Co hoc — Co khi dong luc

NGHIEN CUU ANH HUONG CUA PIEU KIEN KHAI THAC
DPEN PQ EM DIU CUA HANH KHACH

Lé Xuan Long'", Nguyén Pirc Thuén'?

Tém tit: DY ém diu ciia hanh khdch la mot trong cdc chi tiéu quan trong trong
chat lwong xe khach. Pé phan tich anh huong cia diéu kién khai thac dén dé ém diu
cua hanh khach, mé hinh dong luc khong gian voi 9 bdc tw do (DOF) cua xe khach
e thiét ldp dé mé phong va danh gid anh hieong. Gia toc binh phwong trung binh
cua ghé hanh khach o giita xe va cuoi xe dwoc chon lam muc tiéu dé danh gia dya
theo tiéu chudn ISO 2631-1(1997). Phan mém Matlab/Simulink dwoc sir dung tinh
todn va mé phong. Anh huong cia cdc diéu kién khai thac nhw diéu kién mdt dwong,
vdn téc chuyén dong, va tdi trong ciia xe dén dg ém diu ciia ghé hanh khdch ¢ giita
va cudi xe lan lwot dwoc phan tich va danh gia trong bai bdo nay. Céc két qud
nghién cieu chi ra rang cdc diéu kién khai thic c¢é anh huong lén dén d¢ ém diu
hanh khdch. Pdc biét la dieu kién mdt dwong trwong hop 1 la rdt ém diu khi xe
chuyén dong trén mat dwong ISO cdp A véi van toc 80km/h va truong hop 2 la rdt
kho chiu khi xe chuyén dong trén mat duwong ISO ccfp C véi vin téc 80km/h.

Tuw khoa: Xe khach; Hé théng treo; Diéu kién hoat dong; Do ém diu chuyén dong.
1. PAT VAN PE

Céc diéu kién khai thac cta xe 1a mot trong cac yéu té quan trong anh hudng dén do é ém
diu chuyén dong, an toan chuyén dong ciing nhu d6 bén cia cac chi tlet clia xe. Mot sb
nghién ctru ciia mot sd tac gia lién quan nhu: phuong phap thiét ké tdi uu hé thong treo
duoc sir dung dé cai thién d6 ém diu, giam tac dong xau xuong mat dudng ciing nhu bb tri
khong gian hé thong treo [1], Nghién ctru phuong phap diéu khién hé théng treo nhim
nang cao d6 ém diu xe khach duogc trinh bay trong nghién ctru [2, 3], Phan tich anh hudng
ctia dao dong dén hanh khéch trén xe bus dugc trinh bay trong nghién ctru [4], Nghién ctru
dac tinh cac hé théng treo cabin dén do ém dju cta xe duoc trinh bay trong nghién ctru [5].
Nghién ctru anh huong cta diéu kién khai thac dén d6 ém dju cta hanh khach 1a mot trong
cac két qua quan trong 1am co so dé tim cac giai phap cai tao hé thong treo cho 6 t6 khach
nham nang cao d6 ém diu cia hanh khach ciing nhu giam céc tic dong xudng mat dudong
giao théng. Muc tiéu chinh ctia nghién ctru nay la danh gia anh huong cta diéu kién khai
thac dén d6 ém dju cua hanh khach, mot mo hinh ddng luc hoc khong gian véi 9 bac tu do
ctia 6 t6 khach dugc thiét 1ap dé mo phong va phén tich. Phan mém Matlab/Simulink duoc
sir dung dé mo phong dao dong cua xe dudi didu kién mip mé mat duong ngiu nhién theo
tiéu chun ISO 8086 [6]. Cac diéu kién khai thac cta xe lan lugt duoc xem xét va phan
tich, trén co s& chi s6 gia toc binh phuwong trung binh ctia ghé hanh khach & vi tri gitra va
cubi xe theo tiéu chuan ISO 2631-1(1997) [7].

2. MO HINH PONG LUC HQC CUA XE KHACH

Xe khach IK-301 voi cac hé théng treo khi dugce chon 1am dbi twong nghién ctru, mo
hinh d6ng luc hoc khong gian vé6i 9 bac tw do dugc phat trién trén tir mé hinh xe khach cua
Dragan Sekulic va cong su [3] dé phan tich anh hudng cua diéu kién khai thac dén d6 ém
cua hanh khach nhu hinh 1.

Trong do, K;; la d6 cing cua hé théng treo; Cjj 1a h¢ sO giam chén hé thong treo; Ky 1a
do6 cimg cua 16p; Cy 1a hé s6 giam chén cua 16p; m la khoi luong duogc treo cua xe khach;
m,; and my, 14 khéi luong khong duogc treo cua cAu trudc va ciu sau; a, b 1a khoang cach
tir trong tAm cuia xe dén cau trudc va sau, s, 1a khoang cach tir trong tdm cila xe dén hai vi
tri ghé khao sat; 1y, fi, ek 1a cac khoang cach; ¢, 0 va 0, 1a chuyén vi goc cua trong tam xe
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va ctia khdi lwong khong dugc treo; I, I 1d mo men quén tinh cua kh01 luong dugc treo va
khong dugc treo cua xe; q la map md mit duong; v 1a van tdc chuyén dong ciia xe

(i=1,2,3; k=1,2; n=1+6; j=trai, phai ).

Hinh 1. M6 hinh dong luc hoc khong gian cua xe khach IK-301.

Phuong trinh vi phan dao dong cia xe dugc xdy dung trén co so 1y thuyét hé nhidu vat
va nguyén ly D’alembert. Cac phuong trinh vi phan dao dong cua xe voi mo hinh nhu hinh

1 duoc biéu dien nhu sau:
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Trong do:
k, (b—=r)* k. (b+r)*
kZ: 2r(b2 ) + 3r(b2 ) (10)
c, (b—r)Y c.(b+r)
g — 2r(b2 ) + 3r(b2 ) (11)
Zoy =Z+8,0—5,0 ; 2, =z—S,p+5,0; z,, =z+ag0+619; z,=z+ap—el;
z,=z-bp—-e0;z, =z-bp+el;z, =z, +e0, ;z,, =z, —eﬂal ;
Zaar =201 €005 20 = 200 —€,0,05 Zog = 2y + 1005 Zaa = Za — 1015
Za2rd = ZaZ +>f20a2; Za2[d = Za2 _ﬁeaZ (12)

3. MAP MO MAT PUONG
Mip mé miat duong dong vai tro quan trong trong viéc phan tich danh gia d6 ém diu
cua hanh khach. Kich thich ngau nhién mét duong c6 thé bi€u dien bang qua trinh ngau
nhién. Map mé mét duong ngau nhién dya vao tiéu chuén quéc t€ ISO 8608[6] va mat do
pho dugc xac dinh theo cong thue dudi day:

sq(n):sq(no)(”]w (13)

Trong d6: n 13 tdn sé séng cua mat du0’ng, no 1a tin s6 mau, duoc liy bang 0. 1m
Sq(no) 1a mat do pho tai gi tri ny, ® 1a tin sd pho mat duong (0=2). Ham ngau nhién map
md mat dudng dugc gia dinh 1a qué trinh ngau nhién Gauss dugc tao ra thong qua phép

bién ddi ngich dao Fourier:
N
t)=21/2Sqinl. An cos(27mkt+¢l.) (14)
i=l1

V6i ¢; 1a pha ngiu nhién phan b tir 0-2x

Trong nghién ciru nay, ngau nhién mit duong dugc chon theo tiéu chuin ISO 8086[6], két
qua mo phong ngau nhién mat dudng ISO cap A, ISO cap B, ISO cap C duogc thé hién ¢ hinh 2
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Hinh 2. Mdp mé mdt dwong theo tiéu chuan ISO 8068.
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4. PHUONG PHAP PANH GIA MUC PQ EM DIU
CUA PHUONG TIEN GIAO THONG
Hién nay co nhiéu phuong phép dé dét}h gia do ém diu nhu su dung mién tan sd, mién
thoi gian,... Bai bao nay st dung tiéu chuan ISO 2631-1 (1997)[7], danh gia dao dong trén

co s6 phuong phdp xac dinh gia téc binh phuong trung binh (RMS), dugc xic dinh boi
bicu thirc sau:

a, = Hjawz (t)dt} (15)

Trong d6: a(t) gia toc 1a ham theo thoi gian, m/s*; T 1a thoi gian do, s
Bang phuong phap nay, gia téc binh phuong trung binh theo phwong dung, a,, dugc
tinh theo bi€u thirc (15). Cac gia tri a,, c6 the so sanh v6i bang 1 d€ chi ra cam gidc c6 thé
xdy ra doi véi hanh khach.
Bdng 1. Muc d6 ém diu lién quan dén nguong a,..

a,,/(m.s?) Mirc d9 ém diu
<0.315 Khong cam thay khé chiu
0.315+0.63 Hoi kho chiu
0.5+1.0 Kha khé chiu
08+1.6 Khoé chiu
125+2.5 Rét kho chiu
>2 Cuc ky kho6 chiu

5.MO PHONG VA PANH GIA KET QUA

Dé giai cac phuong trinh vi phan miéu ta tir phwong trinh (1)+ © dé danh gia anh
hudng cua diéu kién khai thac dén d6 ém diu cua hanh khach, phan mém Matbab/ Simulink
duoc st dung de mo phong va tinh toan vdi bo s6 liéu cua xe khach IK-301 [3] voi ngudn
kich thich la ngau nhién mat duong. Gia tc theo phuong thing ding ciia ghé hanh khach
& giita va cudi xe theo mién theo thoi gian khi xe chuyén dong trén mit duong I1SO cap B
v6i van tbe v=80km/h va xe ché diy sd lwong hang khach quy dinh ctia nha thiét ké dugc
thé hién trén hinh 3

2 T T T T 2
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Hinh 3. Gia toc theo phwong thang dimg ciia ghé hanh khdch khi xe chuyén dong
trén duong 1SO ccfp B, v=80km/h, xe cho du khach.

Tt hinh 3 ching ta c6 thé tinh gia tri gia toc blnh phuong trung b1nh cua ghé hanh
khach O gilra xe va cudi xe 1an luot 14 a,=0.6175 m.s™ va a,x=0.6865 m.s™ va gla tri nay
nam trong vung kha kho chiu cho hanh khach theo bang 1. Nhu chung ta da biét c6 nhiéu
yéu t6 anh huong dén do ém diu ciia hanh khach nhu céc thong sé hé thong treo, diéu kién
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khai thac... Trong nghién ciru ndy anh huong cua diéu kién khai thac lan lugt sé tiép tuc
phén tich va thdo luén ¢ cac muc sau.
5.1. Anh hwéng cia diéu kién mat dwong

pé phan tich anh hudéng cia mat duong dén d6 ém dju cua hanh khach, 3 loai mat
duong ISO cdp A, ISO cép B, ISO cip C dugc chon dé phan tich danh gia voi gia tri van
tdc duge chon dé moé phong va danh gia vai v=[30 50 70 90] km/h va cac diéu kién khac
khong thay doi. Anh hudng ciia van toc dén do ém diu cta hanh khach dugc thé hién boi
CAC gia tri 2y va aws2, duoc thé hién trén hinh 4. Tu Két qua thé hién & hinh 4 chi ra rang
mat duong chuyen blen xau cac gid tri ayg, aws tang diéu d6 dan dén do é ém diu cta hanh
khach chuyen bién x4u. Dic biét 1a khi xe chuyén dong trén mit dudng x4u thi 6 ém diu
bién x4u rit nhanh dé nang cao d6 ém diu hang khach ciing nhu an toan chuyén déng
nguoi diéu kién xe khach han ché tdc do cua xe.

. 5
|-+ v=30km/h == v=50knvh - v=70km/h =& v=90km/h| [+ v=30km/h =& v=50km/h == v=70km/h % v=90knv/

‘ ‘
% B c % B ¢

Loai mét duong ISO Loai m§1t duong ISO )
a) Gia tri a,s cia gh€ hanh khach ¢ gitta xe; b) Gia tri ay,, cia ghé hanh khach ¢ cudi xe.
Hinh 4. Anh huéng cia diéu kién mdt dwong dén do ém diu cia hanh khéch.
5.2. Anh hwéng ciia van toc chuyén dong
Dé danh gia anh huong cua van téc chuyén dong ciia xe dén d6 ém diu ciia hanh khach,
cac gia tri van toc - v=[30, 40, 50, 60, 70, 80, 90] km/h v6i ba loai mat duong ISO cap A,
ISO cép B, ISO cip C va cac diéu kién khac khong thay ddi. Anh huong cua vén toc cac
gia tri ays; va ays duoc thé hién trén hinh 5. Tt hinh 5 chung ta chi ra rang van tbe chuyen
dong cua xe tang, th1 cac gia tri ays, Bwsl tang cham khi xe chuyen dong tren cac loai mat
dudng tt va ting rat nhanh khi xe chuyén dong trén cac loai mit duong xau.
1.

15 : ‘ ‘ ‘ ‘ ~[SO A=-1S0B =10 C
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a) Gia tri a,s clia ghé hanh khach & giira xe; b) Gid tri ay ciia ghé hanh khach & cudi xe.
Hinh 5. Anh huong ciia vin toc dén dé ém diu ciia hanh khdch.

5.3. Anh huéng ciia tai trong dén d ém

Tai trong cua xe khong chi anh huong dén do bén cua céc chi tiét va cum chi tiég ma
con anh huong dén d6 ém diu chuyén dong cia xe. SO lugng hanh khach ng6i trén ghé lan
luot m=[15; 25; 35; 45, 55] voi kh(‘)i lugong rq(f)t hanh khéch la 65kg, khi xe chuyén dong
trén mat duong ISO cép A, ISO cap B, ISO cap C voi vén toc v=80km/h dé danh gia anh
huong cua tai trong dén d6 ém diu cua hanh khach. Anh hudng cua tai trong cua xe dén
VAC gia tri ays; va aysy duoc the hién trén hinh 6. Trén co s¢ hinh 6 chi ra rang khi tai trong
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tang thi d6 ém diu cua hanh khach dugc cai thién, tuy nhién khi tang 16n qua theo quy dinh
anh huong dén do bén va an toan chuyén dong cua xe. Khi xe chuyén dong véi van tdc
v=80km/h, so sdnh vé&i truong hop khi xe chd 15 hanh khach véi truong hop khi xe cho du
khach gia tri a,s giam lan luot 16,853%, 16,407%, 14,31%; gia tri a,s giam lan luot
15,93%, 15,23%, 15,46% tuong ung véi khi xe chuyén dong trén cac loai mit duong ISO
cap A, ISO céap B va ISO cép C.

1. T T
IS0 A-&-1SO B #-ISO C ~ISOA-=ISOB--ISOC

~ 1 ~ 1
o o
“’f Y'Q
K P
= z
L b B ) 4

15 % 3s I 55 {5 % 3 % 55
S6 hanh khach (nguoi) S6 hanh khach (nguoi) )
a) Gia tri a,s cua ghe hanh khach ¢ gitta xe; b) Gia tri a, cia ghé hanh khach & cudi xe.
Hinh 6. Anh huong cua tai trong dén aé ém diu ciia hanh khach.
6. KET LUAN

Trong nghién ctru nay, mét mo hinh dong lyc hoc ba chiéu 9 bac tu do cua xe IK-301
dugec mo phong va danh gia anh huong cua cac diéu kién khai thac dén d6 ém diu cia
hanh khach. Cac két qua chinh c6 thé riit ra nhu sau:

i) Céc diéu kién khai thac c6 anh huéng 16n dén d6 ém diu hanh khach. Dic biét 1a diéu
kién mit duong trudng hop 1 1a rat ém diu khi xe chuyén dong trén mat duong ISO cip A
v6i van toc 80km/h va truong hop 2 1a rat kho chiu khi xe chuyén dong trén mit duong
ISO cap C vé6i van toc 80km/h.

ii) Van tdc chuyén dong cla xe tang, thi cac gid trl ays1, aws tang cham khi xe chuyén
dong trén cac loai mat duong tot va ting rat nhanh khi xe chuyén dong trén cac loai mat
duong kém.

iii) Két qua chi ra rang so sanh voi truong hop khi xe ché 15 hanh khach véi truong
hop khi xe chd du khach gia tri a, giam lan luot 16,853%, 16,407%, 14,31%; gia tri ay,
giam lan lugt 15,93%, 15,23%, 15,46% tuong ung voi khi xe chuyén dong trén cac loai
mat duong ISO cép A, ISO cép B va ISO cép C.
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ABSTRACT

STUDY ON THE INFLUENCE OF OPERATING CONDITIONS
ON PASSENGERS COMFORT

The comfort of passengers is one of the important indicators in the quality of

bus. In order to analyze the influence of operating conditions on ride comfort of
passengers, a three-dimensional dynamic model of bus with 09 DOF (degree of
freedom) was established for simulation and analysis. The weighted R.M.S (root
mean square) acceleration responses of the vertical position seats in the middle of
the bus and passenger in the rear overhang according to 1SO 2631-1(1997) are
chosen as objective functions. Matlab/Simulink software to simulate and calculate
the objective functions. The influence of the different vehicle operating conditions
such as the road surface conditions, speeds, and loads on the ride comfort of
passengers are analyzed respectively in this paper. The study results show that the
operating conditions have a great impact on passenger comfort. Especially, road
conditions, case 1 is not uncomfortable when vehicle moves on road surface 1SO
level A at speed 80km/h and case 2 is uncomfortable when vehicle moves on road
surface 1SO level C at speed 80km/h

Keywords: Bus; Suspension system; Operating conditions; Ride comfort.
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