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TOM TAT:

Tai Viét Nam, xe khach dugc st dung rat nhiéu trong viéc van chuyén hanh khach,
thich hop trong viéc luu thong trén cac duong nho, duong ndng thon. Trong khi do cac
cung dudng nay con chua hoan thién, nhidu noi mit duong chwa bang phang véi do map
mo 16n. Do do, khi xe chay trén duong s€ bi rung xoc, lam gidm do ém diu chuyén dong,
sinh ra tai trong dong, gdy hu hong mot sé chi tiét va pha hong mat duong. Bai béo trinh
bay céc két qua nghién ctru anh hudng cta chat luong mat duong dén dao dong cua xe
khach bang cach xdy dyng mé hinh dong luc hoc ciia 6 t6. Cac két qua nghién ciru 1a dé
xuat do ctimg t6i uu hé thong treo xe khach nham giam thiéu sy rung dong tir mit duong
g0 ghé dén than xe, mang lai sy thoai mai cho ngudi 14i xe va hanh khach.

Twr khoa: Dao dong, xe khach, dong luc hoc, ISO 8608:2016
ANSTRACT:

In Vietnam, passenger vehicles are used a lot in the transportation of passengers,
suitable for circulation on small roads or rural roads. Meanwhile, these roads in our
country have not been completed, and in many places, the road surface is not flat with
high roughness. Therefore, when the vehicle is running on the road, it will vibrate, reduce
the motion smoothness, generate dynamic loads, damaging some parts the road surface.
The article presents the results of research on the influence of road surface quality on the
vibration of passenger vehicles by building a dynamic model of the vehicle. The research
results are to suggest the optimal stiffness of the passenger vehicles suspension system
to minimize the vibration from the rough road surface to the vehicle's body, bringing
comfort to the driver and passengers.

Key works: Oscillation, passenger vehicles, dynamics, ISO 8608:2016
1. Mé dau diu, an toan chuyén dong, dac biét 1a khi 6

t6 di chuyén trén loai dudng cé chat luong

Hé théng treo 1a hé théng quan trong B . p o N ;
mat duong xau. H¢ thong treo khong tot

trén 6 t6, anh huong truc tiép dén tinh ém
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s& giy ra lyc dong tac dong xudng nén
duong gay pha huy mat duong. Trén céc
0 t0 khach nho hién nay thuong st dung
hé théng treo co phén tr dan hoi kim loai,
viéc kiém soat khong tot do cing s& giy
ra dao dong 16n, lam mét 6n dinh than xe.
Co6 ba hudong nghién ctru chinh lién quan
dén dao dong 6 t6, bao gdm: Nghién ciru vé
bé mit dudng; Nghién ctiru dao dong cua 6
t0; Nghién ctru cam giac va stc chiu dung
cua con nguoi [1]. Hudng nghién ciu thir
nhét, nghién clru vé bién dang mép mo mat
duong, anh huong ctia mat duong dén dao
dong cua 6 td, xac dinh cac lyc tdc dong
ciia 6 t6 xudng mit duong. Theo hudng
nay can tim ra cic quy ludt, cdc ham toan
hoc mo ta bién dang cua mat duong. Mép
mo6 mat duong thuong khong c6 quy luat
(mdp mé mat dwong ngdau nhién), d& mod
ta toan hoc bién dang mat duong duong
cac dic trung thong ké gom: ky vong toan
hoc, phuong sai va mat do phé nang lugng
ctia chiéu cao map moé mit duong [1]. Trén
thé giéi da c6 nhidu cong trinh nghién ciru
vé viéc md ta toan hoc do mép mé bé mit
duong. Huéng nghién ctru thu hai, nghién
ctru dao dong 6 t6 voi m ¢ dich cdi thién do
ém diu chuyén dong, chét luong kéo, tinh
kinh té, tinh dan hudng, d6 6n dinh chuyén
dong, d6 bén va do tin cdy... Vi vay, nghién
ctru dao dong 6 t6 1a nghién ctru moéi quan
hé gitta dao dong cua 0 t6 vdi cac chi tiéu
ctia cac chit luong khai thac ké trén.

Céac nghién ctu vé dao dong trong
nhitng nim gan ddy chu yéu nghién ctru vé
tinh ém dju cua xe bang cach diéu chinh
d6 ctng va hé sd can giam chin hé thong
treo. Tai Viét Nam, cong trinh nghién ctru
[2,3] vé& xe chita chay rimg da ning, tac
gia nghién clru anh hudng cua mat duong,
toc d6 chuyén dong dén dao dong va trong
dong cua xe. Nhiéu tac gia & cac nude chau
Au va My da cong bd cac cong trinh nghién
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ctru vé dao dong thang dung va rung xoc
cua 6 to [4], [5], [6], [7]; anh hudng cua
két cdu bod phan treo dén ém diu chuyén
dong [8], [9]; phuong phap md phdong va
cac phan mém tmg dung trong nghién ciru
dao dong 6 t6 [8], [10]; phuong phap thuc
nghi¢ém nghién ctru dao dong 6 to [11],
[12]. Ngay nay trén thé gidi cac nghién
ctru vé dao dong cua 6 t6 da dat dugc nhiéu
thanh tyu dang ké.

2. Két qua nghién ciru va thao luan

X4y dung mo hinh toan hoc

Mot so gia thiét khi xAy dung mo hinh

Khi xe hoat dong trén duong do mat
duong khong bang phang, nén nd s& c6 dao
dong phuec tap tur sy kich dong dong hoc cua
map md miat duong. Dé khao sat cac dao
dong nay ching ta xét mo hinh dao dong
quanh vi tri cAn bang tinh khi xe chuyén
dong trén nhiig doan dudng thang véi van
toc khong doi. Xe khach 1a mot hé co hoc co
cac lién két dan hdi. Pac trung cho su dan
hdi nay 1a sy bién dang cua cac banh 16p,
nhip va cac khédp, nén no6 1a mot co h¢ phirc
tap. D¢ 1ap mo hinh tinh toan dao dong cua
xe, tac gia dat ra mot ) gia thiét sau:

- Trén xe chd day khach va xem tat ca
hanh khach trén xe nhu mot khoi dic;

- Céac banh xe ludn tiép xtc v6i mat
duong, lién két banh xe voi duong 1a gitr,
dung va hinh hoc;

- B6 qua anh hudng cua sy truot cua
cac banh xe vdi mat duong;

- Mat duong cé bién dang rat nho, coi
nhu cing tuyét doi;

- Céc phan tir dan hdi lam viéc trong
giai doan tuyén tinh;

- Bo6 qua anh huong cua lyc can khong
khi va ma sat & cac 6 truc cua céac banh xe;

- Dao dong cua xe duoc xét 1a cac dich
chuyén quanh vi tri can bang tinh.
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M4 hinh dao ddng xe khach 16 chd phu thudc cau sau. md hinh dao dong
Xe khach gdm 2 cau véi h¢ théng cua xe gom 7 bac tu do dugc mo ta
treo doc 1ap cdu trude, hé théng treo hinh L.

Hinh 1: Mé hinh dao déng xe khdch 16 ché

Str dung hé phuong trinh Newton-Euler [1, 2, 4, 5], tac gia thiét 1ap dugc hé phuong
trinh dong luc hoc theo phuong thang ding d6i véi xe khach nhu sau:

mZ+K,(2Z+2Ba-2,-2,)+C (2Z+2p.a~2,,~Z,)

. : 1
+K, (22 -2Bb-22,)+C,(2Z-28b-2Z,)=0 M
I, G+K e(2de—2,+2,)+Ce(2ae-Z,+Z,)

2
12K, (d-d,)+2C,¢ (a-a,) =0 @
), B+K.a(2Z+2Ba-2,~2,)+Cra(2Z+2Ba~7,~Z,)
2K, b(Z-pb-2,)-2C,b(Z~pb-2,)=0 ®)
m,.Z, +K, (le —Z—d.e—ﬂ.a)+C1 (Z,-Z-ae-pa)

) . 4
+KL1(le_h11)+CL1(le_hll):() *)
m,.Z, +K, (212 -7 +d.e—,6’.a)+ C(Z,-Z+ae-p.a)
+KL1(le_hl2)+CLl(Zl2_h12):0 ®
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m,Z,+2K,(Z,~Z+ Bb)+2C,(Z,
+K (2Zu _hzl _h22)+ Ch (2Zu —hy, _hzz) =0
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—Z+f.b)

(6)

J, G, +2K, ¢ (6, —d)+2C, ¢ (a, —a)

+K,.B(2¢,.B=hyy +hy, )+ Cpy B(20, B= iy + Iy, ) = 0

Nhém tac gia st dung phin mém
Matlab-Simulink dé khao sat dao dong xe
khach 2 cu, trong diéu kién doan xe chay
6n dinh trén dudng thing, khong c6 luc
ngang tac dung. Trong khdo sat nay, tac
gia sit dung kich thich mat duong ngau
nhién theo tidu chuan ISO 8608:2016
tac dung 1én cac banh xe vai chat lugng
dudng tor muc tdt, trung binh, X4u va rat
x4u (tvong duong cap loai duong B-C,
C-D, D-E va E-F). Két qua khao sat trén
mit dudng ngiu nhién dé danh gia tinh
ém diu chuyén d()ng cua 0 to6 khi 6 to
chuyén dong. Két qua mo phong thu duoc
gia tri dich chuyén va gia téc dao dong
cua than xe. Ngoai ra, trong nghién ctru
nay, tac gia khao sat anh hudéng do cliing
hé théng treo (ting va giam do ctng so
v6i thong sd ban dau) dé danh gia muc
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Hinh 2: Dich chuyén thén xe, vén téc 80 km/h,
trén duong BC
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d6 ém diu cua xe va dong thoi dé xuét gia
tri hop 1y nham tang tinh ém diu chuyén
dong cua xe.

Khao sat dao dong xe khach

Truong hop dd cimg hé thong treo
ban dau

Tién hanh mé phong dao dong 6 t6 khi
cho cac banh xe chuyén dong qua mit
duong theo tiéu chuan ISO 8608:2016. Van
téc khao sat cia xe thay doi tir 40 dén 100
km/h. Gia tri dich chuyén va gia toc than
xe trén 4 loai duong dugc mo ta hinh bén
dudi. Cac hinh 2,4,6,8 mo ta cac gia tri cua
dich chuyén than xe véi van toc 80km/h va
cac hinh 3,5,7,9 mo ta gia tdc than xe véi
van téc 80km/h khi xe di chuyén trén céac
loai duong co chat lu:O'ng tuong tng 1a tot,
trung binh, x4u, rat xau.
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Hinh 3: Gia téc thdng diing thén xe, vén téc
80 km/h, trén duong BC
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Hinh 8: Dich chuyén than xe, vén téc 80 km/h,
trén duong EF
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Hinh 5: Gia téc thang diing thén xe, vén téc
80 km/h, trén duong CD
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Hinh 9: Gia téc thang diing than xe, van téc
80 km/h, trén duong EF
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Duya vao m6 hinh mo6 phéng dao dong cua
6 t6 khach trong khong gian va két qua danh
gia vdi cac ché do van toc chuyén dong khac
nhau, véi kich thich mit duong ngau nhién
cho thy chét luong duong cang xau thi dich
chuyén va gia toc than xe cang 16n, trén cing
mot loai duong nhung téc d6 chuyén dong
clia xe tang 1én thi gia tri dich chuyén va gia
toc than xe dé tang 1én. Xét theo tiéu chuan

ISO 2631 [14] do ém diu ddi voi ngudi cho
thiy khi xe chuyén dong trén duong co chét
lwong tt (B-C), chit lwong trung binh (C-
D), chat luong x4u (D-E) thi gia tdc 16n nhét
cua than xe nhé hon gidi han 1am viéc (6,3
m/s2 [15]. Khi xe di chuyén trén duong c6
chat luong rat xau (E-F), khi van tdc xe tir
80 km/h tré 1én thi gia toc dao dong than xe
16n hon gidi han 1am viéc.

Bing 1. Gid tri I6n nhat cia dich chuyén, gia toc than xe khi di chuyén trén dwong
VOi cdac van toc chuyén dong khdac nhau.

Vantdc| 40 km/h 60 km/h 80 km/h 100 km/h
Loai Zmax Z max Zmax Zmax Zmax Zmax Zmax Z max
duémg (m) | (m/s’) | (m) (m/s’) | (m) (m/s’) | (m) | (m/s’)

B-C 0.0025 10.5624 |0.0026 |0.77786 [0.0031 |0.77583 [0.0037 [0.9128

C-D 0.008 [0.9955 |0.0095 |[1.1491 |0.0162 |1.36903 |0.019 |1.8956

D-E 0.0244 |1.6166 |0.0253 |2.65964 [0.0331 |3.06487 |0.0407 |3.7638

E-F 0.0603 {4.2518 |0.06629 |6.19351 |{0.0757 |7.01708 [0.0857 |7.937

01

Eoos
=
[+}]
S 0,064
r_% 0.06
[= %
0
2004
§ 4
@ 0.02 - -

L

Dﬂ- £ £ 4>

40 60 80 100

Velocity (km/h)

Hinh 10: Dich chuyén thén xe I6n nhdt,
v =40 + 100 km/h, duéng B-C, C-D, D-E, E-F
Anh huéng dd cirng hé thong treo dén
dao dong ctia xe
Khdo sat anh huong cua do cung hé
thong treo dén tinh ém diu cua 0 to, véi
map md mat duong dang ngau nhién theo
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Hinh 11: Gia téc thdng ding thédn xe I6n nhat,
v=40+ 100 km/h, duong B-C, C-D, D-E, E-F

tieu chuan ISO 8608:2016 trén 4 loai
duong, 6 t6 chuyén dong & cting mot van
téc 80 km/h voi cac gia tri do cimg nhu
sau: Do cimg ban dau C = 326000 N/m;
tang do cung C = 652000 N/m; giam do
cung C = 163000 N/m.
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Hinh 12: Dich chuyén thén xe, vdn téc 80 km/h,
trén dudng B-C khi thay déi dé cing
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Hinh 14: Dich chuyén thén xe, vén téc 80 km/h,
trén duong D-E khi thay déi dé ciing
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Hinh 16: Gia téc thén xe, vdn téc 80 km/h,
trén duong B-C khi thay déi dé cing
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Hinh 13: Dich chuyén than xe, vdn téc 80 km/h,

trén dudng C-D khi thay déi dé ciing
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Hinh 15: Dich chuyén thén xe, vén téc 80 km/h,

trén dudng E-F khi thay déi dé ciing
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Hinh 17: Gia téc thén xe, vdn téc 80 km/h,
trén dudng C-D khi thay déi dé ciing
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Hinh 18: Gia téc thdn xe, vén téc 80 km/h, Hinh 19: Gia téc thdn xe, vén téc 80 km/h,
trén dudng D-E khi thay déi dé ciing trén dudng E-F khi thay déi dé ciing
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Bing 2: Gid tri [6n nhdt dich chuyén va van toc thin xe khi thay doi do cieng hé thong

treo
Van téc| DO 40 km/h 60 km/h 80 km/h 100 km/h
ctng hé
thd . y y .
Loai tlf)er(l)g Zmax Zmax Zimax Zmax Zmax | Z, Zimax

duong (KN/m) M) A s | ) | s | M) | ) | )| /s

C=163 |0.0059 [0.456 [0.0073 |0.665 [0.0164 |0.8465 |0.0 0.869
B-C C=326 |0.0025 |{0.562 |0.0026 |0.777 [0.0031 [0.7758 |0.003 [0.9128
C=652 |0.0021 |0.644 |0.0024 |0.676 [0.0029 |1.0977 |0.031 |1.4516

C=163 |0.0112 |0.865 [0.015 |1.124 |0.0221 [1.2495 |0.027 |1.766

C-D C=326 |0.008 [0.995 [0.0095 |1.149 |{0.0162|1.3690 |0.019 |1.8956
C=652 |0.0062 {1.088 [0.087 |1.358 [0.01 [1.7281 |0.014 |1.9061
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Vantoc| DO 40 km/h 60 km/h 80 km/h 100 km/h
cfmghé
Loai NN 7 | Zmax| Zp | Zmax| Zy | Zmax| 2, | Zax
duong N\ | (Nvmy | | )| | sy | O sy | ) ()
C=163 [0.03 |1.871 |0.0378 |2.541 |0.039 |2.9207 [0.042 |2.9069
D-E  |C=326 [0.0244 |1.616 |0.0253 [2.659 |0.0331|3.0648 [0.040 |3.7638
C=652 |0.0135 |3.046 |0.0235 |3.046 |0.0292 |4.811 [0.031 |4.0333
C=163 [0.0603 |4.251 |0.0662 |6.193 |0.0757 |7.0171 |0.085 |7.937
E-F  [C=326 [0.0603 |4.251 [0.0662 |6.193 |0.0757|7.0170 |0.085 |7.937
C=652 [0.0513 |5.008 |0.0542 |6.623 {0.0489|7.8005 |0.052 |9.6441

Nhan xét: Khi thay d6i d6 cting hé thong
treo s& lam anh hudong dén cac thong sb cua
dao dong. Khi do cimg hé thong treo ting,
lam tang binh phuong trung binh gia tdc
than xe, lam gidm tinh ndng ém diu cua xe,
nguoc lai khi giam d6 ctng hé thong treo s&
tang tinh ém diu cua xe. Khi tdng do cung
hé thong treo s& lam giam dich chuyén than
xe, tang tinh on dinh cua 6 t0, khi giam do
cting hé thong treo sé& lam tiang dich chuyén
than xe, giam tinh 6n dinh ciia 6 t6.

Dbi v6i xe khach 16 chd, véi thong sb
do cting va h¢ sb can giam chén ban dau,
khi xe chuyén dong trén duong cé chit
luong tét, trung binh, xau thi voi van tdc
100 km/h chuwa anh huéng dén hanh khach
trén xe. Khi xe chuyén dong trén dudng rat
xau thi van toc chuyén dong 1a 80 km/h s&
anh huong dén hanh khach trén xe.

3. Két luan

Xe khach lam viéc tai Viét Nam trén
nhiing dia hinh va cung dudng khac nhau,

38

do mép mo mat dudng khac nhau nén anh
huong dén sy ém diu cua xe. Khi thay d6i
cac thong dau vao dé khao sat hé thong
treo cho thay, khi taing d¢ cimg hé thong
treo thi gia toc than xe ting 1én, dich
chuyén cia than xe giam di; khi giam do
ctimg hé théng treo thi xe chuyén dong ém
diu hon, trong khi d6 dich chuyén than xe
lai ting 1én. Pdng thoi két qua khao sat
cta xe khi di chuyén trén cung mot loai
duong nhung vén tbc clia xe tang 1én thi
dich chuyén va gia toc cua xe ting lén,
khi xe chuyén dong cing van toc nhung
trén dudng co chat luong xdu hon thi gia
téc va dich chuyén than xe ciing tang 1én.
Dé c6 thé co thém cac khang dinh chinh
xac anh huong cua hé thong treo dén cac
chi tidu dénh gia dao dong va on dinh 6
t6 nghién ctru can c6 thém cac khao sat
vé anh huong cua hé sd can giam chan.
Ngoai ra can danh gia anh huong cua do
cmg dén va hé sb can giam chan dén tai
trong dong tac dong 1én 0 to.
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