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Tom tat

Khi xe du lich chuyén déng trong diéu kién gié ngang I&n c6 nguy co mét én dinh do cac lwc, mé men khi dong.
Cac hé sé lyc, md men khi dong phu thudc rat 16n vao géc nghiéng twong déi gitka gié ngang va mat phang déi
xng doc cla xe. Viéc xac dinh mbi quan hé gitra cac hé sé lwc, mé men khi dong theo géc nghiéng twong dbi
trén la quan trong trong cac nghién ctru vé &n dinh chuyén déng clia xe du lich trong diéu kién gi6 ngang. Bai bao
nay trinh bay phuong phap xac dinh cac ham hé sé lwc, mé men khi ddng dang da thirc bac ba theo géc nghiéng
tlr cac gia tri tinh toan moé phéng rdi rac. Ngoai ra, trong nghién clru nay ciing xac dinh céc gia tri 16n nhét, nho
nhét clia cac gia tri hé sb lwc, mé men khi déng tlr cac ham toan hoc twong tng trong diéu kién khao sat.

Ter khod: Hé sé luc khi déng; gié ngang; xe du lich; da thirc ndi suy bac 3.
Abstract

When a sedan moves in a large crosswind, there is a risk of instability due to aerodynamic forces and moments.
The aerodynamic force coefficients depend greatly on the relative angle of inclination between the crosswind
and the vertical symmetry plane of the vehicle. Determining the relationship between the aerodynamic force
coefficients at the above relatively inclined angle is important in the research on the motion stability of sedan in
crosswind conditions. This paper presents the method of determining the coefficients of the cubic polynomial
interpolation functions for the aerodynamic force coefficients from discrete simulation values. At the same time,
also determine the maximum and minimum values of the aerodynamic force coefficients from the corresponding
mathematical functions.

Keywords: Force coefficients; crosswind; sedan; cubic polynomial interpolatio.

1. DAT VAN DE vZ = (v, +v,,cosp)? +v,,%sin’p (1)
Gié ngang 6n dinh c6 gia tri va phwong cla van tbc

khéng thay ddi theo thdi gian. Khi xe du lich chuyén W =arctan
dong trong didu kién gi6 ngang 6n dinh, than xe sé
chiu tac ddng ddng thoi tlr 2 ngudn gié: Ngudn gié do
Iwrc can khong khi do chuyén dong doc clia xe (v,) va
ngudn gié ngang 6n dinh (v,)- Theo tac gid Hucho [1]
sy tac dong clia 2 ngudn gio trong diéu kién gié ngang
4n dinh sé twong dwong vé&i mot ngudn gié ¢ toc dd v ‘
va goc nghiéng B, (g6c nghiéng gilra gié ngang va mat ~/ P
phang déi xtrng doc ctia xe). Khi dé van tbc v twong

dwong va géc xoay y clia gié (so véi phwong chuyén \\\\\\\\\\\\

dong doc x) dworc tinh nhw sau:

v, Sinp
V, +V,,COSP @)

Hinh 1. Mé hinh gi6 ngang 6n dinh tdc déng Ién xe du lich

Thong sb géc nghiéng vy, 1a rat quan trong trong nghién

ctu 6n dinh chuyén dong clia 6 t6 trong diéu kién gio

Ngudi phan bién: 1. PGS. TS. Nguyén Trong Hoan ngang. Céac lyc, mé men khi déng tac dong Ién xe du
2. PGS. TS. Nguyén Thanh Céng lich trong trwdng hop nay dwoc tinh nhw sau:
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2
o= CDA% 3)
2
Fs = CSA% (4)
pV?
FL = CLA T (5)
2
Mg = CRAI% (6)
2
Mp = CPAI% (7)
2
M, =Cy ALY ®8)
Trong do:
C,: hé s Iwc doc (theo truc x);
Cs hé sb lwc ngang (theo truc y);

C,: hé sb lyc thang ding (theo truc z);

L
. hé s0 m6 men lac ngang (quanh truc x);

o0

»: hé s6 md men Iac doc (quanh truc y);

C, hé sb md men quay than xe (quanh truc z);

D: Iyc cén khi dong (N);

S: lwc bén khi dong (N);

L: lwc nang khi ddng (N);

M_: md men l&c ngang (Nm);

M,: m& men I&c doc (Nm);

M,: mé men xoay than xe (Nm);

A: dién tich can chinh dién (m?);

I: chiéu dai co s& cua xe (m);

V: van téc gié twong dwong (m/s);

p: mat dé khong khi (kg/m?).

Cac hé sb lwc va md men khi dong (C,, Cg, C,, Cg,
C. C,) dwgc mo ta b&ng cac ham toan hoc trong cac
nghién ctru vé on dinh chuyén dong khi déng twr cac
tac gia nwéc ngoai. Cu thé, cac tac gia Milan Batista
(2014), Barker (1986), Walczak (2016) st dung ham
s& mii, ham sin ([2], [3], [5]) st dung ham da thirc két
hop vé&i ham lwong giac; tac gid Zhang (2018, [4]) st
dung ham da thc bac 2.

Trong bai bao nay, tac gia xay dwng ham toan hoc bac
3 d& mo t& sw phu thudc clia cac hé sb khi dong theo
géc nghiéng. Cac ham cla hé sé khi déng theo géc
nghiéng dwoc xac dinh tir cac gia tri cia hé sb khi
déng duegc tinh toan bang méd phdng dwa trén phan
méem chuyén dung.

2. TINH TOAN CAC GIA TR HE SO KHi DONG BANG
PHAN MEM CHUYEN DUNG

2.1. Xay dung mé hinh 3D

Trong bai bdo nay sir dung xe Toyota Altis 2017 la xe

tham khao. Khi thyc hién mé phdng, d& phu hop voi
kha nang tinh toan ctia may tinh nhwng van dam bao
dwoc tinh dung dén, do tin cay va sw twong thich cla
bai toan nghién ctu v&i thuc tién, bai bao st dung cac
gia thiét sau:

- M hinh v xe la tuyét dbi ctrng, khéng xay ra sw bién
dang cuia vd xe trong sudt qua trinh mé phoéng.

- B6 qua qua trinh trao dbi nhiét gitra vd xe va khong khi.
- B& mét vo xe 1a bé& m&tnhan, gadm xe dwoc boc phéng
(khéng xét dén cac yéu t khac cla xe nhu: Guong,
gat mua, cac gan, go, tay ndm ctra,...).

Hé toa dd trong qua trinh tinh toan cac lyc, mé men
khi déng la hé toa d6 Descarts vudng goc, véi gbc toa
dé tring véi trong tdm cla xe du lich. Chiéu “+” cla
cac lyc, mdé men khi dong dwoc quy wéc gibng nhw
Hinh 2.

Hinh 2. M6 hinh 3D xe du lich tham khdo trén hé toa dé

2.2. M6 hinh dong réi

Trong nghién ctru khi ddng hoc 6 t6, d& mo ta dong
chay khong khi bao quanh vé xe cac nha nghién ctru
st dung phwong trinh Navier - Stoke. V&i van toc dong
khi khéng 16n (hé s6 M < 0,3) nén c6 thé coi dong khi
chdy xung quanh vé xe 0 t6 la dong khéng nén, khi do
ta c6 hé phwong trinh vi phan sau:

p[%+v.Vv)= -Vp4puVAv +f ©)

D& giai hé phwong trinh vi phan nay, phan mém chuyén
dung st dung cac mé hinh dong rdi. Tac gia lwa chon
mé hinh k-epsilon (2 eqn), Realizable v&i diéu kién
bién “Non-Equilibrium Wall Functions Wall Treatmen”.

2.3. Két qud md phéng

Céc hé sb lwc, mdé men khi dong duoc xac dinh tir cac
gia tri lwc va mé men khi déng theo cac phwong trinh
tr (3) dén (8). Cac lwc, mé men khi déng dwoc tinh
toan bang phan mém chuyén dung cé dé chinh xac
cao la Ansys Fluent [6], [7].

Cac gia tri hé sé luc, hé s mé men khi ddng theo cac
géc nghiéng duwoc xac dinh theo Bang 1 va Bang 2.
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Bang 1. Hé s6 luc khi dong theo cdc g6c nghiéng

Géc nghiéng C, C, C,
10° 0,325 0,485 0,019
200 0,347 0,956 0778
30° 0,306 1,465 1,373
400 0,225 1,940 1,674
500 0,084 2,273 1,750
60° -0,063 2,308 1,621
700 -0,125 2,151 1,116
80° -0,139 2,064 0,742

Bang 2. Hé s6 mé men khi déng theo cdc goc nghiéng

Géc nghiéng C, C, o}
10° 0,040 0,031 0,140
200 0,064 0,028 0,267
30° 0,088 0,021 0,324
400 0,124 -0,040 0,336
500 0,170 -0,071 0,305
60° 0,221 -0,095 0,275
700 0216 -0,068 0,167
80° 0,227 -0,051 0,021

3. XAY DUNG HAM TOAN HOC CUA CAC HE SO

KHi bONG

Khi xe du lich di chuyén trong didu kién gié tw nhién,

goc nghiéng vy, luén luén thay ddi. Vi vay, trong nhiéu

nghién ctru vé 6n dinh ngang cac tac gia xay dwng ham

toan hoc clia cac hé sé khi dong theo goc nghiéng v,

T mot sé gia tri roi rac cac hé sé khi dong nhw Bang

1, 2 tac gia lwa chon ham da thirc bac ba dé mo ta dac

trwng cho cac hé sé khi dong [5].

3.1. Hé s6 lwc khi dong

Céc hé sb luc khi déng duoc minh hoa nhw trén Hinh 3.

Trong d6, diém hinh vuéng, nét lién biéu dién gia tri

mo phdng va dd thi ham sé clia hé sb lwc can. Diém

hinh tron, nét chdm biéu dién gia tri md phong va dd

thi cia ham sé hé sé lwc bén. Biém hinh tam giac, nét

dirt biéu dién gia tri mod phdng va db thi ctia ham sé hé

sb luc nang.

Cac ham lyc khi ddng dwgc xac dinh nhw sau:

C, =5,278.10°.y° -0,0007548.y2 +0,02289.y,,
+0,1596

C, =-4,508.10%.y2 -7,035.105.y2 +0,06156.y,,
-0,1561

C, =3,788.10°.y% -0,001632.y2 +0,1293.y,,

1,142
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Hinh 3. Cdc hé s6 luc khi déng

Viéc xac dinh ham toan hoc déc trwng cho hé sé lwc
khi dong tir cac gia tri roi rac trong bai bao la qua trinh
ndi suy. D& danh gia dé chinh xac ctia qua trinh noi suy
xac dinh hé sb can khi dong, tac gid Zhang st dung
chi sd R-square (sai l&éch binh phwong trung binh) voi
tiéu chuan > 0,95. Cac hé sb C,. C, C, trong bai bao
c6 chi sb R-square tir 0,9903 dén 0,9907 déu > 0,95.

Hé sb can sé dat cwe dai C,__ = 0,362 tai goc nghiéng
Y, = 25,2°. Hé sb luc bén cyc dai Cg_ = 2,331 tai goc
nghiéngy, = 59,2°. Hé sblycnangcwcdaiC,_ =180
tai goc nghiéng v, = 51,1°.

Lmax

3.2. Hé s6 mé men khi dong

Céc hé s6 md men khi ddng duwgc minh hoa nhw trén
Hinh 5. Trong d%, diém hinh vudng, nét lién biéu dién
gia tri m6 phéng va dd thi ham sé cta hé s6 mé men
l&c ngang. Diém hinh tron, nét chadm biéu dién gia tri
mé phéng va dd thj ctia ham sé hé s mé men lc doc.
Diém hinh tam giac, nét dwt biéu dién gia tri mé phéng
va db thi cia ham sé hé s mé men xoay than xe.

04 _

_Ham CY
V"V~~~ CY mb phéng
03 | 0 .
’ ~
b4 N
o 4 » \\
&5 02 ,' Ham CR <
° ’ \ M
£ # CR m6 phong \ v
c v - \
s 01 , \
£ . \
© \
E _______ Ham CP !
@ 0 0 ..........
%' Q . CP m6 phéng \
G <« g
0.1 L L (0] |
0 20 40 60 80 100

Gdc nghiéng (do)
Hinh 4. Cdc hé s6 mé men khi déng

Cac ham lyc khi dong dugc xac dinh nhw sau:

Cr =-1,212.10°.y, +0,0001517.y7, -0,00229.y
+0,05
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C. =1,368.10°.y2 -0,0001483.y2 +0,002284.y,,
+0,01794

C, =1,894.10°y -0,0002288 2 +0,01745.y,,
-0.005714

Cac hé §6 mo6 men khi dong C, C,, C, trong bai bao
¢6 chi s6 R-square tir 0,9505 dén 0,995 déu > 0,95.

Hé sb m6 men lac ngang cuwc dai C, = 0,22 tai
goc nghiéng vy, = 71,3°. H& sG mé men lac doc cuwc
dai C,__ = 0,045 tai goc nghiéng y = 10,2°. H& sb
m& men xoay than xe cwc dai C, = 0,349 tai goc
nghiéng v = 38,4°.

4. KET LUAN

Bai bao da xac dinh ham sb cta hé sb khi dong theo
goc nghiéng dwa trén cac gia tri r&i rac tr mé phéng
sb v&i dd chinh xac cao. Két qué cla nghién clru cd
thé dwoc str dung 1am théng sé dau vao cho bai toan
danh gia sy 6n dinh chuyén dong ctia xe du lich trong
céc diéu kién gi6 ngang khac nhau.
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