

g
“““s‘\“
*

van tée xe (mis)

0 5 10 15 - o 5 10 15

thoi gian (giay)

a. Budng asphalt khd

tho gian (giay)

b. Buwdng asphalt wét

Hinh 7. Vén téc cda xe véi van téc ban dau
v,= 80 km/h

Tap chi Nghién ctru khoa hoc, Truding Dai hoc Sao Do, S6 4 (83) 2023 | 53
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O cac Hinh 3, 4, 5, 6 cac dwdng mau den nét lién thé
hién van tbc ctia xe 6 t6 con khéng dwoc trang bi hé
thédng VSC, con cac dudng mau dd nét dut thé hién
van téc cha xe 6 t& con dwoc trang bi hé théng VSC.
Théng qua cac hinh trén ta thay rang véi van téc ban
dau v, = 20 km/h thi khong c6 st khac biét nhiéu gitra
xe c6 va khdng trang bi hé thong VSC. Khi van toc xe
tang 1&n (van téc 16n hon hodc bang 40 km/h) thi véi xe
c6 trang bi hé théng VSC sé& nhd hon van téc xe khong
trang bi hé théng VSC. Khi xe di & dwdng asphalt wét
thi khoang dao déng van téc cta xe la 1&n.

Géc quay than xe duoc biéu dién twong (ng vdi cac
van téc ban dau & cac Hinh 8, 9, 10, 11.

b. Buwdng asphalt wét

Hinh 8. Géc xoay than xe véi van téc ban déu
v, =20 km/h

a. Buwong asphalt khd

a. budng asphalt khd b. BPwong asphalt wét

Hinh 9. Géc xoay than xe véi van téc ban dau
v, =40 km/h

a. budng asphalt kho b. BPwong asphalt wét

Hinh 10. Géc xoay than xe véi van téc ban dau
v, = 60 km/h

a. budng asphalt khé b. BPwong asphalt wét

Hinh 11. Géc xoay than xe véi vén téc ban dau
v,= 80 km/h

Dwa vao két qua & cac Hinh 8, 9, 10, 11 ta thay réng &
van toc ban dau thép (v, = 20 km/h), thi géc xoay than
xe khi danh li va tra 1ai gan bang nhau. Tuy nhién, khi
van téc ban dau tang 1&n thi s& xuét hién lwc ly tam lam
cho géc xoay than xe khi tra 1ai sé tang dan lén.

Quy dao chuyén dong cuia xe 6 td dwoc biéu dién twong
(ng v&i cac van téc ban dau & cac Hinh 12, 13, 14, 15.

a. Buwong asphalt kho b. Buwdng asphalt wét
Hinh 12. Quy dao cida xe v&i van téc ban dau

v,= 20 km/h

-~y

a. Budng asphalt khd b. Bwdng asphalt wét

Hinh 13. Quy dao cida xe v&i van téc ban dau
v,= 40 km/h

a. Budng asphalt khd b. Bwong asphalt wot

Hinh 14. Quy dao cta xe véi van téc ban dau
v, = 60 km/h

a. buwong asphalt khd b. BPwong asphalt wét
Hinh 15. Quy dao cida xe v&i van téc ban dau
v,= 80 km/h
Dwa vao Hinh 12, 13, 14, 15 ta thay réng khi tra lai thi c6
xu hwéng xe bi danh lai thira. V&i xe co trang bi hé théng
VSC sé c6 tac dong dé gitip vé gan quay vong dung.
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4. KET LUAN

Nhém tac gia da s dung phwong phap Polynomial
Chaos két hop véi 16i Leave-One-Out va phan mém
Matlab Simulink d& mé phdng mé hinh xe & t6 con di
vao duwong vong trén dwdng asphalt khd va wét. Qua
do6, nhém tac gid dwa ra mot sb két luan va khuyén
nghij sau:

- Khi xe quay vong v&i van téc thap (20 km/h) thi quy
dao quay vong thyc té sé gan véi quy dao ly thuyét.

- Khi di chuyén & dwéong asphalt kho va cé hé théng
VSC sé giup cho xe 6 t6 an toan hon khi quay vong.
Khi xe chuyén dong & loai dwdng asphalt wét sé rat
nguy hiém, can phai giam tbc d6 dé co thé dam bao an
toan trong qua trinh quay vong.

LOI CAM ON

Két qua nghién ctru nay thudc dé tai KHCN cép co s&,
ma sb 06.KHCN/22-23 dworc tai tro béi Trwerng Dai hoc
Sao D3. Nhom tac gid chan thanh cdm on sy hd tro
ctia Trwong Dai hoc Sao D6 da tao diéu kién dé chung
t6i hoan thanh nghién ctru nay.
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