NGHIEN CUU ANH HUONG CUA VAN TOC VA LOAI PUONG DEN bQ EM DIU
XE KHACH 16 CHO SU DUNG HE THONG TREO CO KHI

RESEARCH ON THE EFFECT OF SPEED AND ROAD TYPE ON THE RIDE SMOOTHNESS
OF 16-SEAT PASSENGER BUS USING MECHANICAL SUSPENSION SYSTEM

Nguyén Thanh Péng'?, Cao Hung Phi'

"Truonmg Pai hoc Su pham K thuat Vinh Long

aTéac gia lién hé: dongnt@vlute.edu.vn

Nhin bai (Received): 15/10/2023; Phin bién (Reviewed):23/10/2024; Chip nhin (Accepted):11/11/2024

TOM TAT

Dao dong cua 6 t6 noi chung va xe khach 16 ché néi riéng bi anh huong boi cac diéu kién

van hanh nhw vdn toc va logi dwong. Trong quda trinh chuyen dong, mat duong sé tao ra dao

dong tac dong den xe va hanh khach. Gia toc binh phwong trung binh (arms) dwoc s dung lam

tiéu chi de danh gia do ém diu khi xét den anh huwong cua dao dong déen hanh khach. Bé co co

so danh gia do ém diu va xdc dinh vdn toc gioi han trén cac logi duong, bai béo da xdy dung

va khao sat mo hinh dong luc hoc khong gian xe khach 16 cho swe dung hé thong treo co khi.

Keét qua nghién ciu cho thay, cam gidc thoai mai chi dat dwoc trong diéu kién van hanh trén

dwong loai B voi van toc khong qua 66km/h hoac trén dwong loai C voi van toc khong qua

16,7km/h; voi van toc [6n hon 47,3km/h trén duong loai E sé gay ra cam gidc cuc ky kho chiu;

trén duwong loai D va nhitng truong hop con lai gdy ra cam gidac khac nhau tie hoi kho chiu den

rat kho chiu.
Tir khéa: xe khdch 16 ché, dé ém diu, van toc gioi han, hé théng treo.
ABSTRACT

The vibration of cars in general and 16-seat passenger bus in particular is affected by
operating conditions such as velocity and road type. During the motion, the road surface will
create vibrations that affect the car and passengers. The mean square acceleration (arms) is
used as a criterion to evaluate the smoothness when considering the impact of vibrations on
passengers. In order to have a basis for evaluating the smoothness and determining the limit
velocity on different types of roads, the article has built and surveyed the spatial dynamics
model of 16-seat passenger bus using a mechanical suspension system. The research results
show that the feeling of comfort is only achieved under operating conditions on type B roads
with the velocity of no more than 66km/h or on type C roads with the velocity of no more than
16,7km/h; with the velocity greater than 47,3km/h on type E roads will cause an extremely
uncomfortable feeling; on type D roads and the remaining cases cause different feelings from
slightly uncomfortable to very uncomfortable.

Keywords: /6-seat passenger bus, smoothness, limit velocity, suspension.

1. GIOI THIEU

Hé thdng treo 13 phan tur lién két gitra than xe va truc xe, c6 anh hudng truc tiép dén do ém
diu va an toan chuyén dong, dac biét 1a khi 6 t6 di chuyén trén loai duong co chat lugng mat
duong x4u. V6i moi kich dong cuia mit duong thong qua hé thdng treo s& tac dong dén xe va
ngudi ngdi trong xe. Mit khéc, tai trong tinh ciia xe va tai trong dong sinh ra trong qua trinh
dao dong sé tac dong xubng mit dudng duoi anh huong cua hé théng treo [1]. Hé théng treo
khong tot s& gy ra luc dong tac dong xubng nén duong gy pha huy mat duong, dong thoi
phan lyc banh xe tir dudng tac dong trd lai xe anh huong dén do6 ém diu, tudi tho cac chi tiét
ctia xe va gdy ra hién tuong tach banh. Do d6 khi nghién ctu vé hé thong treo can phan tich ca
hai yéu t4: tac dong dén xe — ngudi va tac dong dén duong, tirc 13 can dit trong mdi quan hé
“duong — xe — nguoi” [2].
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Hé thdng treo  thong thuong s€ bao gém phan ttr dan hoi (10 xo, nhip, khi nén, thanh Xoan)
phan tir giam chan (giam chan thuy lyc) va phan tr dan huéng [3, 4]. Nhiém vu clia hé thong
treo 1a dap tat dao dong khi xe gap kich dong tir mip mo mit dudng (tao ra dao dong tit dan),
lam ém diu chuyén dong. Ddng thoi dao dong ciia 6 t6 ciing s& sinh ra tai trong dong tac dong
dén duong, 1a nguyén nhan gy ra hu hong duong [5].

Trén cac xe khach hién dai thuong sir dung hé théng treo c6 phan tir dan hoi thay d6i duoc
d6 cung (sur dung phan tir dan hoi khi nén). Ddi voi xe khach 16 chd, phan tir dan hoi dugc sir
dung van 13 phan tr kim loai vdi tinh ém diu chua cao, thuong xuyén gay cam giac mét moi
cho hanh khach va tai xé. Cam giac thoai mai hay kho chiu cua ngudi ng6i trong xe duge danh
gia boi cac thong sd dic trung cua dao dong nhu gia tdc dao dong, thoi gian tac dong. Xe khach
1a phuong tién c6 yéu cau cao vé an toan va phai dam bao tinh tién nghi, trong d6 d6 ém diu 1a
yeu to quan trong [6]. D6 ém diu bi anh huong boi yéu to két cau cua hé thong treo, 16p xe;
yéu t6 cau tric xe (khoang cach truc, vi tri trong tdm xe,...) va diéu kién van hanh nhu: van tbc
xe, loai duong [7].

C6 nhiéu tiéu chi dé danh gia d6 ém diu co thé ké dén nhu: Tan sé dao dong riéng, gia toc
dao dong, h¢ sé ém diu, luong dao dong téi han,... Tan s6 do dong riéng chi phu thude vao cac
thong so ke cAu; cac tiéu chi con lai ngoai phu thudc két cau con phu thudc diéu kién van hanh
nhu vén tdc xe, loai duong. Hién nay, d ém diu la tiéu chi dugc quy dinh trong cac tiéu chuén
qudc té nhu ISO 2631-1 [8], BS 6841 [9].

Dé cb co so Xac Qinh van tbc gi61 han theo ti€u chi do ém diu, ~m(”) hinh khong gian 7qbac tu
do dugc xay dung dé khao sat, voi kich dong mat duong dang ngau phién theo ti€u chuan ISO
8608:2016 [10]. Trong nghién ctru nay, md hinh dugc moé phong bang cong cu Simulink ctia
Matlab.

2.NQI DUNG

2.1. M hinh déng lwc hoc xe khach 16 chd

M6 hinh dong lyc hoc khong gian cua xe khach 16 chd dung dé khao sat d6 ém diu chuyén
dong c6 cau trac nhu Hinh 1.

Hinh 1. M6 hinh dong luc hoc xe khach 16 ché
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Trong Hinh 1, m - Khi luong duoc treo (kg); mu1, mua, mu3 - Khéi luong khong duogc treo
cau trudc trai, trudc phai, cdu sau (kg); Z - Chuyén vi ciia kh6i lugng dugce treo theo phuong z
(m); Zu1, Zu2, Zus - Chuyén vi cta khéi luong khong duoc treo cau trude trai, trudc phai, cAu
sau theo phuong z (m); Jx, J, - Mémen quan tinh cua khéi lugng dugc treo quanh truc x, truc y
(kg.m?); J, - Momen quan tinh cua khéi lwong khong duoc treo cau sau quanh truc x (kg. mz)
o, f - Goc quay cua kh01 lugng dugc treo quanh truc x, truc y (rad); g, - Goc quay cua khéi
luong khong dugc treo cau sau quanh truc x (rad); Cj - B cing phan ttr dan hoi ctia hé thong
treo (N/m); Kj; - Hé s6 can giam chan ciia hé thong treo (Ns/m); Cr;j - D6 ctng phan tir dan hoi
huéng kinh 16p xe (N/m); w - Khoang cach tir tAm xe dén banh xe trai hodc phai (m); b -
Khoang cach tir tam xe dén diém lién két hé thong treo trai hodc phai (m); /1, /2 - Khoang cach
tir tam xe dén tdm cau trude, cdu sau (m); %y, - Chidu cao map mo mit duong (m); 7, 2, 3, 4 -
Diém lién két cua khdi lugng duge treo voi hé thong treo; 5, 6, 7, 8 - Diém lién két cuia khdi
lugng khong duoc treo voi hé thdng treo; 9,10, 11, 12 - Diém lién két ctia khéi luong khong
duoc treo véi 10p xe; i = 1 cau trudc, i = 2 cau sau; j = 1 bén trai, j = 2 bén phai.

M5 hinh dugc xay dung dua trén phuong phép tach cau triic hé nhidu vat va sir dung phuong
trinh Newton-Euler dé mo ta dong luc hoc 6 t6 [2]. Voi gia thiét khi xay dung mé hinh 1a trén
xe chd ddy khach, coi map mé mat  duong la nguon kich thich dao dong duy nhét; bo qua hé sb
can giam chan ctia 16p. M6 hinh gém 7 béc tu do:

- Ba béc tu do mo ta chuyén dong cua khdi lugng dugce treo (Z, ¢, f).
- Hai bac tr do m6 ta khéi lwong khong duoc treo cau trude (Zui, Zun).
- Hai bac tu do m6 ta khéi lwong khong duoc treo cau sau (Zis, ¢u).
Hé phuong trinh dong luc hoc cua xe khach 16 chd nhu sau:

ML =Fe +Fepy+Fey+Fepy ¥+ Fopy + Fopy + Foy + Frp (1)
Jop=(Fo + Fop, = Fy = Foy )Wt (Fy + Foyy = Fiyy = Frpy ) b Q)
J,B==(Fgy + Fop + Fepy + Fopy )+ (Fyoy + Foyy + Fpy + Foyy )y (3)
M2, =—Fe, —Fe + Fyy, (4)
m,Z,=—F.,—F.,+F,, (5)
MyZ s =—Fy = Fry = Fryy = Fpy + Fryyy + Fy (6)
Jo P, = (_FKZI Feyy + Fy "'Fczz) b+ (Fepy = Fopp)w (7)

Trong d6: Fci - Luc dan hoi hé thng treo (N); Fxij - Luc can giam chan hé thong treo (N);
Fcrij - Luc dan hoi hudng kinh 16p xe (N).

Céc ndi lyc hé thdng treo Feyj, Fij1a luc gay chuyén dong thang dimg, lac doc va lic ngang
than xe. Trong nghién ctru nay, cac luc do 1a tuyén tinh trong mién lam viéc, dugc mo ta theo
cac ham sau:

- Luc dan hdi caa hé théng treo: FCU. = Cl.j (Zm.j - ZSl.j) (8)
- Lyc can giam chan ctia h¢ théng treo: F, i =K (Z i —Z'SU.) )
- Lyc dan hdi huéng kinh 16p xe: F,, =C,,.(h, - Z,,) (10)

Trong d6: Zyj - Chuyén vi cta khdi lugng dugce treo (m), Z,j - Chuyén vi cta khdi lugng
khong dugc treo (m).

Ung v6i cac diém lién két trén Hinh 1, ta c6 cac chuyén vi ciia cac diém nay theo phuong
z nhu sau:



Z =Z+ow-p1
Y f A 1A 1A Z,=Z-pw-pl

- Céc diém phia trén hé thong treo: (11)
Z,=Z—-@b+pl,

Z,=Z+@b+ Bl

Z7 = Zu3 - ¢u b
;4R , re 1A AL A ZSZZu3+¢u'b
- Céac diém phia dudi hé thong treo: (12)
le = Zu3 _(pu'w
Z,=Z,+p,w

2.2. Ham kich dfng

Kich dong ngiu nhién cua mit duong duogc xay dung theo tiéu chuan ISO 8608:2016 [10]
va dugc mo ta nhu Hinh 2 véi céc loai duong tir A dén F; chi€u cao A(x) dugc xac dinh theo
cong thirc sau:

h(x) = ZN:‘/2.Gd(ni).An.cos(Zﬂ.i.An.x+goi) (13)
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Hinh 2. Bién dang dwong ngau nhién theo ISO 8608:2016
2.3. Cac phwong an khao sat
_ Nghién ctru nay khao sat voi bién dang duong ngau nhién loai B, C, D, E; xe chuyén dong
déu véi van toc thay doi tir 10km/h dén 80km/h (ky hi¢u 1a v10 dén v80) v&i bude nhdy Skm/h.
2.4. Tiéu chi danh gia
D6 ém diu chuyén dong cua xe phu thudc vao cau tric xe, hé thong treo, lop xe, mat duong

va ky thudt lai xe. Cac tiéu chi danh gia d6 ém diu chuyen dong ctia xe gom: tan sb dao dong,
gia téc dao dong, gia téc binh phuong trung binh va hé sé ém diu [11].

Tan s dao dong riéng chi phu thugc vao thong s6 két cAu hé thong dao dong; cac tiéu chi
con lai ngoai phu thudc két cau con phu thude dleu kién van hanh nhu van tdc xe, loai duong.
Trong pham vi nghién ctru, bai bao chon gia téc binh phwong trung binh (@ms) 1am tiéu chi
danh gid d¢ ém diu. Gia téc binh phuong trung binh (a,xs) xac dinh theo cong thirc sau [8]:

a,, = / ja (t)dt (14)

Trong d6: aw(f) - gia toc thang ding theo thoi gian (m/s%); T - thoi gian khao sat (s).
Céac murc d6 ém diju str dung dé danh gia dugc cho trong Bang 1 [8]:
Bang 1. Bang danh gia do ém diu

Gia tri ams (m/s?) | Mirc do ém diu
<0,315 Khong kho chiu




0,315+ 0,63 Hoi kho chiu
0,5+1,0 Kha kho chiu
0,8+1,6 Kho chiu
1,25+2,5 Rét kho chiu
>2 Cuc ky kho chiu

2.5. Két qua nghién ciru va thio luin
Hinh 3 — Hinh 6 biéu dién gia tdc than xe tai vi tri trong tdm xe theo van tdc 1an luot trén
loai duong ngau nhién tu B dén E. K&t qua khao sat cho thay, gia toc than xe tang khi van toc
tang; gia toc than xe tang khi thay doi loai duong tir B dén E.
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Hinh 3. Gia téc thin xe trén bién dang dwong loai B
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Hinh 4. Gia téc thin xe trén bién dang dwong logi C
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Hinh 5. Gia téc than xe trén bién dang dwong logi D
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Hinh 6. Gia toc thén xe trén bién dang dwong logi E

Hinh 7 biéu dién gia tdC arms tai vi tri trong tam xe theo van tdc trén cac loai duodng ngau
nhién tir B dén E. Két qua khao sat cho thy, gia tdc ams ting khi van tdc ting; gia tdc ams ting
khi thay d6i loai duong tir B dén E. Dya trén cc gidi han tai Bang 1, c6 thé phan chia ams
thanh 3 vung: Vung 1 “Khong kho chiu”, vang 111 “Cuc ky kho chiu”, ving 11 c6 nhiéu mtrc do
ém dju tir “Hoi khé chiu” dén “Rat khé chiu”. Céc van toe gi61 han cua xe trén tung loai duong
duoc x4c dinh tir cac dudng gidi han amsen = 0,315m/s? VA @yms gn = 2m/s?. Cam gic thoai mai
(muc khong khoé chiu) chi dat dugc trong diéu kién van hanh trén duong loai B véi van tde
khong qua 66km/h hodc trén duong loai C vé6i véan toc khong qua 16,7km/h; voi van te 16n
hon 47,3km/h trén duong loai E s€ gay ra cam giac cuc ky kho chiu; trén duong loai D va
nhitng trudng hop con lai gdy ra cam giac khac nhau tir hoi kho chiu dén rat kho chiu.
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Hinh 7. Gia toc arms theo van toc xe
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Hinh 8 va Bang 2 14 gia tri gia tdc ams theo van toc xe tir 10km/h dén 80km/h va loai duong

ngau nhién tir B d&én E.

Bang 2. Gia tri arms theo van toc xe va loai dwong

B C D E
v10 | 0,120 | 0,233 | 0,485 | 0,992
vl5 | 0,153 | 0,296 | 0,631 | 1,272
v20 | 0,181 | 0,352 | 0,754 | 1,405
v25 | 0,217 | 0,439 | 0,865 | 1,505
v30 | 0,229 | 0,510 | 0,892 | 1,684
v35 | 0,231 | 0,542 | 0,908 | 1,819
v40 | 0,237 | 0,532 | 0,958 | 1,879
v45 | 0,256 | 0,559 | 0,975 | 1,931

6



v50 | 0,264 | 0,574 | 1,036 | 2,083
v55 | 0,294 | 0,597 | 1,160 | 2,437
v60 | 0,302 | 0,628 | 1,225 | 2,602
v65 | 0,313 | 0,687 | 1,286 | 2,744
v70 | 0,323 | 0,694 | 1,300 | 2,909
v75 | 0,332 | 0,691 | 1,309 | 3,004
v80 | 0,349 | 0,693 | 1,380 | 3,127
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Hinh 8. Gia t6¢ arms theo vén toc xe va logi duong
Dua trén cac gidi han tai Bang 1 s€ xac dinh cac vung gigi han theo Bang 3 [6].
Bang 3. Vung gioi han ams theo tiéu chi do ém diu

(a) (b)
B | ¢ D E B | ¢ D E
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Bang 3a biéu dién vung gi6i han @,ms v6i cac mirc d6 ém diu gom:
- Khong kho chiu: @ms < 0,315m/s?;

- Hoi kho chiu: @ms = 0,315 + 0,63m/s?;

- Kho chiu: @yms = 0,8 + 1,6m/s?;

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

Bang 3b biéu dién ving gidi han a,ms véi cac mirc d6 ém diu gdom:
- Kha khé chiu: ams = 0,5 + 1,0m/s?;

- Rét khé chiu: @ms = 1,25 + 2,5m/s>.



Dua vao két qua nghién ctru co thé khuyén cdo cho tai xé diéu chinh vén toc xe phu hop voi
timg loai duong dé c6 cam giac ém diu; hodc 1am co s ban hanh cac quy dinh vé gi6i han toc
dd cho xe khach 16 chd ung voi cac loai duong khac nhau.

3.KET LUAN

Kich dong tir mat duong s sinh ra dao dong cua 6 t6 va dao dong nay anh huong dén duong,
d6 bén chi tiét ciia xe, ddng thoi anh huong dén nguoi ngdi trén xe, gy ra cac cam giac mét
méi. B6i véi 6 td khach, viée xac dinh van tde gi61 han theo loai duong la can thiét nham dam
bao d6 ém diu.

Két qua nghién ctru da chi ra ré“lrng cam gidc thoal mai (mirc khong kho chiu) chi dat dugc
trong di€u kién van hanh véi van toc khéng quéa 66km/h trén duong loai B hoac van toc khong
qua 16,7km/h trén duong loai C; véi van toc 16n hon 47,3km/h trén duong loai E s€ gdy ra cam
giac cuc ky kho chiu; trén duong loai D va nhiing truong hop con lai gay ra cam giac khac
nhau tir hoi kho chiu dén rat kho chiu.

Két qua nghién clru co thé 1am co s¢ khoa hoc cho viéc ban hanh quy dinh vé gi6i han toc
do cho xe khéch 16 cho véi cac loai duong khac nhau.

Cac két qua khao sat nay lam co s¢ hoan thién danh gia cac yéu t6 anh huong dén do ém
diu, bén canh yéu t0 két cau con cé dicu kién van hanh.
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