KHOA HOC CONG NGHE

56 04/2021

Nghién ctru danh gid hé théng treo than thién véi dudng

= TS. DANG VIET HA
Cuc Béng kiém Viét Nam

TOM TAT: Hé théng treo rén xe 6 16 1a phan 1 lién
két gitra than xe va truc xe, ngoai nhiém vu dam bdo
d6 ém diu chuyén déng con phai dap Ung yéu cau
vé tinh than thién véi duong. Dé danh giad hé théng
treo than thién véi duong cé thé thuc hién bang thuc
nghiém hoac mé phéng trén mé hinh. Bai bao gidi
thiéu phuong phap danh gia hé théng treo than thién
véi dudng theo Tiéu chudn VSB 11 clia Australia bang
mé hinh Iy thuyét. TAn sé dao déng va hé sé dap tat
dao déng duoc s dung lam chi tiéu danh gid. Két
qua nghién ctu cé thé s dung dé lua chon két cau
hé thdng treo phu hop.

TU KHOA: Hé théng treo than thién véi dudng, tan
sé dao doéng, hé sé dap tit dao déng, Tiéu chuan
VSB 11

ABSTRACT: The suspension system is the
connecting element between the body and axle, in
addifion to ensuring ride comfort, it must also meet
the requirements of road friendliness. To evaluate the
road-friendly suspension can be done experimentally
or simulated on a model. This paper introduces
evaluation method for road-friendly suspension by
theoretical model acording fo the standard VSB 11 of
Autralia. The oscillation frequency and the damping
ratio were used as the evaluation criteria. The
research results can be used to select the appropriate
suspension structure.

KEYWORDS: Road-friendly suspension, oscillation
frequency, damping ratio, VSB 11 standard.

1.DAT VAN BE

Hé théng treo la phan ti lién két gitia than xe va truc
xe ¢6 vai trd quan trong trong viéc tao ém diu chuyén dong.
Véi méi kich dong ciia mat dudng thong qua hé théng treo
sé tac dong dén than xe. Mat khac, tai trong tinh clia xe va tai
trong déng sinh ra trong qué trinh chuyén déng sé tac dong
xudng mat dudng dudi anh hudng clia hé théng treo. Do do6,
khi nghién ctiu vé hé théng treo can phan tich ca hai mat: tac
déng dén xe va tac dong dén dudng, tic la can dat trong méi
quan hé dudng - xe [1].

Hé thong treo théng thudng sé gém phan ti dan hoi (16
x0, nhip, khi nén, thanh xoan), phan t& gidm chan (giam chan
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thay luc) va phan ti dan hudng [2,3]. Nhiém vu cla hé théng
treo la tao ra dao dong khi gap kich déng tU mat duong va
dap tat dao dong do, tic la tao ra dao déng tat dan, lam ém
diu chuyén déng. Nhung ciing chinh dao déng nay sinh ra
tai trong dong tac dong dén dudng, la nguyén nhan gay ra
cac hu hong dudng [4]. Déi vai hé théng treo, ngoai tiéu chi
danh gia lién quan dén d6 ém diu chuyén dong thi tiéu chi
than thién véi dudng cling rat quan trong. Do d6, ngay nay
trén xe c6 xu hudng chuyén déi sang st dung hé théng treo
khi nén déap ting dugc déng thaoi hai yéu cau, vira dam bao
dé ém diu, viia dap Ung yéu cau than thién véi dudng. Hé
théng treo khi nén duoc st dung phé bién trén cac loai xe tu
sO-mi ro-modc, xe tai dén xe khach (Hinh 1.1).

O

b) - Xe khach i c) - Xe tai
Hinh 1.1: Hé théng treo khi nén trén xe

DE danh gia hé théng treo than thién véi dudng c6 thé
thuc hién bang thuc nghiém bang cach tao ra mot kich dong
dot ngot va xac dinh tan sé dao déng riéng, hé sé dap tat dao
déng trén ca s& do chuyén vi clia khéi lugng dugc treo; hodc
xac dinh bang mé hinh bang cach mé phong lai phép thi
d6. Trén thé gidi, hé théng treo dugc danh gia muiic do than
thién véi dudng theo Tiéu chudn VSB 11 [5], Directive 96/53/
EC [6].Tai Viét Nam, viéc danh gia hé théng treo méi chi ding
lai & chi tiéu d& ém diu chuyén déng theo QCVN 09:2015/
BGTVT va QCVN 10:2015/BGTVT [7,8]. Chi tiéu danh gia hé
thong treo than thién véi dudng theo tan s6 dao dong va hé
5O dap tat dao dong (damping ratio).

Bai bdo gidi thiéu phuong phap va chi tiéu danh gia
hé théng treo than thién véi dudng theo Tiéu chuan VSB 11
bang mo6 hinh ly thuyét.

2. XAY DUNG MO HINH
2.1.Mé hinh 1/4



Mé hinh stt dung dé€ danh gia la mé hinh 1/4 st dung
hé théng treo khi nén nhu Hinh 2.1.

Mé hinh GENSYS

Hinh 2.1: Mé hinh 1/4 dung dé danh gia
M6 hinh cé khéi lugng dugc treo (m), khéi lugng
khong dugc treo (m ), hé théng treo gém phan tlr dan hoi
la ballon khi nén, giam chan c6 hé sé can (K), 16p c6 do
cling (C)) va kich déng mat dudng (h).
Phuong trinh dao déng cda khéi lugng dugc treo va
khéi lugng khéng dugc treo nhu sau [9]:
mi=F.+F, (1)

mé=-F.—F,+F, (2)
Trong do: F,, F, - Luc cdn gidm chén va luc dan héi cta
|6p dugc xac dinh nhu sau:

F, =K(E-2) 3)

[C,(h—E) khih—(E-f)=0
]“ khi h—(2—f')<0

1 (4)
F. - Luc lién két cta hé thong treo khi nén, dugc xac
dinh theo mo hinh GENSYS [10], [11]:
- Phuong trinh xac dinh luc lién két ctia hé théng treo:

Fo=(p,=p)A+C (z=&)+C (z—-w) (5)
- Phuang trinh dong luc hoc dong khi trong éng:
Mi=C _(z-w)-K,, !\‘vi"' sign(W) (6)
- D6 cling cla hé thong treo khi:
o _;?,,.{_JH _
VotV 7)
¢ o Ve
ey, ®
- Khéi lugng dong khi quy déi:
p R
(4 v
M=1,A,p| Ze—=r
“’”L¢KM+KJ )
- Hé s6 can quy d8i clia hé théng treo:
. 1443 ('I 0)
KzfizK\[i , ["0 ]
/I,- lv'.'-o + V.a 0

Trong do:

- F_- Lién két cGia hé thong treo khi nén theo phuong
thdng dung, (N);

- C_, - D6 ciing dan hoi cla hé théng treo khi nén
(N/m);

-C,,- Do cliing nhét ctia hé théng treo khi nén (N/m);

- M - Khéi lugng dong khi quy déi (kg);

- z- Chuyén vi mat trén cda ballon khi nén (m);

- & - Chuyén vi mat dudi cta ballon khi nén (m);

- w - Chuyén vj cia dong khi trong dudng 6ng (m);
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-p, - Ap suét tuyét d6i ban dau clia ballon khi nén (N/m2);

- p, - Ap suét khi quyén (N/m?);

- A, - Dién tich hiéu dung cla ballon khi nén (m?);

-A_-Tiét dién trong cda dudng 6ng (m?);

-| - Chiéu dai dudng éng ndi ballon khi nén vai binh
khi phu (m);

-V,,, - Thé tich ban déu cta ballon khi nén (m?);

-V - Thé tich ban dau ctia binh khi phu (m?);

- n - Hé sé doan nhiét, Idy n = 1,4.

- p - Khéi lugng riéng khong khi (kg/m3);

-K, - Hé s can quy déi ctia khi nén trong dudng éng
(Ns/m).

2.2. Ham kich dong

Ham kich déng dugc xay dung trén co s& moé phong
lai kich déng theo phuong phap thir cda VSB 11. Ham kich
dong dugc mo ta nhu sau:

0,032t khit<18
h(t) =180 khil,8<t<3,576 (11)
0 khi t>3,576

Trong do6, h(t) 1a ham kich ddng médt duong (mm), t la

thai gian (s).

3. PHUONG PHAP VA CHi TIEU DANH GIA

3.1. Chi tiéu danh gia

Hé théng treo dugc coi la than thién véi dudng néu
dap Ung cac yéu cau sau:

*Yéu cdu vé ddc tinh:

-Tan s6 dao dong cla khéi lugng dugc treo (f) trong
dao déng theo phuong théng ding khéng dugc 16n han
2,0 Hz.

- Hé s6 dap tat dao déng trung binh (DM) phai I6n
hon 20% cta hé s6 can téi han (K ) ctia hé thong treo trong
diéu kién hoat dong binh thuong.

-Hé s6 dap tatdao déng (DR) ctia hé thong treo khong
dugc 16n hon 50% cuia (DM) véi tat ca cac giam chan thay
luc (néu dugc 1ap) da dugc thao ra hodc lam mat tac dung.

- Ty lé tdi trong tinh gilta cac truc trong cum truc phai
nam trong khoang 5%.

*Yéu cdu vé két cdu:

- Phai lap 16p kép trén tat ca cac truc.

Tan s6 (f) dugc xac dinh theo cong thic (12), DM va
DR dugc xac dinh theo cong thic (13) trong muc 3.2.

3.2. Phuong phap thuc hién

DE& danh gia muc d6 than thién véi dudng can tao ra
mot kich dong dot ngot. Theo quy dinh cda VSB 11, kich
doéng nay dugc tao ra bang mét trong cac cach sau:

- Cho xe chay véi téc d6 thap (5 km/h + 1 km/h) qua mét
bac cao 80 mm co kich thudc nhu Hinh 3.1. Xac dinh tan s6 va
kha nang dap tat dao dong sau khi banh xe rdi bac;

- Nén khung xe xuéng sao cho tai trong cda truc bang
1,5 lan tai trong tinh 16n nhat. Sau dé nha dét ngot va phan
tich dao dong tiép theo;

- Kéo khung xe |én sao cho khéi lugng dugc treo dugc
nang Ién 80 mm so v&i truc. Chiéc xe dang dugc giti, bi tha
roi dot ngét va phan tich dao déng tiép theo;

- SUr dung phuong phap khac da dugc nha san xuat
ching minh tuong duong.
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Bai bao lya chon phuong phap thuc hién theo phuong
an 1, cho xe di qua mét bac cao 80 mm.

Hinh 3.1: Mé t3 phuong phap thd

Tan s6 dao déng riéng va hé s6 dap tat dao dong duac
xac dinh nhu sau:

Trong qué trinh dao déng, chuyén vitheo phuong thang
ding clia clia khéi lugng dugc treo sé theo mét dudng hinh
sin tat dan nhu Hinh 3.2. Tan s6 c6 thé dugc tinh bang cach
do thai gian ctia méi chu ky dao déng c6 thé quan sat dugc
(T).Tan s6 dao déng tinh theo cong thiic (12).

80
60 |
B —
E 20 I| I.TT Az~
= 0| N ————————
I 5./»*11/
-40 I w
-60 =
0 1 4 5 6

2 1(s) 3

Hinh 3.2: Phuong phap xac dinh tan s6'va hé s6 dap tit dao déng
.1

I=7 (12)

Hé s6 dap tat dao déng co thé dugc tinh bang cach

do d6 cao cla cac cuc dai lién tiép cta dao dong clng

phuong. Néu bién dé cuc dai ctia chu ky thr nhat va chu

ky thit hai clia dao dong la (A)) va (A)) thi hé sé dap tat dao
dong (D) dugc tinh theo céna thic sau:

p=K_ Ly (13)
K, 27 A4,
K,=2Cm (14)

Trong dé: )

- DM - Hé s6 dap tat dao déng;

- DR - Hé s6 dap tat dao dong khi thao rdi tat ca cac
giam chan hodc lam mat tac dung;

- K- Hé s6 can giam chan (Ns/m);

- K, - Hé s6 can téi han (Ns/m);

- C- D6 cling téng cong tinh tir mat dudng dén khai
lugng dugc treo, (N/m);

- m - Khéi lugng dugc treo, (kg);

- A, - Bién do I6n nhat ctia chu ky dao dong dau tién, (m);

-A,-Bién do¢ lon nhat ctia chu ky dao dong thit hai, (m);

-T-Chu ky dao dong, (s);

- f-Tan s6 dao dong, (Hz).

Théng s6 moé hinh st dung dé khao sat dugc cho
trong Bdng 3.1.
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Bang 3.1. Théng s khdo sat

Théng sé Ky hiéu Gia tri
Khéi lugng dugc treo m (kg) 3535
Khéi lugng khéng dugc treo m, (kg) 375
Do cling clia hé thong treo khi | C_+C, (N/m) 220.840
nén
Hé s6 can ctia hé théng treo khi K,g (Ns/m) 12.149
nén
Hé s6 can gidm chan K (Ns/m) 13.320
DO cling clia I6p kép C_ (N/m) 1.960.000

4. KET QUA VA THAO LUAN
D6 thi biéu dién ham kich dong mat dudng nhu Hinh 4.1.
100
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Hinh 4.1: Ham kich déng mat duong
TU thong s6 khao sat theo Bdng 3.1, mé hinh da xay
dung trong muc 2, két qua dua ra dé thi biéu dién chuyén
vi clia khéi lugng dugc treo va khéi lugng khong dugc treo
nhu Hinh 4.2 va 4.3. Xac dinh hé s6 dap tat dao dong va tan
s6 dao dong theo phuang phéap néu tai muc 3.2.

100
DM= 0,226 DR= 0,105

fm‘ = 0,655 Hz I'lR =0,710 Hz

Khiing gidm chén
s
Cé gidm chén

0 2 4 t(s) 6 8 10

Hinh 4.2: Chuyén vi cia khéi Iuong duoc treo
100

P f00 = 11905 Hz T, = 9,524 Hz
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t(s)
Hinh 4.3: Chuyén vi cda khéi long khéng duoc treo

Két qua tinh toan tan s6 cla khéi lugng dugc treo,

khoi lugng khéng dugc treo va hé sé dap tat dao dong

nhu Bdng 4.1.
B3ang 4.1. Két qué tinh toan

Théng sé C6 gidm chan Khéng giam chan
Hé s6 dap tat dao dong DM = 0,226 DR=0,105
Tan s6 dao dong cla khéi f,,=0655Hz f,=0710Hz
lugng dugc treo
Tan s6 dao dong cla khéi f,,=11,90 f,.=9,524 Hz
lugng khéng dugc treo Hz




Dua trén két qua tai d6 thi Hinh 4.2 va 4.3 c6 thé thay
rd6 kha nang dap tat dao dong clia hé théng treo. Trudng
hap khéng cé gidm chan, hé s6 dap tat dao déng giam (DR
= 0,105) so véi khi c6 gidm chdn (DM = 0,226). Trong khi
do, tan s6 dao ddng vai trudng hgp khéng cé gidm chan
tang Ién (f .= 0,710 Hz, f,|, = 0,655 Hz). Trudng hop khéng
c6 gidm chan, hé théng treo khi nén van c6 kha nang dap
tat dao déng do kha nang can ctia khi nén trong ducng
6ng, biéu hién qua théng s6 K¢ Chi tiéu dénh gid theo tan
s6 dao dong va hé s6 dap tat dao déng dua trén co s& viéc
tao dao déng va dap tat dao déng clia bd phan dan héi va
bd phan giam chan.

Can ctr theo két qua tai Bang 4.1 va d6i chiéu theo chi
tiéu danh gia tai muc 3.1 c6 thé thay rang, hé théng treo
vGi thong s6 co ban nhu Bdng 3.1 dap Ung hé théng treo
than thién véi duong:

-f  <20Hz

-DM > 20%K;

- DR < 50% DM.

K&t qua khao sat nay gop phan danh gia mot cach
toan dién vé hé théng treo theo khia canh than thién véi
dudng. Ngoai phuong phdp thuc nghiém, phuong phap
mé phong dugc thuc hién vai tham s6 hé théng treo thay
déi dé dang, phuc vu cho céng tac thiét ké xe, danh gia
chat lugng xe, linh kién hé théng treo.

Xéc dinh hé s6 dap tit dap dong co thé sirdung dé gian
ti€p xac dinh hé sé can giam chan bang thuc nghiém [12].

5. KET LUAN

Trong nghién cttu nay, mot mo hinh 1/4 hé théng treo
khi nén duoc xay dung dé thuc hién danh gia hé théng treo
than thién véi dudng theo tiéu chudn VSB 11, tuang ducng
Directive 96/53/EC. Chi tiéu danh gia theo tan sé va hé s6
dap tat dao déng. Mot s6 két qua chinh rat ra nhu sau:

- Danh gia hé théng treo than thién véi dudng, gop
phan hoan thién danh gia chat lugng cla hé théng treo
bén canh dé ém diu chuyén déng.

- Phuong phép danh gia bang mo hinh linh hoat hon
trong viéc thay d6i tham s6 két cdu hé théng treo, phuc
vu cho céng tac thiét ké xe va danh gia chat lugng xe, linh
kién hé thong treo.

- Két qua nghién ctu la co s& xay dung, b6 sung céc
quy dinh cho tiéu chudn, quy chuan cuta Viét Nam vé danh
gia hé théng treo than thién vai dusng.
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