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Hién nay cac phwong phap mé phéng sb dang duoc st dung rdng rai dé nghién clru cac co
hé, dac biét qua trinh mé phéng da thé hién dwoc tinh wu viét cao va né cé thé miéu ta duoc
ca cac hé phi tuyén khi ap dung vao mé phéng hé dao déng cla 6 t6. Xuéat phat ti» nhirng
yéu ciu trén, bai b4o nay st dung phan mém Matlab—Simulink mé phéng nghién ctu hé
dao ddng cutia 6 t6 co xét dén cac yéu tb phi tuyén tir chon cac thdng sé két cAu nhu: than xe,
gidm chan va cau xe dé dam bao do ém dju chuyén dong cho xe khach. Bai bao nay sé lam
ré van dé cta cac két ciu trén anh hudng dén dd ém diu ctia xe ché khach, tir d6 lwa chon
dwoc két cAu phu hop véi tirng loai xe khach.

Xe khéch, phi tuyén, dao déng, mé phéng.

Currently, numerical simulation methods are widely employed to study various systems,
particularly in simulating processes that demonstrate high excellence and can describe
nonlinear systems when applied to simulating the oscillation system of an automobile.
Based on these requirements, this paper utilizes Matlab-Simulink software for simulating
research on the vehicle's oscillation system, considering nonlinear factors by selecting
structural parameters such as the vehicle body, suspension, and tires to ensure a smooth
motion for passenger vehicles. This paper will elucidate the influence of these structures on
the ride comfort of passenger vehicles, thus facilitating the selection of suitable structures for
different types of passenger vehicles.

Coach, nonlinear, oscillation, simulation.

1. DAT VAN BE

Do ém diu cua xe khach dong vai tro quan
trong trong viéc tao ra mét trai nghiém thoai
mai va an toan cho khach, viéc cai thién van
dé nay can cd nhiing nghién cau, mot trong
nhiing viéc d6 1a nghién ciru sdu hon vé hé
théng dao dong cua 6 t6, do ém diu ciing nhu
chat luong dong hoc va dong luc hoc cua xe
nham thu duoc thudc tinh ti wu.

Tir nhitng thuc té do, da co cac dé tai thudc
chuyén nganh 6 t6 dé cap dén vin @& dao

dong cua 6 t6 [6], trong dao dong cua 6 to thi
c6 rat nhiéu van dé can nghién ctu va nghién
ctru cho nhiéu loai 6 t6 khac nhau.

Trong nghién ctu nay, nhom tac gia xay dung
mo hinh dao dong cho xe khach Mercedes 16
chd. Khung vo xe 1a mot khéi lién trén dé c6
bat cac cum duoc treo, hé thng treo trudc 1a
hé thong treo doc lap kiéu treo McPherson va
hé thdng treo sau la phu thudc [4]. M6 hinh
dao d@ong nhom chon la mod hinh khdng gian
bao gom cac khéi luong lién két véi nhau
bang cac phan lyc lién két.
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Trén co s& md hinh dao dong tuwong duong
nghién ciru da 4p dung nguyén ly D’Alambe
dé tién hanh lap hé phwong trinh vi phan biéu
dién dao dong. Hé bao gom 7 phuong trinh vi
phan mo ta dao dong.

2. XAY DUNG MO HINH VI PHAN VA THIET

LAP HE PHUONG TRINH VI PHAN MO TA
DAO BONG

2.1. Xay dwng mo hinh

Duva vao cdc chi tiéu danh gia d6 ém diu
chuyén dong cua 6 t6, dua ra mot sé chi tiéu
trong tdm [1]. Phan mém Matlab-Simulink [2]
dung dé moé phong dao dong caa xe voi kich
dong tir mat duong duoc do tir thuc té doan
duong Ha Noi - Lang Son.

2.1.1. M6 hinh dao déng
2.1.1.1. M6 hinh dao dong Ya

M6 hinh 1/4 c6 thé dung dé chon tbi uu cac
thong sé nhu d6 ctng 16p, khéi luong khong
duoc treo m, d6 cang C va hé s can giam
chan K theo cac ham muc tiéu vira néu trén.
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Hinh 1. M6 hinh %

Trong qué trinh nghién ctu cac hé s C va K
c6 thé dugc md ta phi tuyén:

C=f(¢-z) K=f(¢-z)
2.1.1.2. M6 hinh dao déng lién két

M6 hinh nay hiéu qua voi bai toan b tri

chung, va 1a mé hinh don gian khi nghién ctu
vé dudng va phan b tai khi phanh.
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Hinh 2. M6 hinh phéng dao déng 6 t6 2 cau

2.1.1.3. M6 hinh %2
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Hinh 3. M6 hinh Y2

Mo hinh 1/2 dugc dé cap véi muc tiéu nghién
ciu thanh 6n dinh. Md hinh 1/2 c6 hai khéi
lugng dugc treo va khong duoc treo véi cac
thong s6 vat Iy 1a (M, Jx) va (m, Jox), lién két
qua hé treo voi thong sé vat Iy 1a (C, K).

2.1.2. Xay dumg m6 hinh dao déng
Thiét lap phuong trinh vi phéan [1].

Theo nguyén ly D’ Alambe:

F+F, =0

Trong do:

F : Latdng c4c ngoai luc tac dung Ién vat;
Ifqt: La tong luc quén tinh tac dung Ién vat.

Tir md hinh dao dong cia xe, ta xac dinh khéi
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luong cua cac thanh phan: khéi lugng khdng
duoc treo trudc va sau, hé thdng treo trude, hé
théng treo sau, than xe,...

Hinh 4. M6 hinh dao dong xe khéach

Sau khi tdch m6é hinh dao dong cua xe ra
thanh co hé gdom nhiéu vat, thiét lap cac
phuong trinh can bang theo céc toa do suy
rong ddi véi tung vat theo nguyén ly
D’Alambe ta thiét lap duoc hé phuong trinh vi
phan dao dong cua xe [5]:

Myrg-myp.ErtEr K =0

Mp.g-Mp.EptEp +F =0

B
g(Fzr 'F3P)+72(Fur'l:up)=0

M.g-M.Z-F-E, -Fy-Fp =0
'Jy";; -4 (F1r + FIP ) +b(Fzr +F2P) =0

- B BEE
Jy.0 - 71(1:” -Fp ) 'T(FET -Fp) =0

= Hé phuong trinh vi phan, ¢6 7 an s6 la
& Epi &3 05 0,5 0, Z. St dung phan mém
Matlab — Simulink [2] giai hé phuong trinh
vi phan trén d¢ mod phong dao dong cua than
Xe.

3. MO PHONG DAO DONG
3.1. So dé mod phéng cua cac khoi

Tu thu vién Simulink ta c6 duge so d6 md
phong cua céc khdi.

3

Hinh 5. So dé téng thé dao déng [3]

Nhu vay so do téng thé da dap tmg duoc yéu
cau cuia viec mod phong qué trinh dao dong caa
xe kha chinh xac va khoa hoc.

3.2. Sor d6 khéi chirc nang

= Khdi than xe:
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Hinh 6. S dd mo6 phéng khéi than xe

+ Khéi “Z”: M0 ta dao dong cua trong tam G
cua than xe, ta c6 phuong trinh vi phan:

-M.g-M.Z-F; -Fp -Fr -F, =0

+ Khéi “phi”: M6 ta dao dong quay ngang
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than xe, ta c6 phuong trinh vi phan:
J,.0-a(Fy +Fp)+b(Fr +Fp ) +F, =0

+ Khéi “Teta™ M6 ta dao dong quay quanh
truc doc than xe, ta ¢c6 phuong trinh vi phan:

- B B
Jx-0 _?1(F1T B FlP)_%(FZT 'F2P): 0

= Khéi giam chan:
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Hinh 7. So dd mé phéng khéi giam chéan

+ Su phu thudc caa hé sé can giam chan vao
van téc dao dong dugc md ta bang phuong
trinh:

khiv,, <-0.3
khi—0.3<v, <0
um  Khivg, >0.3

wn  KhiO<v, <0.3
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KlT =

A N XN X

= Khdi ciu xe:

Khéi ciu xe chira cac khdi mé ta cac dao
dong thanh phan caa cac khéi luong khong
duoc treo”:
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Hinh 8. So* dd mo6 phéng khéi cau xe

+ Khdi cau xe duoc nay md ta 4 phuong trinh
vi phan:

-Mpp.g-Myp.Ept By +Fp +F, =0
-My.g-my.&+Er +F i -F, =0
-M,.g-M,.Ey+ By +F or T Fp +F 5 =0

o B B
Jox-O2+ %(FZT -Fp)+ ?Z(FLZT -F)=0

4. KET QUA MO PHONG

4.1. Cac thdng sé cta xe dwa vao tinh toan

Cac thong sb ki thuat cua hé thdng treo duoc
ldy dira trén co s cua xe khach mercedes 16
chd. Bo thong sé cua xe ¢ dudi bao gom ca
c4c thdng s6 do dac va ca cac thong sb tinh
toan theo tai liéu [4].

Bang 2. Céc thong sé cua xe khao séat

Thong sé Pon vi Thong sé Pon vi
a=1091 M Kimm =193 Ns/m
B=1,64 M Kinn=492,5 Ns/m
B:=1,320 M Kitm = 609 Ns/m
B,=1,330 M Kin=1517,5 Ns/m
Byy =1,160 M Konm = 245 Ns/m
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Théng sb Pon vi Théng sb Pon vi
Cit=29781 N/m Kaonn = 625 Ns/m
Cip=29781 N/m Kotm = 740 Ns/m
Cor= 46446 N/m Kan= 1835 Ns/m
Cop = 46446 N/m Kod = Cod/(2*pi*0.172) | N/m
Cui7 = 152000 N/m Kiip= 1260 Ns/m
Crip= 152000 N/m Koot = 1567 Ns/m
CLot = 310000 N/m Kiop= 1567 Ns/m
Crzp = 310000 N/m L=3,55 m
f=0,16 M Mye = 2120 kg
g=9.81 m/s’ M = 1950 kg
ga=8 bo v=04 m
J,=678 Nms? mat = 40 kg
Jy=2315 Nms? Myp= 40 kg
Jp=0 m/s vV =60 Km/h
vg=0 m/s? S.=2,66 m?

4.2. Két qua mo phéng
4.2.1. Két qua mo phoéng dao déng

Véi cac thong sb ¢ trén ta cho chwong trinh
chay cho dén khi dirng, van téc xe 60 km/h
quang duong thi nghiém 1 km thi thoi gian
chay 60 giay.

= Toa d0 Z va gia toc dao dong cua trong
tam than xe:

Toa dd dao dong than xe theo thoi gian

Toa d6 trong tim thén xe Z (m)

Thoi gian t (gidy)

Hinh 9. Toa d6 dao dong trong tdm xe Z

Gia téc dao déng trong tam thin xe (m/s?)

Théi gian t (gidy)

Hinh 10. Toa d6 dao ddng trong tdm than xe

theo th&i gian

Qua cac d6 thi hinh 9 va 10 ta thdy, than xe
dao dong diéu hoa xung quanh vi tri can bang
Ze, = -0,14 m va dat 6n dinh sau khoang 2
giay.

= Goc lic doc (teta) va goc lic ngang (phi)
cua th&n xe quanh céac truc doc va truc ngang
di qua trong tm than xe.
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_— Gnc \ac doc Teta
—Goc lac ngang Phi

EX T T LCCCRTEERECPEIPRREEOPIEERRORILL PRERRRR] || % | B SECRRCPPTEPRREDL FERE (1 £} ERERROOPPRERR R

Géc lac thin xe (Rad)
&
;
i—

|

Théi gian t (gidy)

Hinh 11. Géc lac doc, ngang than xe

G6c lac theo truc doc cua xe (teta) trong hinh
11 dao dong xung quanh diém 0 va co bién do
nhé hon goc lac theo truc ngang than xe (phi),
diéu nay co thé giai thich 1a do chiéu dai co so
cua xe lén hon chiéu rong co sé va bién dang
duong giita hai vét trai, phai ciing khac biét it

hon so vai bién dang duong gitra hai vét truée,

Sau.

= Toa do trong tam cau xe:

Csi1T
CsilP
0.06 Csi2

Toa do trong tim cAu xe (m)
5

o
=
=

i

-0.04
20

L
26 27 28 29 30

Théi gian t (gidy)

Hinh 12. Toa d6 trong tam cau xe theo th&i gian

Toa do trong tdm cau sau Csi2 duoc biéu dién
bang duong mau xanh 1a cdy “green” nhu
hinh vé. Céac toa d6 CsilT va CsilP khéng
khac biét nhiéu 1a do bién dang duong gitra
hai bén trai phai gan twong ty nhau, do cting
cua 16p 1a bang nhau.

4.2.2. Anh hwong ctda cac thong sé dén
dao dong cua xe

4.2.2.1. Anh hudéng clda van téc xe

Ta cho van tdc xe thay d6i tir 10-100 km/h,
trén 1km duong thuc té Ha Noi — Lang Son
Véi van téc chuyén dong 1a déu.

D6 léch quén phuong gia téc trong tam than

Anh huéng cia vén téc xe dén sai léch quan phwong
toa d6 trong tam than xe Z

xe (m/s?)

n L L L N L
40 50 80 70 80 80 100

Van t6c xe (Km/h)

Hinh 13. Dd léch quan phwong D; theo van téc
buong sai l1éch quan phuong toa do trong tam
than xe Dz tang dan khi tang tdc do dong co.

= Anh huéng cua van tbc xe dén sai léch
quan phuong gia toc trong tdm than xe:
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Van téc xe (Km/h)

Sai léch quén phuong gia téc trong tdm thin xe

Hinh 14, Do léch quan phwong gia toéc trong tam
than xe D, theo vén téc

Anh huoéng coa van téc xe dén sai léch
quan phuong cac goc 1ac than xe Dphi, Dreta
(Rad):

Anh hwong cia véin téc xe dén sai 16ch quan phuwong goc
lac doc than xe (Phi)
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Vin téc xe (Km/h)

Sai léch quan phitong géc lic doc than xe (Rad)

Hinh 15. Pd Iéch quan phwong goc lac than xe
Dq)theo van téc
Do léch quan phuong goc lic doc than xe
D, tang khi van toc xe tang.
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Anh hudng ciia vAn t6c xe dén sai léch quan phrong goc
lic ngang than xe (Teta)

Sai léch quén phuong géc lic ngang than xe (Rad)

20 30 a0 50 50 70 80 ) 100
Van téc xe (Km/h)

Hinh 16. B léch quéan phwong géc lac than xe D,

theo van téc

= Anh huéng cua van toc xe dén cac sai léch
cac toa do trong tdm cau xe Dcsitt, Desitp,

Dcsiz
0.013 . I
Csi1P
-
e Csi1T
o 00125 csi2 | - B -
5
€ oom N ]
an
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= 00115 A B
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=
5 00105 ‘\/>K [ R ——
o R N
3
0.01
10 20 30 40 50 0 70 30 90 100

Vian tdc xe (Km/h)

Hinh 17. Pd léch quan phwong toa d6 cic cau xe
theo van téc xe

= Anh huong cia van toc xe dén do léch
quén phuong géc lac cau sauD, :
2

0.0135

0.0115 /
0.011

10,0108 [ === e e e e e e e e RO RRR PR

0.01 % SR P S —

N—i— ]

0.0085 [ N N —

0.009,
10 20 30 40 50 60 70 80 0 100

Vian téc xe (Km/h)

Sai léch quéan phrong goc lic ngang céu sau (Rad)

Hinh 18. D6 léch quan phwong géc lac cau sau
D, theo van téc
2

4.2.2.2. Anh hudéng clda cac thdng sé gidm
chan

= Anh huéng cua hé sb can giam chan dén
sai léch quan phuong toa do trong tdm than xe
Dz (m) va gia toc than xe D, :

0.013 s L L s L L L s L
0.6 0.7 0.3 0.9 1 L1 12 L3 1+ 15 L6

HE s6 cén cia gidm chén X*K

Sai léch quan phwong toa d8 trong tdm thén xe (m)

Hinh 19. Anh hwéng d6 can cha giam chén
dén sai léch quan phwong tea dd trong tam than xe D;

*3%s 0.7 0.8 0.9 1 1.1 1.2 13 1+ 15 16

Hé s6 can cua giam chén X*K

Sai léch quan phuong gia téc trong tAm xe (m/s?)

Hinh 20. Anh hwéng cua dé can giam chan
dén sai léch gia téc trong tm than xe D,

Tir hai dd thi ta thy rd ca Dz va D, déu giam

khi hé s6 can cua giam chén ting, tic 12 khi ta
tang d6 can cua giam chan thi d6 ém diu
chuyén dong cua xe tang.

4.2.2.3. Anh huéng cua khéi lrong than xe

2 4 6 8 10 12 14 16
Sé hwong hanh khach (ngudi)

D0 léch quin phwong toa d6 trong tdm xe DZ(m)

Hinh 21. Anh hwéng cua khéi lweng dwerc treo
dén sai léch toa do6 trong tam xe Dy
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Ta théy, Dz giam khi tang s6 hanh khach va
dat min khi n = 8 nguoi, sau do lai tang 1én.
Tuy nhién Dz van nam trong giéi han cho
phép.

D6 léch quan phuong gia tdc trong tim xe (m/s?)

0 2 4‘ 6 8 1{0 12 14 16
$6 hwong hanh khach (ngudi)

Hinh 22. Anh hwéng cua khéi lwong dwoc treo
dén sai léch gia téc trong tdm xe DZ

Ta thdy D lai giam dan khi s6 luong hanh
khach tang va dat gia tri Min tai n = 16 nguoi,
D, min = 1 m/s”. Tuy nhién ngay ca khi D,
dat gia tri 1on nhat thi D, s van chua vuot
qua gidi han.

5. KET LUAN

Bang thuc nghiém va s dung phan mém
MatLab — Simulink di thu dugc cac két qua

c6 do chinh x4c va tin cay cao.

= Xay dung dugc md hinh dao dong khong
gian cua xe khach 16 chd ngdi vai cau trude
doc 1ap va cau sau la phu thudc, qua dé ap
dung nguyén 1y D’Alambe di thiét lap dwoc
hé phuong trinh vi phan mé ta dao dong cua
Xe V61 7 phuong trinh.

= MO phong dao dong cua xe nho vao cac
khdi chtc niang trong thu vién cua Simulink
trong d6 c6 cac yéu té phi tuyén nhu: goc dat
giam chan, hé sb can cua giam chan.

» Thu dugc cac két qua nhu: chuyén vi,
van téc, gia toc chuyén dong cua trong tam
than xe, trong tdm c&c cau xe theo phuong
thang ding Z; cac goc lac cua than xe va goc
lic cua cau sau; luc tac dung tir hé thong treo
Ién than xe.

= Pua ra dugc mdi quan hé giira cac théng sd
két cdu nhu: hé s6 can cua giam chan, khoi
luong cua xe... trong cac diéu kién khac nhau
cuia van tc xe va gia téc phanh dén céc théng
sb dao dong cua xe la chuyén vi va gia téc dao
dong cua trong tam than xe, tir d6 c6 thé danh
gia va lua chon mot cach so bo cac thdng sé
két cdu nay nham dam bao d6 ém diu chuyén
dong cho xe.
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