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TOM TAT

Céc cong trinh nghién ciru dao dong trén mo hinh % 6 t6 dugc xdy dung bang phwong
phap Newton-Euler da dugc ing dung phd bién. Tuy nhién, trong nhiéu truong hop dao
dong 6 t0 bi anh huong boi cac thong sb két cdu hé théng treo nhu chiéu dai cac canh tay
don, phuong truyen luc ctia bd phan dan hoi va giam chan thi phu’ong phép Newton-Euler
dd bo qua. Dé xem xét danh g1a su anh hudng cua cac yeu to trén dén dao dong 6 t6, mod
hinh dao dong ¥ 6 t6 can thé hién duoc cac thong s6 két cau hé thong treo. Bai bao nay
d3 xay dung phuong trinh vi phan cho chuyén déng phing cua hé théng treo bang phuong
phap Lagrange II. Khao sat su anh hudng cia cac thong sé: d6 cao map moé mat duong,
gbc dat cua truc chura 10 xo va gidm chén, vi tri diém dat cta truc 16 xo trén don dan hudéng
va trén than xe, do cung 10 xo, hé sd can giam chan dén dao dong 6 to trong mit phang
ngang. Két qua nghién ciru kiém tra danh gia do tin cdy cia mo hinh ly thuyét.

Tir khéa: Hé théng treo ddc 1ap, treo hai don ngang, d ém diu, dao dong 6 t0, 10 xo,
giam chan.

ABSTRACT

Research works on the vibration of a quarter-car model developed by the Newton-
Euler method have been widely applied. However, in many cases, the vibration of the
car is affected by the structural parameters of the suspension system such as the length
of the lever arms, the direction of force transmission of the elastic element and shock
absorbers, which the Newton-Euler method has ignored. To consider and evaluate the
influence of the above factors on the vibration of the car, the Y-car vibration model needs
to describe the structural parameters of the suspension system. The article has developed
a differential equation for the plane motion of the suspension system using the Lagrange
1l method. The influence of the parameters such as the height of the bumpy road surface,
the angle of the spring and shock absorber shaft, the position of the spring shaft in the
suspension system, the spring stiffness, the damping coefficient on the vehicles vibration
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of in the horizontal plane is investigated. The test results evaluate the reliability of the

theoretical model.

Keywords:
vibration, spring, damping.

1. Pt van dé

Hién nay, viéc nng cao do ém diu va on
dinh chuyén dong 6 t6 1a mot trong nhing
dé tai nghién ctru hang dau, voi nhiéu cong
trinh n6i bat trong va ngoai nudc. M6 hinh
hoa hé thong treo 6 t6 bang cac mod hinh
nhu mé hinh khong gian, m6 hinh % va
mo hinh % 6 t6, nham khao sat va danh gia
muc do 6n dinh dao dong va do ém diu.
Pa s6 cadc mo hinh dong luc hoc duoc xay
dung dua trén phuong phap Newton-Euler,
no6i bat vai tinh don gian khi chi xem xét
yéu t6 khéi lwong dugc treo va khong duoc
treo, do 16n cua phr:in tr can nhét, dan hoi
va vi tri tdc dong cua ngoai luc, bo qua sy
anh huong cua két cau dong hoc.

Phuong phap Newton-Euler cé uu
diém 1a tinh truc quan, d& hiéu va ap dung,
ddng thoi tinh toan nhanh chéng, phu hop
cho cac bai toan dong luc hoc voi it bac
tu do nhu hé théng treo 0 t6. Tuy nhién,
phuong phap nay giam thiéu s6 phuong
trinh x4y dung cho mé hinh bang cach thiét
lap phuong trinh vi phan cho mo hinh dong
luc hoc theo phuong phdp D’Alembert.
Trong khi d6, phuong phép Lagrange II,
mot phuong phép c¢d dién, thiét 1ap phuong
trinh vi phan dong luc hoc dua trén céc
ngudn nang luong va thong sb két cdu hinh
hoc chuyén dong trong co hé nhiéu vat véi
nhiéu bac ty do, théng qua phuong phap
bdo toan nang lugng.

Mot s6 cong trinh nghién ciru tiéu biéu
bao gdbm: nghién ciru ctia Vit Hai Quan va
Trinh Duy Hung [1], xay dung mo hinh
dong luc hoc hé thong treo 6 t6 cho md
hinh khong gian (toan xe) bang phuong

Independent suspension, double-wishbone, vehicle comfort, vehicle

phédp Newton-Euler, tng dung thuat toan
didu khién LQR dé khao sat va danh gia
céc thong sé dao dong 6 t6 tdi uvu. Nguyén
binh Khiém va Hoang Manh Cuong [2]
tinh toan dao dong 6 t6 c6 xét dén phan tir
dan nhét cip phan s6 bang phuong phap
Newton-Euler, xdy dung phuong trinh vi
phan dong luc hoc vo1 mo hinh % 6 t0, tbi
wu cic phan tor dan hdi va can nhdt cip
phan sb. Vii Hai Quéan, Nguyén Anh Ngoc
va Nguyén Huy Truong [3] xdy dung md
hinh dong luc hoc Y 6 to, danh gia d6 on
dinh dao dong than xe bang phuorng phap
Newton-Euler va diéu khién t6i uu hé thong
treo bang thuat todan LQR va PID.

Bén canh do, mot sb cong trinh nghién
clru ngoai nudc dang chi y nhu Vargas
(2022) [4] da nghién ctru m6 hinh dong
luc hoc hé thdng treo doc 1ap dian hudng
2 don bang phuong phép tich ciu truc
Newton-Euler va phan tich dao dong 6 t6
qua phan mém mé phong Simulink. Zhou
va Ji (2008) [5] da st dung phuong phap
nang luong va phuong trinh Lagrange IT dé
xdy dung phuong trinh vi phan dong luc
hoc cho hé thdng treo, khao sat cac phuong
dao dong trong mat phiang doc, mat phing
ngang va chuyén dong quay vong.

Céc cong trinh trén da tap trung giai
quyét vin dé dao dong 6 t6 bang phuong
phap Newton-Euler véi cac thong sb dau
vao nhu khdi lugng, do 16n phan tir dan
hdi, can nhét cua hé théng treo va 16p
xe, cling nhu cac thong s két cdu chung
ctia xe nhu chiéu rong co s, 6 cao trong
tam xe, chiéu dai co so. Tuy nhlen chung
chua xét dén cac yéu t6 thong sb két ciu
ctia hé théng treo. Nghién ctru [5] di ung
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dung phuong phap nang lugng dé xay
dung phuong trinh vi phan dong luc hoc
bang phuong phap Lagrange II, nhung bo
qua cac thong s6 két cau cua hé thdng treo,
do d6 két qua twong tu nhu khi str dung
phuong phap Newton-Euler.

Véi muc tiéu tdi wu cac thong sé vé do
ém diu va 6n dinh dao dong ctia 6 to, nghién
ctru nay dinh hudng xay dung phuong trinh
vi phan dong luc hoc cua hé théng treo
bing phuong phap Lagrange II, cac yéu
t6 anh huong dén do 6n dinh than xe bao
gém khbi lwong, d6 16n phan tir dan hoi
va cac thong sb két cau cua hé thong treo.
Duya trén co sé 1y thuyét vé phuong phap
nang lugng va Lagrange II [6], bai bao s&
tién hanh nghién ctru va xay dung mé hinh
khao sat cho % 0 t0, c6 xem xét anh hudng
clia cac thong sd két cdu. Nghién ctru nay
xdy dung mé hinh khao sat bang phuong
phap Lagrange II cho h¢ thong treo doc 1ap
dan huéng 2 don.

Z

s A
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Hinh 1. Lugc @6 nguyén Iy hé théng treo déc lap loai
dan huéng 2 don
Cdc khdu 1,6 la loai khop bdc cao; cdc khédu 2,3,4,5,7
la loai khép bdc thip
2. Xay dung mo6 hinh dong luc hoc
hé thong treo doc 1ap din huéng 2 don

2.1. M hinh dong luc hoc hé thong
treo

Mo hinh dao dong 6 t6 v6i hé thong
treo doc 1ap dan hudng 2 dugc xdy dung
dura trén co so ly thuyét ciia cac cong trinh
nghién ctru [6] va [7] vé dong luc hoc co
hé nhiéu vét va mé hinh dong luc hoc 6 to.

Vs

Hinh 2. Mé hinh déng luc hoc téng qudt trén hé théng treo déc lap loai ddn huéng 2 don
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Bang 1. Ky hiéu va thong sé tham khdo

Ky A £ el Pon
hi¢u Thong so Gia tri vi do
m_ | Khéi luong dugc treo 2500 Kg
B | Chiéu rong co s 1,94 m
b, | chiéu rong co s& 0,97 m
k| Do cing 10 xo trude 125370 | N/m

¢ | Gia tri can giam chan trudc 6090 Ns/m
h, Chiéu cao trong tim xe 0,8 m
[ Chiéu dai thanh chira phan tir 10 xo va giam chan ban dau 0,18 m
[ | Chiéu dai don treo dudi 0,22 m
Khoang cach don treo duéi tir than xe dén diém b tri thanh
[ , N an o L Ar A e £ 0,18 m
" | chtra phan tr dan hoi va gidm chan
Khoang cach vi tri bd tri phan tir dan hoi va giam chan so
h g . 0,05 m
* | v6idon treo dudi
Khoang cach tir vi tri tiép xtic banh xe v6i mat dudng so véi
[ .2 1 e - 0,22 m
3 | diém dau mut don treo dudi
Khoang cach tir tdim chuyén dong than xe dén vi tri chuyén
/ R ) L. 0,7 m
BS 1 dong tay don dudi
Khoang cach tim chuyén dong than xe dén vi tri tac dung
h A o s s 3 _ea A 0,2 m
phan tir dan hoi va giam chan
h, Chiéu cao co s 1,85 m
@, | Goc bb tri vi tri phan tir dan hdi va phan tir gidm chin 165 Do
+ | PO cao tay don dudi dén mat dat 0,2 m
r, | Ban kinh 1p 0,3 m
Lién két cua co hé chuyén dong 6 trinh Lagrange loai 2 [6]:
e e g e o) o e
&t dung va lién ket Holonom. Céc khau d\og ) aq g g i

chuyén dong ciia co hé gom cac lién két
bac thép (bac 5) va bac cao (bac 4). Co
hé ¢6 3 bac ty do, cac chuyén vi theo 02
phuong Oy va Oz v&i mdt dai lugng gbe
xoay than xe (¢).

2.2. Xay dung phuwong trinh dong
lue hoc % 6 td v6i hé thong treo doc lap
loai din hwéng 2 don

Phuong trinh chuyén dong cua 6 to viét
theo toa dJ suy rong duoc lap tir phuong

TRUGONG BAIHOC SU PHAM KY THUAT VINH LONG

Trong d6: T, II, @ 1an luot 14 cac ham
dong nang, thé nang va hao tan cua co hé;
O, 1a lyc suy rong khong thé tuong tmg véi
toa do suy rong ¢, [6]

Xéc dinh dong nang T cua co hé:
2
T-= Z—’"k;k oT :%kavf %24502 )

H¢ toa d§ suy rong cua cac chuyén vi
trong co hé, voi:

11
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q,= s
g, =a (3)
q,=¢

Str dung céc toa do suy rong cho
phuong trinh ddng nang (2):

T :%ms (ysz +(lBs‘d‘COS(a))2)l

+%(Ja.d2+J§§2)

Thé cic phuong trinh (3), (4) vao
phuong trinh (2), ta dugc tong dong nang
cua co hé:

T :%ms (y2 +(lBs.d.cos(a))z)

+%(Ja.d2 +J.$7) &)

Thé nang I cua co hé dugc xac dinh
thong qua thé ndng cua than 6 t6 [6], [8] va
[9] duoc xac dinh nhu sau:

(1= Lk(y, -1y sn(a)-h -8

—m,.gl,sin(a)

V2 +(Issin(@)) +(hS) +(8:4)
H=%k =2y lsin(a)-2y.hs -2y.b¢
+21,sin () h +21,sin()b.g +2hb,S"

—m.gl,sin(a)

ISSN 2681 5-9945

Xac dinh dong nang hao tan @ cuia co hé:
CD=%C(}>S ~l.dcos(a)-hs b 4)

¥+l cos(oz))2 +(h.§')2 +(b2.§')2
=%c 2 lsareos(a) -2y hg -2yb¢
21, d cos(a)hg +21, 6 cos(a) b +2hb¢

—m,.gl,;.cos(a) (6)
Luc suy rong cua co h¢, bao g@)m cac
thanh phan lyc O ,0 va O,. duoc xdc
dinh theo cong thirc tinh luc suy rong tur
nguyén ly di chuyén kha di [6]:

0, =F zg—i:Fsin(goo)

0 - i_j = Fl.cos(g,) (7)
0A :

0, = g = F.[h.cos((oo)—b2 Sln(%)]

Trong d6: 54 - Cong di chuyén kha di;
5y - chuyén vi than xe theo phuong Oy;
da, 8 - chuyén vi than xe tuong ing goc
a,¢ , F -lyc kich dong co hé.

Tur phuong trinh (6), xac dinh gia tri dao

ham céc thong s va thay cac dai luong da

xac dinh dao ham T, I1, @ ctua phuong trinh
4), (5), (6) tuong Gng vao phuong trinh
tong quat (1), ta thu dugc h¢ phuong trinh vi

(5) phan dong luc hoc cua co hé:

(3, +¢(, Ly 6 cos(a)=hs =b,¢ )+ k(y, L, sin(a)—h —b,¢) = Fsin(p,)
J¢§+c(h2.§+(b2.§')2 — 9 h= b, +1,, doos(ar)h+ 1 cos(a)b, +2h.b2§)+
k(¢ +(B,4) =y h=pb, +lasin(a)h+l,sin(@)b,+2hbg ) = F.[ h.cos(p,)~b,sin(p,)]

= (s, +m (1y c0s(@))')=(y) os()sin(a) + ®)
c(d(lBs cos(@))’ = 1,y cos (@) +1, cos(ar) hd +1, cos(a)bzé)+ms.g.lBS.sin(a)-I—
k(al;.2sin(a)cos(a) = y.ly c0s(a) + 1y cos(@) hd +1, cos(a)b,S ) —m.gd, cos(a)
= Fl,.cos(p,)
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Tir phuong trinh tong quat xdy dung
cho hé théng treo bing phuong phéap
Lagrange II, thu dugc hé phuong trinh voi
cac da thuc bac hai 1a hé phuong trinh phi
tuyén. Didu nay cho thiy cac dai lugng va
bién s trong hé thong treo c6 mbi quan hé
phi tuyén, su thay ddi cua mot dai luong
hodc bién s s& anh huong dén cac dai
luong va bién s6 khac theo cach khong
tuyén tinh voi cac bién sb (v;a;¢), ngoai
ra h¢ phuong trinh bi anh hudng bdi cac
thong sb két ciu nhu (h;b,s0,m 51

5271
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2.3. Thong sé diu vio cho md hinh
khao sat

Mo hinh khao sat dugc su dung 1a mo
hinh /2 bén phai cta than xe, vi tri 1ai xe
vi nguoi lai c6 thoi gian chiu tdc dong
nhiéu nhit. Dé luc tac dong tir 10 xo di
qua trong tim xe thi chiéu cao cia 1o xo
theo phuong ngang phai ngang vdi chiéu
cao co s& hg ciia xe do d6 thay ddi thong
s6 khoang cach “h” tir diém dat tai tay don
du6i dén vi tri dat 1o xo h véi mip mo
dang bac z = 0,05m.

Bang 2. Cac thong sé dau vao khi khao sat truong hop bd tri 16 xo va giam chan
theo phuong ngang (Oy), phuong truyén luc di qua trong tdm than xe

Stt | Ky hiéu Théng s6 Giatri | Ponvi
1 9, Géc dit 16 xo ban dau 90 Do
5 h Khoang céch tam chuyép d@ng than xe dén vi tri 0 m
tac dung phan tr dan hoi va giam chan
3 k Do cung 10 xo trude 125370 N/m
4 c Gi4 tri can giam chan trude 6090 Ns/m

Va dé kiém tra sy phit hop ctia mo hinh
khao sat nham muc tiéu so sanh két qua
khao sat dao dong 6 t6 bang phuong phap
Lagrange qua phuong trinh (8) xdy dung
dugc vé6i két qua khao sat dao dong 6 to
trén mo hinh % 6 t6 thong qua hé phuong
trinh dwoc thiét 1ap theo phuong phap
Newton - Euler thuong dugc st dung khi
nghién ciru vé dao dong 6 to.

Bién dang mat duong 1a mot ham bac
c6 dang Hinh 3.

Y4
A

a .t

Hinh 3. Bién dang mdt dudng

V&i: z— chiéu cao bac; 1 — chiéu dai bac;
Tién hanh khao sat voi phuong trinh vi
phan (8).

3. Két quéa nghién ctru va thio ludn

2

7, (mfs) |
.. 2 ’

Ys(m/s) |I" -
. zs (rad/sz) Jos

'
15 | I

2

Gia te (m/s” )

-
Gia the géc (rad/s

05 |

Thisi gian (s)

Hinh 4. Dé thj gia téc than xe khi bé tri truc 16 xo ndm
ngang, luc tdc dung di qua trong tam xe
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2] — i, (mf)
15 . 2 1
-= Ys(mf) | <
o s (rad/sz)
ﬁ os é

Thoi gian ()

Hinh 5. Dé thj gia téc thén xe khi khdo sdt mé hinh
dao déng % 6 t6 bdng phuong trinh DLH 6 té xdy
dung theo phuong phdp Newton-Euler

Két qua khao sat dd thi Hinh 4. thé hién
cac gia tri gia toc cua than xe theo phuong
ngang (), phuong thing ding (z)vagia
tbc xoay cia than xe quanh truc Ox (&)
khi thay d6i mot s6 thong s6 két cau ctia hé
thdng treo doc 1ap dan hudng 2 don. Trong
truong hop khao sat nay, ta thay ring, khi
b6 tri 10 xo nam ngang di qua trong tim
than xe 1am cho gia toc xoay than xe (&)
va gia tdc theo phuong thang dung ( Z)co
gia tri rat nho, gén béng “0”, do d6 do ém
va dao dong theo phuong thang dung dap
{ng t6t, than xe 6n dinh khong bi lic ngang.
Tuy nhién, gia téc theo phuong ngang Oy
co glatrl y.=17>a,=0,7 (m/sz) kh1 SO
sanh két qua khao sat v6i tiéu chuan vé gia
toc ngang thi gia tri gia toc ngang thin xe
cao gip 2,4 1an so voi gia trj giéi han, diéu
nay s€ gdy ra nguy co trugt ngang, anh
huong dén kha ning mat 6n dinh huéng
chuyén dong theo phuong ngang. Xét vé
tan s6 dao dong ngang, khi quan sat trén do
thi ta thiy c6 khoang 6 dao dong véi bién
do6 tit dan dién ra trong 4 gidy dau cua do
thi nén ta dugc tan s6 f =6/4=1,5(Hz)
va con sb nay dung bang ngudng cho phép
d6i voi tan s ctia xe chd ngudi va dap ung
dugc d6 ém diu chuyén dong ngang 6 6.

Thong qua do thi Hinh 5. khi khao sat

14
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mo hinh dao dong Y 6 t6 bing phuong
trinh DLH 6 t6 x4y dung theo phuong
phap Newton-Euler, trong d6 goc dat
ctia 10 xo va giam chan duoc b tri theo
phuong thang dtng, ¢6 thé thdy rang phan
16n ngudn dao dong tir mat dudong truyén
truc tiép dén chuyén dong thang ding cia
than xe, v6i gia téc thang dung Z =2,25
m/s?, gid tri ndy cao hon 1,35 lan (hon
35%) so v&i phuong phdp mé hinh hoa
bang phuong trinh Lagrange II. Sy chénh
léch nay 1a do phuong phap Lagrange Il
cho phép phan tich chi tiét cac ngudn niang
luong chuyén dong cua than xe theo ting
chuyén dong riéng 1¢, dwa trén nguyén ly
co hoc. Khi ¢6 su thay d6i trong vi tri bd
tri cua phén tir dan hoi va giém chén, cac
thong so vé chuyen vi va chuyén dong cling
thay d6i theo. Pdng thoi, cic ngudn ning
luong dao dong duoc hap thu va phan tan
theo tirng phuong qua goc 1éch cua luc tac
dong, tuan thu chit chd cdc nguyén tic vat
ly, toan hoc va co hoc. Piéu nay lam sang
td nguyén ly bdo toan nang luong, theo
d6 ning luong khong tu sinh ra hay mat
di ma chuyén doi tir dang nay sang dang
khéc. Cu thé, nang luong duoc chuyén tur
phuong thing ding Oz sang phuong ngang
Oy va sinh ra mdt dai lugng déc trung cho
chuyén dong xoay ctia than xe quanh truc
Ox trong mat phing yOz (&), dac trung
cho goc xoay cua than xe.

4. Két luan

Bai bdo da ung dung phuong phap
Lagrange 11 dé xdy dung mo hinh dong
luc hoc than xe voi hé théng treo doc lap
dan hudng 2 don. Hé phuong trinh vi phan
phi tuyén (8) biéu dién mdi quan hé giira
tai trong, ngoai luc tdc dong bén ngoai va
cac chuyén vi cta than 6 t6, phu thudc vao
thong s6 két cdu cua hé théng treo va 6 to.
Pay 1a co s6 1y ludn quan trong dé danh gia
kha niang hoat dong cua co hé trong diéu
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kién thay d6i vi tri bd tri cac phan tir dan
hdi va giam chan.

Mo hinh duoc xay dung dua trén viéc
khao sat vi tri cac phan tir dan hdi va giam
chén, cling nhu cac thanh phan lyc sinh ra
trong qua trinh chuyén dong va cac yéu td
anh hudng dén d6 6n dinh dao dong. Két
qua khao sat cho thiy vi tri bd tri cac phan
tr ndy anh huong dang ké dén d6 ém diu
va 6n dinh dao dong cua 6 to trong mat
phang zOy. So v6i phuong phap Newton-
Euler, phuong phdp Lagrange II gitp
giam bién do gia téc dao dong khoang

ISSN 261 5-9945

35%, do khong bd qua cac phan tir két
cau hé thong treo.

Két qua nghién ctru bang phuong phap
Lagrange II nhét quan v6i hé phuong trinh
vi phan da thiét 1ap. Khi bd tri phan tir 10 xo
nam ngang va diém dat luc qua trong tAm
than xe, mo hinh da xac nhan tinh chinh
xac va tinh kha thi. Nang lugng khao sat
dugc chuyén hoa tir kich dong mit duong
theo phuong thang dimg Oz thanh dao
dong kich thich theo phuong ngang Oy, voi
gia tde cuc dai ¥, = 1,7 m/s? va cac gia tbc
cuc tiéu quanh diém can bang 0.
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