KHOA HOC CONG NGHE

S6 07/2021

banh gia dé ém diu tai tirng vi tri ghé ngoi
ctia 0 td khach vai kich dong ngau nhién

m TS. DANG VIET HA
Cucbang kiém Viét Nam

TOM TAT: B ém diu la théng s6 quan trong danh
gia chat luvgng va tinh tién nghi cia 6 t6 khach. Bo
ém diu phu thudc vao diéu kién van hanh cta xe nhw
van téc, loai dwérng va can dwoc danh gia tai mai vi tri
ghé ngbi. Bai bdo nghién c*ru danh gia dé ém diu tai
méi vi tri gh& ngdi cla 6 td6 khach theo tiéu chi gia téc
binh phuwong trung binh (arms) va lwong dao dong t6i
han (evVDV) dué¢i anh hwdng clia van tdéc xe. M6 hinh
phéng 14 bac ty do v&i dwérng ngau nhién loai ¢ duoc
str dung dé khao sat. Két qua nghién clru cho thay,
@ van toc 20 km/h hang ghé th 4 ém diu nhat va
khi van téc tang, vj tri @m diu nhat thudc vé cac hang
ghé thtr 5, 6, 7.

TU KHOA: BP0 ém diu, 6 td khach, vi tri gh& ngdi.

ABSTRACT: Ride comfort is an important
specification to evaluating the quality and comfort of
bus. Ride comfort depends on operating conditions
of vehicle such as velocity and road surfaces, and it
should be assessed at each seating position. This
research paper evaluates the ride comfort on each
seating position of bus according to the root mean
square acceleration (arms) and estimated vibration
dose value (eVDV) under the effect of vehicle velocity.
A half model with 14 degrees of freedom with random
road type c is used for the survey. Research results
show that the 4th row seating positions are the
most comfortable at 20 km/h and when the velocity
increases, the most comfortable position belongs to
the 5th, 6th, 7th row seats.
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I.DATVAN DBE

6 t6 khach 1a phuong tién chuyén ché hanh khach phd
bién & cu ly ngdn va trung binh véi s6 lvong hanh khach
théng thwdng tr 10 dén 47 ngudi. Pay la loai phuong tién
nadm trong k& hoach phat trién theo "Chién lwgc phat trién
nganh céng nghiép 6 t6 Viét Nam dén nam 2025, tdm nhin
dén nam 2035"[1], Hién nay, véi sy ho tro tir cac chinh sach
cta Chinh pha, 6 td khach duoc san xudt I1ap réap tai Viét Nam
chiém 92% thi phan xe khach duwa ra thi truong.

6 t6 khach la loai phvong tién ngoai yéu cau vé an toan
con phai dam bdao tinh tién nghi, trong dé dd ém diu la yéu
t6 quan trong. D6 ém diu bi anh hudng béi két cu va diéu

kién van hanh nhw van téc xe, loai duong [2,3]. Cac ghé ngoi
dugc 1p dat va phan bd theo chiéu dai va chiéu rdng cla
khoang khach (Hinh 1.1) nén dé ém diu tai tirng vi tri ghé
ngoi sé khac nhau. Do d6, khi danh gia dé ém diu cta 6 td6

Hinh 1.1: B6trigh&ngodi trong khoang khach

Trong qué trinh chuyén déng, dao dong clia 6 t6 hinh
thanh duéi kich déng ctia mat duong anh hwéng dén nguoi
ngoi, gay ra cac cdm giac thodi mai hay khé chiu. Mic do
anh hudng clia dao déng ddi v&i ngudi ngdi co thé chia ra
cdc nhém: &nh huwdng dén strc khde, sy thodi mai, dd6 cam
nhan, cdm giac chéng mat, budn nén [4]. V&i mbi nhom sé
c6 phuong phap va tiéu chi danh gia khac nhau. b6 ém diu
duwoc danh gia dya trén gia téc dao dong va thoi gian tac
dong. M6t s6 tiéu chuén danh gia ddo ém diu nhw 1SO 2631-
1:1997 [4], BS 6841:1987 [5].

Nghién ctru nay xay deng md hinh phing clta 6 td
khach v6i 14 bac tw do, hé théng treo sir dung nhip, kich
dong méit dwong dang ngau nhién, théng s6 dau vao la van
tdc xe thay déi. Két qua danh gia theo gia téc binh phuong
trung binh (ams) va lvong dao dong téi han (eVDV).

2. XAY DUNG MO HINH BONG Luwc HOC
2.1. M6 hinh phéng

M6 hinh duoc xay dung dwa trén phuong phap tach cau
trdc hé nhiéu vat va st dung phwong trinh Newton-Euler.

Hinh 2.1: cau tric ctia mod hinh dao dong 6 t6 khach
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Cau trdc ctia mo hinh duwoc mo td nhu Hinh 2.1. Hinh
2.1 mod ta cdu trac cda mod hinh phang, dé cling clia ghé
Cgi, hé s6 can clta ghé Kgi; vi tri cac hang ghé dugc xac
dinh thong qua kich thuéec lgi; ky hiéu mn, m, mAj 1a khai
lvong ctia nguoi ngodi, khdi lwvong dugc treo clia xe va khai
lvong khong duoc treo; c, K la dé clrng va hé sb can cula
hé thong treo; Clj la d6 clrng clia 16p. (i = 14-9 la th& ty cac
hang ghé, j = 1 truc truéc; j = 2 truc sau). Gia st cac ghé
ngdi c6 két cdu giéng nhau, khéi lwvong ngudi ngdi tai moi
ghé la nhuv nhau.

Hé phuong trinh dong luc hoc ctia 6 tdé khach nhuw sau [6]:

mnZni=FCgl+FKg.; 0=1-9) 1)

ra = FCl + FKL + FC2 + FK2 » <5 (FCgi + FKgi ) (2)
i=l

i > (Fa +FKI)+12(Fc2 +FK2 Hhw - he)F, (3)

Jy(p=[-<hc -r)(Fxl + Fx2) -(Mj+ M2) + £ (I0(FCp + FKp)) |

MAIlsai = FCL1 n FC1 » FK1 (4)

MA2">A2 = FCL2 ""FC2 _FK2
(5)
Trong d6: FCj, FKj, FCLj - Lwc dan héi, lwc cdn gidm chan
clla hé théng tréo va lyc dan hdi cha 16p dugc xac dinh
nhuv sau:
(6)
)
Fe~cjh,-"™) (8)
F ,F -Lwcdan héi, lyc can gidam chan ctia ghé duoc
xac dinh nhuw sau:
Fn=Cs(zl-z,1) (9)
Fkp=Ky,(z,-z.) (10)
Chuyén vi clia san xe tai méi vi tri ghé dwoc xac dinh
nhuv sau:
z. =z +lg<p (11)
2.2. Ham kich dong
Kich dong ngau nhién dwoc xay dwng theo ISO
8608:2016 [7], st dung phuwong phap Sinusoidal [8,9],
chiéu cao h(x), dugc xac dinh theo céng thic:

h(x) =2 y2.Gd(n, ).An .cos(27tj.An.x + (pj) (12)
i=l
2.3. Phuong an khao sat
Nghién ctru nay khao sat véi cAc muirc van téc 20, 40,
60,80 km/h, trén dwdng ngau nhién loai c.
Vi tri ctia cac hang ghé duoc xac dinh thong qua gia

tri| nhw Bang 2.1:
Bang 2.1. Gia trilgl ctia cac hang ghé

Hang ghé Kich thuwéc lgi Gia tri (m)
1 3,480
2 2,325
3 93 1,570
4 o 0,815
5 95 0,060
6 196 - 0,695
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7 7 -1,450
8 %8 - 2,205
9 ‘99 - 3,045

3. TIEU CHI PANH GIA

Nghién ctru nay Iya chon tiéu chi danh gia dd ém diu
theo gia t6c binh phuwong trung binh (a ) va lwvong dao
doéng téi han (eVDV). Gia t6¢c binh phuong trung binh duoc
tinh theo coéng thic sau [4]:

Trong dé: z,(t) - Gia t6c trong s6 tan s6 theo thoi gian,
(m/s2);T-Thoi gian do, (s). Cac mirc dd ém diu theo ngudng
duoc cho trong Bang 3.1.

Bang 3.1. Mdc doé ém diu [4]

ans (Mm/sg) Mutrc dé ém diu
<0,315 Khéng kho chiu
0,315 4-0,63 Hoi khoé chiu
0,54-1,0 Khéa khé chiu
0,84-1,6 Kho chiu
1,25 4-2,5 Réat khoé chiu
>2 Cuc ky kho chiu

Lugng dao dong téi han dugc tinh theo cong thirc sau [4]:

eVvDV = 1.4an, T 4 (14)

Lvong dao dong téi han eVDV la gia tri dac trung

cho mic &nh huédng clia dao dong ddi véi ngudi ngdi, cod

tinh dén thoi gian tac déng (tich Ity dao ddng) [10], Trong

nghién clru nay, thoi gian tac dong dang dé khao sat laT =
8 h.Theo ISO 2631-1, mic gi¢i han ctia eVDV la 17.

4. KET QUA VA THAO LUAN
Khi thay d&i van téc véi cac mike 20, 40, 60, 80 km/h,
gia tri chia gia toc arms tai tirng vi tri gh€é ngdi nhu Bang 4.1
va dé thj Hinh 4.1.
Bang 4.1. Gia tdc ams clia cac hang ghé

20 km/h 40 km/h 60 km/h 80 km/h

Hang ghé ! 0,584 0,869 1,183 1,404
Hang ghé& 2 0,442 0,624 0,928 1,150
Hang ghé3 0,379 0,481 0,776 0,998
Hang ghé 4 0,354 0,367 0,645 0,864
Hang ghé 5 0,376 0,318 0,552 0,758
Hang ghé& 6 0,437 0,361 0,516 0,691
Hang ghé& 7 0,524 0,472 0,550 0,677
Hang ghé 8 0,626 0,615 0,641 0,718
Hang ghé& 9 0,750 0,790 0,787 0,817



Hinh 4.1: Gia t6c ams cla cac hang ghé
D6 thi Hinh 4.2 biéu dién gia t6c ams theo van téc va
vi tri cAc hang ghé, trong d6 cé biéu dién 2 mit phang gi6i
han la 0,315 m/s2 (mtc dd "Khéng khoé chiu™) va 1,25 m/s?
(mic do "Rat khoé chiu™).
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Hinh 4.2: Gia t6c ams cla cac hang ghétheo van tdc va vi tri
ghé'ngoi

Dwa trén cac két qua tai Bang 4.1, Hinh 4.1, Hinh 4.2 c6
thé thay ring, v&i van téc 20 km/h hang ghé 4 c6 gia téc
nhé nhat va hang ghé 9 cé gia téc lén nhat. Khi tang van
toc Ién cac mic 40, 60, 80 km/h, gia t6c I&n nhat thudc
vé hang ghé 1 (ghé lai) va gia t6c nhd nhét thudc vé cac
hang ghé 5, 6, 7. Trén Hinh 4.1 c6 thé thay véi dudng ngau
nhién loai c, tat ca cac ghé déu c6 gia toéc I6n hon 0,315
m/s2, tirc 1a khéng thé dat dwoc cdm giac hoan toan thoai
mai (khdng kho chiu), hang ghé | gay ra cdm giac "Rat kho
chiu” tai van téc 80 km/h (ams8 = 1,404 m/s2).

Gia tri cla eVDV tai tirng vi tri gh€ ngdi nhw Bang 4.2
va dé thi Hinh 4.3, db thi 3D biéu dién eVDV theo van téc va

vi tri gh& ngdéi nhu Hinh 4.4.
Bang 4.2. Gia tri eVDU cua cac hang ghé

20 km/h 40 km/h 60 km/h 80 km/h
Hang ghé 1 10,647 15,842 21,571 25,598
Hang ghé& 2 8,069 11,387 16,917 20,976
Hang ghé 3 6,916 8,765 14,147 18,210
Hang ghé' 4 6,464 6,692 11,766 15,763
Hang ghé 5 6,857 5,803 10,066 13,821
Hang ghé 6 7,970 6,590 9,414 12,605
Hang ghé 7 9,554 8,607 10,022 12,343
Hang ghé 8 11,416 11,208 11,694 13,086
Hang ghé& 9 13,673 14,403 14,348 14,906
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Hinh 4.3: Gia tri eVDV clia cac hang ghé
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Hinh 4.4: Gia tri eVDU clia cac hang ghé&theo van t6c va vi trighé
ngoi
Quy luat thay déi ciia eVDV theo cac mirc van téc va
vi tri ghé ngdi tvong tw nhu gia toc ams. Gia tri eVDV nhd
nhat theo cac mirc van toc 20, 40, 60, 80 km/h dat duoc &
cac vi tri ghé ngdi twong ng véi cac hang ghé 4, 5, 6, 7.
Vé&i mire gigi han clla eVDV la 17, hang ghé 1 tai van to6c 60
km/h, hang ghé 1, 2, 3 tai van téc 80 km/h cé gia tri eVDV
vuot ngudng. Theo ISO 2631-1, dé giam cac muic do kho
chiu, can gidm gia téc hodc gidm thoi gian tac dong. i
voi dwdng ngau nhién loai ¢, voi gia téc ams nhuw Bang 4.1,
thoi gian tac dong giam xudéng mic T = 1,55 h, cac gia tri
eVDV tai tat cd cac mic van toc tir 20 km/h dén 80 km/h
déu nam trong gidi han.

5. KET LUAN

Trong nghién cttu ndy, mdét mé hinh phang moét day
dugc xay dung dé khao sat dd ém diu tai tirng vi tri ghé
ngoi. Tieu chi danh gia theo gia téc binh phuwong trung
binh (arms) va lwvong dao déng t&i han (eVDV). Mot s6 két
qua chinh rat ra nhu sau:

- Viéc danh gia dd ém diu cta 6 t6 khach tai tirng vi tri
ghé& ngdi theo diéu kién van hanh 1a can thiét nhdm dam
bdo mic dd tién nghi ctia hanh khach di xe. Khi can danh
gid do ém diu duwdi anh hwéng cua dao déng tich Iy theo
thoi gian tac déng, lvong dao ddng t¢i han eVDV duoc st
dung lam tiéu chi danh gia bén canh tiéu chi gia t6c binh
phuong trung binh.

- K&t qua khao sat cho thay, véi van toéc cao 40, 60, 80
km/h hang ghé 1 (ghé lai) luén cé gia téc I&n nhat. Tai van
tdc 80 km/h, trén dwérng ngau nhién loai ¢, ams clia hang
ghé | da vuot ngudng gi¢i han "Rat khé chiu®. Vi tri ém diu
nhat thudc vé cac hang ghé 4, 5, 6, 7 twong rng v&i murc
van toc 20, 40, 60, 80 km/h.

- Khi danh gia bang tiéu chi eVDV voéi thdi gian tac
déng T = 8 h, hang ghé ! tai van téc 60 km/h va cac hang
ghé 1,2,3 tai van t6c 80 km/h cé gia tri eVDV vuot ngudng.
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C&n gidm thoi gian tac ddong nhdm dam bao dd ém diu cho
hanh khéch di xe.

- K&t qua nghién ciru 1am co s& b6 sung quy dinh cho
cac tiéu chuén, quy chuin vé an toan ky thuat cta o6 to.
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