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Tom tat

Dao dong cua 0 to khach bj anh huong bdi cac
diéu kién véan hanh nhw van téc, logi dwong. Trong
Qué trinh chuyén déng, dao déng danh hieong dén
dwong, xe va nguwoi lai. Do ém dju dwoc sir dung
dé danh gia anh hwong cia dao dong dén nguoi
lai thong qua tiéu chi gia téc binh phwong trung
binh (arms). Bai b4o nay nghién ciu xdc dinh vdn
toc gidi han cua 6 to khach siz dung hé thong treo
khi nén theo tiéu chi dé ém dju trén co sé khao sat
md hinh khdng gian. Két qua nghién citu cho thdy
cam giac thodi mai chi dat duoc trong diéu kién
van hanh véi vdn téc khéng qué 55,4 km/h trén
dwong logi A hogc vén toc khong qua 13,7 km/h
trén dwong logi B; Véi vdn toc 1om hon 44 km/h
trén duwong logi D sé gay ra cam giac cuc ky kho
chiu cho nguoi lai.

Tir khéa: g ém diu, 8 td khéach, hé thong treo khi
nén, vdn toc gisi han.

Abstract

Vibrations of bus is affected by operating
conditions such as velocity and road surface.
During the motion, the vibration affects the road,
vehicle and driver. Ride comfort is used to
evaluate the effect of vibrations on driver through
the root mean square acceleration (arms). This
research paper determined the limit velocity of
bus used the air suspension according to the ride
comfort based on surveying the full model.
Research results show that ride comfort is only
achieved in operating conditions with the velocity
does not exceed 55.4 km/h on type A of random
road or not exceed 13.7 km/h on type B; when the
velocity exceed 44 km/h on type D, this causes
extremely uncomfortable feeling for the driver.

Keywords: Ride comfort, bus, air suspension,
limit velocity.

1. Pit van dé

Hé thdng treo khi nén duoc biét d¢én ¢ nhidu wu
diém trong viéc giam tai trong dong va nang cao do
ém diu [1]. Hién nay, tai thi truong Viét Nam hau hét
cac loai 0 t6 khach c& trung binh va c& 6n (34 dén 47
chd) déu da st dung hé théng treo khi nén (Hinh 1).
Diéu d6 cho thiy cac nha san xuét Iap rép 6 to khach
d3 quan tdm dén tinh tién nghi va d6 ém diju cua loai
phuong tién nay.

Hinh 1. Mdu é té khdch dién hinh

Trong quéa trinh chuyén dong, dao dong cua o to
anh huéng dén duong, ban than chiéc xe va ngudi
ngdi, duoc md ta trong mdi quan hé “dudng - xe -
ngudi”. Tai trong déng sinh ra trong qua trinh dao
dong anh huong dén duong, gay ra cac hu hong mat
duong. Mat khac phan luc banh xe tir duong tac dong
tro lai xe, anh huong dén do bén chi tiét cua xe va gay
ra hién tuong tach banh. Dao dong dugc hinh thanh
dudi kich dong cua mat duong tac dong dén than xe,
anh huong dén vi tri ngudi 1ai. Cam giac thoai mai hay
khé chiu cta ngudi 1ai dugce danh gia boi cac thong so
dic trung cua dao dong nhu gia tbc dao dong, thoi
gian tac dong.

O t6 khach 1a phuong tién ¢ yéu cau cao vé an
todn va phai dam bao tinh tién nghi, trong d6 d6 ém
diu 12 yéu t6 quan trong. Do ém diu bi anh huéng bai
yéu t6 két cdu cua hé thdng treo, 16p; yéu té cau tric
xe (khoang céch truc, vi trf trong tm xe,...) va didu
kién van hanh nhu: van téc xe, loai duong [2].

C6 nhiéu tiéu chi danh gia d6 ém diu c6 thé ké dén
nhu: Tan s6 dao dong riéng, gia tbc dao dong, hé s6
ém diu, lugng dao dong t6i han. Tan s6 dao dong riéng
chi phu thugc vao céc thdng sé két cau; céc tiéu chi
con lai ngoai phu thudc két cau con phu thuge didu
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kién van hanh nhu vén téc xe, loai duong. Hién nay,
d6 ém dju 1a tiéu chi dugc quy dinh trong cac tiéu
chuan quéc té nhur ISO 2631-1:1997 [3], BS 6841 [4].
Tai Viét Nam, d6 ém diju cta 6 t6 khach dugc danh gia
thong qua tiéu chi tan s dao dong riéng quy dinh tai
QCVN 09:2015/BGTVT [5] va céc tiéu chi cua tiéu
chudn TCVN 6964-1:2001 [6].

Dé o co so xac dinh van téc gidi han theo tiéu chi
d6 ém diu, mot md hinh khong gian 8 bac tu do duoc
xay dung dé khao sat, vai kich dong mat duong dang
ngau nhién. M6 hinh md phong bang Matlab-
Simulink. Trong nghién ciru nay, tiéu chi d6 ém diu
duogc danh gia tai vi tri nguoi lai.

2. Xay dwng mé hinh
2.1. Mé hinh dong luc hoc

M6 hinh khong gian cua 6 t6 khéch c6 cau tric
nhu Hinh 2.

(7=1:2)

(a) Trong mat phang doc

zl m, . (i=1:2)

C,z o Kg_‘a m

(b) Trong mat phing ngang
Hinh 2. M6 hinh khéng gian cia 0 td khach
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Trong Hinh 2, md ta cau tric caa md hinh khong
gian, c6 tinh dén két cdu cua ghé 14i thong qua d¢ cung
ctia ghé Cg, hé s can cuia ghé Kq. Vi tri ghé 1ai duoc
xac dinh thong qua kich thudc lg va wg. Ky hiéu mp,
mai la khdi luong ciia nguoi 1ai va khdi lugng khéng
duoc treo cua tryc trude, truc sau; Bjj 1a ballon khi nén
tai cac banh xe; Kjj 1a hé s6 can cua giam chan; Cujj 1a
d6 cing cua 16p (i=1 truc treéc; i=2 truc sau), (j=1
bén trai, j=2 bén phdi).

Cac phuong trinh dong luc hoc cua xe:

Mz, =Ry, +Fg (1)
mz=Z:(FClj +Rg +Ry +Fey) Ry —Fy @
J=

0= _Il(FC1j+FK1j)+|2(FC2j+FK2j)_(hW_hC)F\M< J ©)
= _(hC_r)(Fxlj+E(2j)_Mj_M2j+Ig(FCg+FKg)

=T R+ i) M)+

M =Rt —Ffu—Fa—Fe—Fe  ©

Trong dé: Fij, Fewij 12 luc can giam chan cua hé
thong treo va lyc dan hoi caa 16p, dugc xac dinh nhu
sau:

ij = Kij (E.q _Zij) (6)
E. - Cuy(h; —&;) khi hy—(§;—f")=0 @)
CLj 0 khi hij_(éj —ft)<0
2.2. M6 hinh h¢ thang treo khi nén

M6 hinh hé thng treo khi nén dugc xay dung st
dung md hinh GENSYS [7], [8] nhu Hinh 3 dé xac
dinh lyc lién két Fcij.

I Wi

_ E.tij

Hinh 3. M& hinh hé théng treo khi nén
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M6 hinh hé théng treo khi nén gdom 3 thanh phan:
Ballon khi nén, binh khi phu va duong ng dan khi.
Khi md hinh héa gom 3 thanh phan: Thanh phan dan
hdi (Cez, Cvz), thanh phan can (K.) va thanh phan quan
tinh (M). z;, &, wij 1a chuyén vi mat trén, mat dudi cua
ballon khi nén va chuyén vi ciia dong khi trong duong
ong.

- Phuong trinh xac dinh lyc lién két cua hé théng treo:

Ri =@ —P)A +C. (&) +C,(z; — W) (8)

- Phuong trinh dong lyc hoc dong khi trong 6ng:

B -
Mw; =C,, (z; _\Nij)_KzB‘Wij‘ sign(w;) )

- Po cung cua hé thong treo khi:

2
C = PAN . Cvz =C Voo (10)
€z 1 ez
Vio+Vo Vo
- Khéi lugng dong khi quy doi:

2
_ A Vo (11)
M""’*"(A) VotV

- Hé sb can quy ddi cua hé thng treo:

AV " (12)
Ky _Ks[ j
A Mo +Vo

Trong dé:

- Feij: Luc lién két cua hé thong treo khi nén theo
phuong thang dung, (N);

- Cez: D6 cling dan hoi ctia hé thdng treo khi nén, (N/m);

- Cvz: D6 cang nhot hé théng treo khi nén, (N/m);

- M: Khéi lwong dong khi quy déi, (kg);

- zij: Chuyén vi mat trén cuaa ballon khi nén, (m);

- Gije Chuyén vi mat dudi cua ballon khi nén, (m);

- wij: Chuyén vi dong khi trong duong éng, (m);

- po: Ap suit tuyét dbi ban dau cua ballon khi nén,
(N/m?);

- pa: Ap suit khi quyén, (N/m?):

- Ae: Dién tich hiéu dung cua ballon khi nén, (m?);

- Ay: Tiét dién trong cuia duong 6ng, (m?);

- Ip: Chiéu dai dwong dng, (m);

- Vo Thé tich ban dau cua ballon khi nén, (m?);

- Vio: Thé tich ban dau cua binh khi phy, (m®);

- n: Hé s6 doan nhiét, lay n = 1,4;

- p: Khdi lugng riéng khdng khi, (kg/m®);

- K5: Hé s6 can quy d6i ciia khi nén trong dwdng
ong (Ns/m).

SO DAC BIET (10-2021)

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

2.3. Ham kich dong

Kich dong ngau nhién dugc xay dung theo 1SO
8608:2016 [9], str dung phuong phap Sinusoidal [10],
[11]. Chiéu cao h(x), dugc xac dinh theo cong thirc:

h(x):2yiz.ed(ni).m.cos(zni.mxw) (13)

2.4. Cdac phwong dan khdo sat

Nghién ctru nay khao sat voi duong ngau nhién
loai A, B, C, D; xe chuyén dong déu véi van toc thay
ddi tr 10km/h dén 80km/h (ky hiéu 1a v10 dén v80)
véi bude nhay 5km/h.

3. Tiéu chi danh gia

Tiéu chi danh gia anh huong cia dao dong dén
ngudi 1a mot ham tich hop cua tan s kich dong, gia
toc va thoi gian tac dong cua dao dong. CAc tiéu chi
danh gia d6 ém diu gom [12]:

- Tan sb dao dong riéng;

- Hé s6 ém dju;

- Gia toc dao dong;

- Lugng dao dong (VDV);

- Lugng dao dong tai han (eVDV).

Tan sb dao dong riéng chi phu thudc vao céc thdng
s6 két cAu cua hé théng dao dong; cac tiéu chi nhu hé
s6 ém diu, VDV, eVDV déu lién quan dén gia téc dao
déng. Do @6, trong pham vi nghién ctu, bai bdo nay
chon gia tdc binh phwong trung binh (ams) lam tiéu
chi danh gi4 d6 ém diu. Gia tdc binh phuong trung
binh amms dugc tinh theo cdng thirc sau [3]:

_ 17 14
am—,/TIaw(t)dt (14)

Trong d6, aw(t) 1a gia tc trong s6 tan sb theo thoi
gian, tac dong dén nguoi 14i, (m/s?); T 1a thoi gian do, (s).
Cac mirc 6 ém diu theo ngudng duoc cho trong Bang 1.

Bdng 1. Mire d§ ém dju [3]

arms (M/s?) Murc do ém diu
<0,315 Khoéng kho chiu
0,315 +0,63 Hoi kho chiu
05+1,0 Kha kho chiu
08+1,6 Kho chiu
1,25+2,5 Rat kho chiu
>2 Cuc ky khé chiu

4. Két qua va thao luan

Bién dang duong ngau nhién theo 1SO 8608, thiét
lap theo cong thire (13) dwoc biéu dién trong dd thi
Hinh 4 véi cac loai duong A, B, C, D.
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2b0 400 600 8(50 1000
Hinh 4. Bién dang dwong ngdu nhién logi A dén D

Hinh 5 biéu dién gia to¢ ams (tai vi tri nguoi lai)
theo van téc trén cac loai dudng ngau nhién tir A dén
D. Két qua khao sat cho théy, khi ting van téc, gia tbc
arms tang; khi thay déi loai duong tir A dén D, gia toc
arms tang. DAc biét arms ting nhanh tir van téc 30km/h
tro 1én. Dua trén cac giéi han theo Bang 1, c6 thé phan
chia arms thanh 3 ving: Vung A “Khong khé chiu”,
ving C “Cyc kyp kho chiu”, ving B ¢6 nhiéu mirc do
ém diu tir “Hoi khé chiu” dén “Rat khé chiu”. Vi cac
dudng gidi han amsgh = 0,315M/s? Va armsgh = 2m/s?,
s& xac dinh dugc cac van toc gisi han cua xe trén tirng
loai duong. Cam giac thoai mai (mac khong kho chiu)
chi dat dugc trong diéu kién van hanh vai van téc
khong qué 55,4km/h trén duong loai A hodc van téc
khong qua 13,7km/h trén duong loai B; véi van toc
16n hon 44km/h trén duong loai D s€ gay ra cam giac
cuc ky khé chiu cho nguoi lai.

+*|SO A F

-1S0 B &
<> 3-is0C o
E 2 ~180 Dblﬂl han cuc ky khé chiu _,,-"""-- -
= s

44 B

40 5.0 60 70 80
v (km/h)

Hinh 5. Gia tdc ams theo vdn téc xe

Hinh 6 va Bang 2 12 gié tri gia tb¢ arms theo van toc
tir 10km/h dén 80km/h va loai dwong ngau nhién tir A
dén D. Dya trén cac giGi han tai Bang 1 s& xac dinh
Cé&c vung gidi han theo Bang 3a va 3b.

Bang 3a biéu din ving giéi han ams Vi cac mirc
d6 ém diu gdbm:

- Khong kho chiu: arms < 0,315m/s?;

- Hoi kho chiu: ams = 0,315 + 0,63 (m/s?);

- Khé chiu: arms = 0,8 + 1,6 (m/s?);

- Cuc ky kho chiu: ams > 2m/s?.

Bang 3b biéu di&n viing giGi han ams v&i cac mirc
d6 ém dju gom:
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- Kha khé chiu: arms = 0,5 + 1,0 (m/s?);

- Rat kho chiu: ams = 1,25 + 2,5 (m/s?).

Cac két qua nghién ctru nay c6 thé khuyén céo cho
ngudi l4i diéu chinh van toc xe pht hop vai loai duong
dé c6 cam giac ém dju; hodc 1am co so ban hanh cac
quy dinh vé thoi gian lai xe, gigi han téc do cho xe
khach véi cac loai duong khac nhau.

5. Két luan

4 -
w’; 3
E
£
o ! >
0 D
80 o o . o
v (km/h) 10 A Loai dwong

Hinh 6. Gia tdc ams theo vdn tac va logi dwong

Bdng 2. Gia tri ams theo vdn téc va logi duwong

A B C D
v10 0,092 0,184 0,365 0,721
v15 0,172 0,344 0,693 1,311
v20 0,190 0,374 0,731 1,382
v25 0,184 0,362 0,705 1,368
v30 0,193 0,376 0,756 1,452
v35 0,214 0,419 0,824 1,663
v40 0,238 0,471 0,933 1,856
v45 0,264 0,528 1,022 2,015
v50 0,292 0,576 1,134 2,184
vb5 0,313 0,620 1,209 2,392
v60 0,332 0,662 1,304 2,484
v65 0,357 0,693 1,382 2,617
v70 0,373 0,727 1,457 2,762
V75 0,391 0,759 1,480 2,911
v80 0,410 0,785 1,569 3,026
Bdng 3a. VUng gidi han ams theo tiéu chi dg ém dju
A B C D

vi0

vls

v20 Khé chiu

wy (0,8+1,6)

Khéng

v30 | Khé chju

V35 | (<0315)

v40

vid5

v50

V55 Khé chiu | Cweky

v60 (0,8<1,6) |~khé chju

(>2)

v65

v70

v75

v80
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Bdng 3b. VUng gidi han ams theo tiéu chi dg ém dju

A B C D
v10
vl5
v20
V25 ¥eha
khd chiu
v30 (0,5<1,0) .
Rat
v35 kho chiu
vd0 (1,25+2,5)
v45
v50
v55
kho-chiu
v65 (0,5+1,0) RAt
v70 khé chiu
(1,25+2,5)
v75
v80

Dao dong cua 6 td mot mat anh huong dén duong,
d6 bén chi tiét cua xe, mat khac anh huong dén ngudi
ngdi, gay ra cc cam giac mét moi. Bdi vai 6 to khach,
viéc xac dinh van téc gidi han theo loai duong 1 can
thiét, dé dam bao d6 ém dju.

Két qua md phong chi ra rang cam giac thoai mai
(muc khong khé chiu) chi dat duoc trong diéu kién
van hanh vai van téc khong qua 55,4km/h trén duong
loai A hoic van tc khéng qua 13,7km/h trén duong
loai B; véi van toc 16n hon 44km/h trén duong loai D
s& gay ra cam giéac cuc ky khé chiu cho nguoi l4i. Cac
truong hop con lai gay ra cam giac khac nhau tir hoi
khé chiu dén rét khé chiu.

Két qua nghién ciru nay lam co sé khoa hoc cho
viéc ban hanh quy dinh vé thoi gian 14i xe, gigi han
téc d6 cho xe khach véi céc loai duong khéc nhau.

Céc két qua khao sat nay lam co so hoan thién
danh gia cic yéu té anh huong dén do ém diu, bén
canh yéu t6 két cdu con c6 diéu kién van hanh.
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