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TOM TAT

Dao doéng ctia ghé ngdi nguai lai xe buyt dudi tac dung kich thich diéu hoa, mé hinh % xe 3DOF
(3 bac tu do) duac st dung, tinh todan mé phong dugc thuc hién bang 3 phuong phap. M6 hinh
toan hoc - phuong phap s6 st dung ngén ng 1ap trinh matlab (Numerical model), phuong phap
str dung m6 hinh déng luc hoc da vat thé (Multi Body Dynamics - MBD) bang céng cu matlab
Simmechanics (MBD model) va phuong phap mé hinh phan tir hitu han s& dung Ansys APDL (FEM
model). Diém manh va han ché clia mdi phuong phap dugc tap trung phan tich théng qua qué
trinh xay dung mo hinh, truy xuat di liéu két qua. Thong s6 khao sat bao gém dép Ung gia téc ghé
ngudi 18i, dap Ung chuyén vi tuong déi hé théng treo ghé va kha nang cach li dao dong clia hé
théng treo ghé theo hai trudng hop khao sat ctia tan sé tu nhién va ti [é gidm chan. Két qua tinh
todn tur ca 3 phuong phap khong cé su khéc biét va thong s6 khao sat phu hop theo cac nghién
clu vé dap Ung dao dong xe. Phuong phap Numerical model doi hdi ngudi dung phai thuc hién
viéc thiétlap mo hinh todn hoc phuc tap. Phuong phap MBD model stt dung Matlab Simmechanics
don gidn hon, dung cac khéi chic nang co sén, doi hoi phai khai bao dé thiét 1ap chinh xac vi tri
can bang ban dau cla cac phan ti khoi lugng. Phuong phap dung FEM model st dung Ansys
APDL v&i keypoint va line mo ta cac phan t& clia mo hinh, doi hoi phai thiét [ap chinh xac kha nang
chuyén vi ctia mbi keypoint. Tuy nhién, ca 2 phuong phap MBD va FEM model chi hiéu qua khi
khao sat dap Ung trong mién thai gian cho mét trudng hop cu thé clia tan s6 kich thich. Khi phan
tich dap Ung trén mién tan s6, doi hoi truy xudt va téng hop dir liéu cla rat nhiéu trusng hop thudc
khodng tan s kich thich khao sét thi hai phuong phép nay cé rat nhiéu han ché trong qua trinh
tinh toan, cu thé Ia trong viéc thuc hién tinh todn phuc tap vai nhiéu vong ldp va cac bién tham
s6 bién thién. Viéc glal bai todn cung mat nhiéu thai gian hon so véi phUGng phap s6 st dung mo
hinh toan hoc. Két qua tinh toan mé phéng duoc phan tich trong mién thoi glan mién tan sé, va
mién gia tri cac cac tham s6 hé théng treo ghé ngudi 1ai. K&t qua nay lam ca s& cho viéc phat trién
thiét ké hé théng treo ghé ngdi ngudi lai vai phan tir dan héi, gidm chan phi tuyén va viéc lua chon
phuaong phap tinh todn phu hgp vdi tiing bai todn trong linh vuc dao dong clia xe.

Tu khoa: Dao dong ghé ngdi ngudi 1ai xe buyt, Kich thich diéu hoa, M6 hinh tinh todn s6, mo
hinh da vat thé, M6 hinh phan ti hiu han

GIGI THIEU

Rung dong xudt hién trong qua trinh lam viéc gay anh
hudng réit I16n dén d6 ém diu va tinh ning dan hudng
clia ngudi lai xe buyt 2. Trong d6, yéu t5 gia téc theo
tiéu chudn ISO: 2631-1-1997 la thong s6 dic trung
trong viéc ddnh gi4 d6 ém diu? va chuyén vi tuong
doi ctia hé théng treo ghé nguoi lai 1a thong s6 dac
trung trong viéc danh gid tinh nang dan huéng 3. D&
thuén tién cho viéc phén tich hai yéu t6 trén, nhiéu
nghién ctiu thuc hién mo6 phong dao dong mé hinh
xe dugc don gidn héa tit mé hinh thuc t&4-°. Muc
dich ctia viéc md phong va phan tich dao dong 1a dé€
du doén ting xi ciia moé hinh xe dudi cac diéu kién
van hanh khéc nhau trong thuc té 7. Cénhiéu phuong
phéap phan tich dao dong v6i mo hinh don gidn hoéa

tti mo hinh thuc t€ nhu phuong phap xay dung moé
hinh todn sau d6 giai bang chuong trinh mdy tinh va
phuong phép x4y dung mo6 hinh dong luc hoc da vat
thé bang phdn mém (Matlab, Ansys, Adams,...).

Viéc ting dung m6 hinh todn hoc vao phén tich gia téc
ngudi 1ai va chuyén vi tuong ddi hé théng treo ti lau
da dugc nghién ctu>8. Trong d6, nghién ciu phan
tich gia t6c than xe v6i mo hinh % xe 2DOF chiju kich
thich mat duong ngdu nhién danh gia d6 ém diu caa
hanh khéch theo t5c d6 chuyén dong®1°. Phan tich
dap ung gia tdc than xe va chuyén vi tuong d6i hé
théng treo xe v6i mé hinh } xe 2DOF* va mo hinh
toan xe 10DOF!! dudi kich thich diéu hoa. T6i uu
hoéa hé théng treo bang m6 hinh % xe dé ting d§ ém
12

diu, cai thién dap ting clia thin xe © va t6i uu hoa hé
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théng treo ghé ngdi ngudi lai xe buyt bang mé hinh
1DOF ™.

Bén canh d6, ting dung moé hinh phan td htu han
xay dung bdi Ansys APDL phan tich dép ting gia téc
than xe v6i mo hinh % xe 2DOF”!4, Ung dung Mat-
lab Simmechanics phén tich gia t6c than xe, chuyén vi
tuong doi hé thong treo va goc lc than xe trén mién
tdn s6 ty nhién va ti 1¢ gidm chén hé théng treo bing
md hinh toan xe 7DOF !>, Ung dung Matlab Simme-
chanics phan tich dép tng gia t6c than xe bang mo
hinh doan xe so-mi ré-méoc !°.

Tuy nhién, viéc ung dung tinh todn m6 phong béng
cc phuong phap hay moé hinh khéc nhau cho bai toan
cu thé vé dao dong 6 t6 vin con nhiéu han ché. Baibdo
thuc hién tinh todn phén tich dao dong cu thé cho xe
buyt chiu tai trong kich thich tac dung ti mat duong
c6 dang ham diéu hoa bang ci ba phuong phap cu thé
bao gdém: phuong phdp mé phong s6 bang ngén ngii
lap trinh Matlab (Numerical model); phuong phap
mo6 hinh ddng luc hoc da vat thé (Multi Body Dy-
namics - MBD) sti dung Matlab Simmechanics (MBD
Model); va phuong phap mo hinh phén td hiiu han st
dung Ansys APDL (FEM Model). Quy trinh thiét lap
mo hinh & c& 3 phuong phép dugc trinh bay cu thé,
két qua tinh toan xac dinh cc thong s dao dong bing
ca ba phuong phéap dugc phan tich cho thy cac ddc
diém, vu diém va han ché ctia mdi phuong phap trong
viéc giai quyét bai todn dao dong 6 to.

COSG LY THUYET VA THONG SO
PAU VAO

Mé hinh ] xe 3DOF

Trong do:

My, Mg, my: Lan lugt 1a khoi lugng phan khong duge
treo, khéi lugng than xe va khdi lugng téng ctia ghé
nguoi 1ai (kg)

Cu» Cs» €4 Lan lugtla hé s6 gidm chédn ctia phén ti gidam
chén ¢ banh xe, hé thong treo xe va hé thong treo ghé
(Ns/m)

kus ks, kg: Lan lugt la d6 cling cuia phén t& dan hoi ¢
banh xe, hé thong treo xe va hé théng treo ghé (N/m)
Xu> X5, Xg: Lan lugt1a chuyén vi theo phuong diing ctia
khéi lugng khong dugc treo, than xe va ghé nguoi lai
(m)

Xy, Xs, Xg: Lan lugt 1a van t6¢ theo phuong diing ctia
khéi Iugng khong dugc treo, thin xe va ghé ngudi lai
(m/s)

Xu, Xs, Xg: Lan lugt gia tdc theo phuong diing cta
khéi lugng khong dugc treo, thin xe va ghé nguoi lai
(m/s?)

y(t): Kich thich tit mat duong theo phuong diing (m)
g: Gia t8c trong trudng (m/s)
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Hinh 1: M6 hinh déng Iuc hoc  xe 3DOF*

M0 hinh % xe 3DOF thé hién & Hinh 1 véi céc thong
s6 ki thudt dugc trinh bay trong Bang 1 gébm ¢6 3 phin
tu khoi lugng m,,, my, my, 3 phin ti nay lién két véi
nhau va lién két v6i mét duong qua cac phan ti dan
hoi - gidm chén 1416p xe (ky, ¢, ), hé thong treo xe (ky,
¢s) vahé thong treo ghé (ky, ¢z). Khi chuyén dong trén
dudng duéi kich thich tit médt dudng y(t), cac phan tu
khoi lugng dao dong theo phuong dling véi chuyén vi
X, van tOc x va gia toc X.

Théng sé dau vao ctia mé hinh

Théng sé ky thudt cia mé hinh

Thong s6 ki thuat ciia moé hinh 17 dugc t8ng hop theo
Bang 1. Trong d6, d6 cting phan ti dan hoi k; va hé
s0 giam chén phén tl gidam chén ¢, ctia hé thong treo
ghé dugc tinh todn tuong ting theo tin s6 ty nhién
fra vatilé gidm chdn & 4. Véi f,,4 dugc khéo sét trong
khoang thiét ké thong thuong [1,5+4] (Hz) va &y
(0,1+0,5], 8.

Kich thich dau vao ctiia mé hinh

Tai trong kich thich dau vao y(t) c6 dang ham diéu
hoa trong mién tan s6 lam viéc thong thuong ctia xe
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Bang 1: Théng s6 mé hinh 7

Ki hiéu Gid tri Pon vi
my 100 kg

myg 4.500 kg

[ 20.000 Ns/m
kg 300.000 N/m
my 500 kg

Cu 150 Ns/m
k, 1.600.000 N/m

khi di chuyén trén dudng f [0.5+50] Hz'7, Hinh 2,
dugc st dung.

y

d

AN VAN

Hinh 2: Kich thich y(t)®
Pugc mo ta dudi dang phuong trinh toan hoc nhu
me.
d 2
y= Ezsin <dilvt) 1)

-d; =1 (m) : Chiéu dai map mo6

Trong do:

- dy = 0,005 (m): Chiéu cao mip mo

-v=0,5-+ 50 (m/s): Van téc xe

- t: Thai gian (s)

Chiéu dai mép md dugc chon la d; = 1 (m), sao cho
van tdc di chuyén ctia xe v [0,5+50] (m/s) sé tuong
ung véi tdn s6 kich thich ti mét duong f [0,5--50]
(Hz) 7 theo (1).

Pap ung khao sat
Tai méi gid tri ctia tin s6 ctia kich thich diéu hoa tac
dung, dap tng gia t6c ghé ngudi lai G, va dap ung
chuyén vi tuong ddi hé théng treo ghé G, duge xac
dinh 14n lugt theo (2) va (3).

_ max (id)

Gua = W (2)

Trong d6:

max (X4): Bién do gia t6c ghé ngudi lai & trang thai
én dinh (m/s?)
max (y) Bién d6 gia toc kich thich (m/s?)

_ max|xg — x|

Gy (3)

max (y)
x4: Chuyén vi ctia ghé ngudi ldi 6 trang thai 6n dinh
(m)

xs: Chuyén vi ctia thin xe & trang théi 6n dinh (m)
max(y): Bién d¢ kich thich dau vao (m)

Kha néng cach li rung dong hé thong treo ghé dugc
phén tich dua trén gia tri SEAT, dugc tinh theo (4),
néu gia tri SEAT < 1 nghia la gia t6¢c ghé nguoi 14i nho
hon gia t6c kich thich tit mét san nén hé théng treo
ghé c6 kha ning cit gidm rung dong va ngugc lai 1°.

max|X,|

SEAT = (4)

max(X;)

Trong do:

max(Xs): Bién d6 gia t6c than xe & trang thai dn dinh
(m/s?)

PHUONG PHAP XAY DUNG MO
HINH MO PHONG

M6 hinh toan hoc - Numerical model
Ph uong trinh déng lu'c hoc

o kglxg - xs) €4lXy-Xs)
ks(xs=xu) €s(Xs=Xu)

]

ks(xsmxy) C(XsXu)

kuxu-) Cdiu-3) koa = xs) e - %)

Hinh 3: So d6 luc ctia cac phan tir khéi lugng

Tién hanh phén tich luc tai cac phan td khoi lugng
my, mg, my, trong Hinh 1 thu dugc so d6 luc ctia cac
phén t, Hinh 3. Theo dinh luit New-ton II, ta thu
dugc hé phuong trinh vi phan dong luc hoc (5):

M) [X] +[C] [X] + K] 1X] = [F] ®)

Trong d6:

[M], [C], [K]: Lanlugtla ma tran khéi lugng, ma trdn
hé s6 giam chén va ma trén do cling

(X7, [X } , [X ] : Lan lugtla ma tran chuyén vi, ma tran
van toc, ma tran gia téc

1908



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé 2023, 6(2):1906-1916

[F]: Ma tran ngoai luc

Trong do:

my O 0 cy+cs —Cs 0 [X]= [xu Xy Xg Xg Xg )'cd]
M =10 im0 (€)= —eesteq —Ca|X] = [k ks Fs Fa )
0 0 my 0 —c4 Cd _ cu)'7+ku)’
ky+ks  —ks 0 cuy+kyy " : My
Ki= |~k k+he | =] 0 | = :
0 1 0 0 0 0
0 —kq kg 0 bk
) ) —ku—=ks  —cu=cy kg o 0 0
- x” . £ S R S S
[X] =5 [X} =& | XI= ks o cheki —eme ki oa
X, d X d X, d my mg mg my my mg
0 0 0 0 0 1
Hé phuong trinh mo6 ta dong luc hoc ctia co hé 3DOF 0 0 ka —ka =kt =z
voi kich thich ctia mit dudng diéu hoa bao gdom ba N T e S
1ich ctia mat cuons dicu hoa bao g B=[0 1 0 0 0 0], [cl=l, [D]=[0]
phuong trinh vi phan cép 2 dugc viét dudi dang ma

tran nhu & (5) dugc giai bing phuong phap s6 st
dung ngoén ngii 14p trinh Matlab, theo so d6 Hinh 4.
Trong do, ham “State Space Equation” 14 hé phuong
trinh dong luc hoc (5) dugc viét dudi dang khong gian
bién trang thai, ham “ODE45 Function” thuc hién giai
phuong trinh vi phin. Két qua thu dugc sau khi giai
phuong trinh vi phin 13 chuyén vi x va vin t6c x cta
cac phan tu khdi lugng. Gid tri x va x sau dé dugc
duing dé tinh gia t6¢ X theo (5).

Harmonic Input

l

State Space Equation

Y

ODE45 Function

L J

Results

Hinh 4: M6 hinh tinh toan s6

Tan sé tu' nhién

Tén s6 tu nhién cta cic phén tt khdéi lugng trong co
hé dugc tinh dya trén tri riéng A ma tran [A] (6) cha
md hinh khong gian trang thai dang ma tran (7).

det|Alg—[A]| =0 (6)

{ [[X] = [A][X] + [B]u o)

X] = [C] [X] + [D]u
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Mé hinh déng luc hoc da vat thé - MBD
model

Mb hinh § xe 3DOF Hinh 1 dugc mé hinh héa
bang mo6 hinh MBD st dung Matlab Simmechanics,
Hinh 5. Céc thong s6 dau vao theo Bang 1, kich thich
mit dudng y(t) theo phuong trinh (1).

Cac phén tu khéi lugng my,, my, my dugc mo hinh
hoéa thanh cac khéi “Solid” tuong ting. Céc phan ti
dan hai - gidm chan & banh xe (ky, ¢,), hé théng treo
xe (ks, ¢s) va ghé ngudi lai (kg, ¢g) dugc mo hinh héa
bang khdi “Prismatic Joint”. Céc phén ttt khéi lugng
“Solid” khi lién két v6i “Prismatic Joint” chi chuyén
dong theo phuong diing. Vi tri can bang ctia cac phan
tu khdi lugng m,,, myg, my & trang thai tinh Hinh 5
dugc thiét 1ap & khéi “Prismatic Joint” theo thong s
ti 1é gifia tong trong lugng dit 1én phén ti tuong Ging
do cting clia phén tt dan hoi d6, Bang 2. Kich thich
diéu hoa tic dung y(t) dugc moé hinh héa bang khéi
“Sine Wave” v6i cac thong s6 ky thuat ctia tin hiéu theo
(1). Gia toc ghé ngudgi lai va chuyén vi tuong doi hé
thdng treo ghé (x; — x4) theo thoi gian dugc xdc dinh
thong qua céc khéi cdm bién “Sensor” véi mdc do tai
vi tri ¢6 dinh can bing ban dau.

Mé hinh phan ti hitu han - FEM model

M5 hinh co hé dugc mé hinh héa bang mé hinh FEM
stt dung Ansys APDL, Hinh 6. Tuong tu md hinh
MBD, céac thong s6 ky thuat dau vao ctia mé hinh
FEM dugc 14y theo Bang 1 va thong s6 kich thich mit
duong y(t) dugc 1dy theo (1).

Céc phan ti khoi lugng my,, my, my va diém lién két
gitiabanh xe - mit duong dugc thiétlap bdi tuong ting
v6i 4 keypoint. Cac keypoint md hinh hoa cdc phan
tt khoi lugng bang loai phan tit “Mass21” ctia APDL.
NGi gitia 4 keypoint 1a 3 line, cac line nay mo hinh héa
béng loai phan ti “Combinel4” d€ mo6 ta lan lugt cac
phén ti dan héi - gidm chén ky, kg, kg, cu» ¢5, ¢4. Diéu
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mg
" ~ Solid Block
d Cd
ms
i
Prismatic Joint SO e /|
Block mﬂ g
“.
k, Cu Sensor Block
f{x) =0 af <4
ﬂ_ Wheel road Joint
= w f—e
— rssf—y Sine Wave Block
0 i N l._~ 7 &
CSF (1)

Hinh 5: M6 hinh MBD - Simmechanics

Bang 2: Vi tri can bang

Vi tri lién két Vi tri cdn bang

Bénh xe (my, +m; +my).glky
Hé thdng treo xe (my + myg).g/ks

Hé théng treo ghé nguoi 1ai my.g/ky

kién bién vé chuyén vi tai cic keypoint dugc thiétlap  Dap ng tai mot gia tri tan sé
tlheo tinh chat chuyén dong ctia mé hinh dong luc hoc Gia téc gh én quoi ldi

2 xe. Trong d6, cac keypoint mo ta phan ti khéilugn
4 8 . hylfk - ll'DA 1 banh "8 Tinh toan dugc thuc hién véi ca 3 mo hinh tinh toan
M TMs> 1Mt CUNg 1 eypomt e Ket banh xe = 6 phong nhu & muc 3, tai mot gia tri ctia ham kich
thich diéu hoa f=7 (Hz), hé thong treo ghé ngdi c6 tin
s8 tu nhién f,=2,5 (Hz), va ti 1é gidm chdn & = 0,3.
Gia tdc ctia ghé ngudi lai theo thoi gian thu duge véi 3
phuong phép tinh toan trén la nhu nhau, Hinh 7. Gia

mit dudng chi cho phép chuyén vi theo phuong thing
ding y, chuyén vi theo phuong ngang x va chuyén vi
xoay quanh truc z dugc khéa cting. Kich thich dau
vao tac dung tai keypoint lién két gitia banh xe va mit

dudng la chuyén vi theo phuang diing y(f) theo (1). t6c ghé ngudi ldi phit hgp theo déc tinh dao dong cua

K’E"T QUA VA THAO LUAN mo hinh % xe khi chiu kich thich diéu hoa y(t) 6. Theo

do, gia t6c bat 6n dinh & thoi diém dau tién do co hé
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ANSYS
Ma Sy 0.12 : :
v o 1 =15(H)
. —f =25 (H
Keypoint Ky, ca < Line 04 T :4(.4(1)2) 1
Mass2 1 Combinel4
A
" 0.08
ks, Cs| &
m@
< lm,
¥ kel
I Keypoint
¥@® < | Connection point
> X
Rot z & !

Hinh 6: M6 hinh FEM - Ansys APDL 01 015 02 025 03 035 04 045 05
4
Hinh 8: DPap Ung gia t6c ghé ngudi lai Gy, trong
0.4 mién &
e FEM model
MBD model
03 Numerical model
K 0.2 Aol A HdRA
= - 1 0
= J':,:'n'.:“l".h.l,"”"
M 0 !
S oo {00 o R L x10*
B I"I||'l|'|:|"ll"'||' |
3 ||'”|,||||||,,'.”|'I|' ® FEMmodel
g odRRnnnanCRAniaRan ARHEDS 6 ——MBD model
= :|I|':II:||I i iy E i Numerical model
i !
T 01k ! £ '
% {t E 4 Il
o
% 02 & ) .
[=] % I
- U
- 1
0.3 2 b
o 1
0.4 . © {
0 05 1 15 2 25 3 w5 -2 (MM
Time (s) 2
Hinh 7: Gia t6c ghé ngudi lai theo thdi gian e
=

Time (s)
dot ngot chiu kich thich tii trang thai cAn bang, sau d6
dat trang thdi 6n dinh va dao ddng tuan hoan véi tin
s6 bing tan s6 kich thich dau vao. Cu thé, & trang théi
6n dinh, gia tdc ghé ngudi lai, Hinh 7 ¢ bién d6 x4p
xi 0,2 (m/s?) dao dong véi tan s6 7 (Hz).

Bién thién dap tng gia t6c ghé nguai lai Gy, theo gia ot

tri tin s6 tu nhién hé thong treo ghé f, = 1,5 (Hz), f, ‘ ‘ ey i =15(H2)

= 2,5 (Hz) va f,, = 4 (Hz) trong mién ti 1 gidam chin 0.2 _:::ifH(;Z) 1
& ti1 0,1 dén 0,5, vdi tn s8 kich thich f=7 (Hz) dugc
téng hgp Hinh 8. V6i cung ti 1é gidm chin &, gid tri
Gy, tang dan tuong ting theo t4n s6 tu nhién hé thong 0.18
treo. Tuong tu, khi xét cling tin s6 tu nhién hé thong

Hinh 9: Dap tng chuyén vi tuong déi hé théng treo
ghé theo thdi gian

0.19

Gdz

0.17
treo ghé f,, hé thong treo ghé c6 t11¢ gidm chén & cang

16n gid tri dap ting gia t6c ghé ngudildi G, ciing cang 016 ;
l6n. 0.15 <

Chuyén vi tuong déi hé théng treo ghé ngu'si O o 05 oss 04 ous o5
lai ¢

Dbap ting chuyén vi tuong d6i hé théng treo ghé theo
thoi gian thu dugc, Hinh 9, véi ca 3 phuong phép tinh
toan khong c6 sy khdc biét. Chuyén vi tuong d6i hé

thong treo ghé bién thién cting ddc tinh véi tin hiéu

Hinh 10: DPap dng chuyén vi tuong déi hé théng
treo ghé G, trong mién &
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gia t0c, dao ddong manh & thoi diém ban diu va én
dinh tudn hoan véi tin s6 bing tin s6 kich thich.
Dap ting chuyén vi tuong d6i hé thong treo ghé G,
theo gid trj tn s6 ty nhién f, = 1,5 (Hz), f, = 2,5 (Hz)
va f, = 4 (Hz) trong mién ti 1¢ gidém chdn & t1 0,1 dén
0,5, v6i tin s6 kich thich f=7 (Hz), Hinh 10. Véi cing
tan s6 ty nhién hé thong treo ghé f,, ti 1¢ gidm chén
& cang 16n, gid tri dap ing chuyén vi tuong déi G,,
cang nho. Véi cung ti 1é gidm chin &, gié tri G, ting
dan tuong tng theo tan s6 tu nhién hé thdng treo.

Pap ung trong mién tan sé

Quaé trinh khdo sat dép tng gia t6c G 4, va chuyén vi
tuong d6i hé thong treo ghé G;,, SEAT trong mién tin
s6 doi hoi lap lai nhiéu 14n viéc gidi cic mo hinh tinh
toan trén. O méi budc gidi thit i, tuong ting v6i mbi
gid tri tn s6 kich thich, gia tri Gg,;, Gyy» SEAT; thu
dugc, tong hop lai thanh mang gid tri G4, G4, SEAT
md ta ddp Ung trén mién tin s6. Néu chi dung mo
hinh MBD va FEM don thudn, viéc thu thip dii liéu
v6i s6 lugng 16n 14n 1ap lai nhu trén la khong thé ma
doi hoi phai co sy ho trg ctia ngdn ngii l4p trinh Mat-
lab Code va Ansys APDL. Hon niia, thdi gian tinh sé
tang nhiéu lan khi st dung phuong phap MBD model
va FEM model so v6i Numerical model.

bap ting trong mién tan s kich thich cta gia toc ghé
ngudi lai Gy, chuyén vi tuong d6i hé théng treo ghé
Gy, va kha nang cach li rung dong SEAT tuong ting
vGi mbi phuong phap MBD model, Numerical model
va FEM model dugc thuc hién theo 2 trudng hop:

+ Trudng hgp 1: C6 dinh ti1é gidm chan hé thong treo
ghé& & = 0,3 va khdo sat v6i gid tri tAn 8 ty nhién ghé
nguoilai: f,1 = 1,5 (Hz), fip = 2,5 (Hz) va f,3 = 4 (Hz).
+ Trudng hop 2: C6 dinh tin s6 ty nhién hé théng
treo ghé nguoi lai f, = 2,5 (Hz) va khdo sat véi ti 1é
gidm chdn £;=0,1,£,=0,3,&£3=0,5.

Tan sé tu nhién cia cdc phdn ti khéi luong
Két qua tan s6 ty nhién c6 giam chén f,, f;, f; tuong
ung clia cac phan ti khoi lugng my,, ms, my ciia mé
hinh khong gian trang thai phuong trinh (6) va tinh
theo ché do “Modal” dugc ho trg trong md hinh FEM
bang Ansys APDL khong khéc biét, dugc téng hop
theo Bang 3.

Gia toc ghé nguoi Idi

bap ting gia toc ghé ngudi lai Gy, trong mién tin
s kich thich khong khdc biét véi 3 phuong phap
tinh todn moé phong trong ca 2 trudng hop khao sit,
Hinh 11 va 12. Dap ting gia t6c ghé ngudi lai theo tin
s6 kich thich G, c¢6 3 dinh cyc trj tai cic tn s6 fy, fs,
fa 1an lugt tuong ing véi tan s6 tu nhién ctia cdc phin

f=1 =116 (Hz)

@
o ~ ® FEMmodelf =15 (Hz)
@ 10° iy
MBD model £ =15 (Hz)
Numerical model f, | = 1.5 (Hz)
K FEM model f =25 (Hz)
1073 ] 2 (Hz)

MBD model T, = 2.5 (Hz)
Numerical model f_, = 2.5 (Hz)
10" @ FEMmodelT =4 (H2)

o MBD mogel T, = 4 (Hz)
Numerical model fnS =4 (Hz)

10
107" 10° 10" 102
f (Hz)
Hinh 11: Bap ling gia téc ghé ngudi lai G4, trong
mién tan s6

tu khoi lugng my,, mg, my theo bang 4. Gia tri G4, 16n
nhit & tan s6 cong hudng ctia hé thong treo xe f;.

V6i tin s6 kich thich ctia méit duong tac dung thudc
khoang tii 0,5 dén 2,3 (Hz), gia tri G4, ludnlén hon 1,
tuong ting gia toc truyén 1én ghé nguai lai bi khuéch
dai, Hinh 11. Tuy nhién, ngoai ving tan s6 nay dap
ung gia tdc truyén lén co thé ngudi duge cat gidm
dang ké theo sy tang din cta tan s6 kich thich, phu
hop véi két qua cac nghién ctiu mé phong va thuc
nghiém 1720, Gia tri G4, cuc dai tai tin s f; 16n nhat
v6i f,1 = 1,5 (Hz), gidm dan tuong ung theo f» = 2,5
(Hz), fu3 = 4 (Hz). Theo chiéu ting cta tin s6 kich
thich f, tii dinh cuc tri tai tdn s6 cdng hudng f; = 3,86
(Hz) v6if,3 = 4 (Hz), gid tri G4, ludén 16n nhat va giam
dan tuong tng theo f,p = 2,5 (Hz), f;;; = 1,5 (Hz).

e FEMmodel g, =01

0%102, ——MBD model ¢, =0.1
Numelicalmudelﬁ‘ =01

| @ FEMmodelt,=03

10'35’ % MBD model§,=03

1 Numerical model iz =03
10_4§ . FEMmOdeI§3=05
H o MBDmodel€, =05
Numerical model &B =05

107" 100 10' 102
f (Hz)

Hinh 12: Dap (ng gia t6c ghé ngudi lai Gy, trong
mién &

Xét trudng hop 2, Hinh 12, v6i &, = 0,3, 3 = 0,5,
tdn s6 kich thich f [0,5+2] (Hz) va & = 0,1, tdn s§
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Bang 3: Tan sé tu nhién c6 gidm chan cta cac phan ti khéi lugng

E f, Tan s6 tu nhién c6 xét gidm chdn

£, f, £,
é, i 1,4701 1,1523 9,0662
E fn 2,4157 1,1688 9,0658
5, 3 3,8582 1,1711 9,0649
él, i 2,5219 1,1695 9,0662
Es, 1y 2,1874 1,1685 9,0655

kich thich f [0,5+-2,8] (Hz), gid tri G4, ludn 16n hon
1. Ngoai vling tan s6 trén, gia tdc truyén 1én co thé
nguoi dugc cat giam theo chiéu tang tan s6 kich thich.
Tai tan s6 cong hudng f; x4p xi 1,17 (Hz), gia tri cuc
dai G, tuong ting v6i 1=0,1, 5 = 0,3, £3 = 0,5 x4p
xi bang nhau. Tai tin s6 cong hudng f; = 2,5 (Hz) v6i
&1 =0,1, gia tri cyc tri Gy, x8p xi 2 14n so vdi cyc tri
tai fy = 2,4 (Hz) v6i &1 = 0,3 va f; = 2,18 (Hz) voi &3
=0,5. Trong vling tan s6 kich thich f [4+50] (Hz), gia
tri Gy, v6i €3 = 0,5 ludn 16n nhét va gidm dan theo
£,=03,E =0,1.

Chuyén vi tuong déi hé théng treo ghé

bap ting chuyén vi tuong d6i hé thdng treo ghé G,
theo t4n s6 kich thich, Hinh 13 va 14 khong khéc biét
gilia 3 phuong phap Numerical model, MBD model
va FEM model trong ca 2 trudng hgp khdo sat, dong
thdoi cling ¢6 3 dinh cyc tri tai cac tan s6 fy, fs, f4 theo
bang 4.

10" ¢

/&
A f=f =91(H
oF
AT
N Ay
0\: 10 ® FEM model f =15 (Hz)

MBD model f, = 1.5 (Hz)
Numerical model f, =1.5 (Hz)
FEM model T, =2.5 (Hz)
MBD model f, = 2.5 (Hz)

S
x 0

[ Numerical mode! 1, = 2.5 (Hz)
109 @ FEMmodelf,=4(H)

{| @ MBDmodelf, =4(H2)
Numerical model f’_\: =4 (HZ)

10'5:
107 10° 10" 107
f (Hz)
Hinh 13: Dap (ing chuyén vi tuong dsi hé théng
treo ghé G, trong mién tan sé kich thich

Xét truong hop 1, Hinh 13, v6i frp = 2,5 (Hz), f,3 = 4
(Hz) gia tri G, luoén nho hon 1 hay chuyén vi tuong
d6i hé thong treo ghé ngudi 1ai luén nho hon kich
thich d4u vao y trén ca mién tan s6 kich thich. Tuy
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nhién, véi f,; = 1,5 (Hz), trong viing tin s6 kich thich
f [0,9+2,2] (Hz), G4, ludn 16n hon 1 hay chuyén vi
tuong d6i hé thong treo ghé ludn 16n hon kich thich
dau vao y. Trong ving tan s6 kich thich f [0,5+2,2]
(Hz), quanh tin s6 cong hudng hé thong treo xe f;,
v6i cung tan s6 kich thich, gid tri G, ting dan theo
fa3 =4 (Hz), fip = 2,5 (Hz), f1 = 1,5 (Hz). Tt tin s6
cdng hudng phan khong dugc treo f, xdp xi 9,1 (Hz),
theo chiéu ting cta tin s kich thich f, gia tri G, xdp
xi bing nhau véi cd 3 tin s6 tu nhién f,;; = 1,5 (Hz),
fm2 =2,5 (Hz) vaf,3 = 4 (Hz).

Xét truong hgp 2, Hinh 14, cho théy v6i £, =0,3, &3 =
0,5 gia tri G4, luén nho hon 1 hay chuyén vi tuong déi
hé thong treo ghé ngudi l4i luoén nho hon kich thich
ddu vao y trén cd mién tin sd kich thich. Vi & =0,1
trong viing tan s6 kich thich f [2+3] (Hz) Hinh 14,
G, luon 16n hon 1 hay chuyén vi tuong d6i hé thong
treo ghé luon 16n hon kich thich dau vao y. Trong
vung tan s6 kich thich f [1,17--9,1] (Hz) quanh tan s6
cdng hudng hé théng treo ghé f;, v6i cung tan s6 kich
thich gid tri G, ting dén theo 3 =0,5, £, =0,3, &
=0,1. O cic vung tan s6 kich thich con lai [0,5+1,17]
(Hz) va [9,1-+-50] (Hz) gid tri G4, x4p xi bang nhau véi
ca3tilégidmchin &; =0,1,,=0,3,53=0,5.

Khd ndng cdch lirung dong hé théng treo ghé
(SEAT)

Xét trusng hgp 1, Hinh 15, v6if,1 = 1,5 (Hz), {2 = 2,5
(Hz), fu3 = 4 (Hz) lan lugt tuong ting véi viing tan s6
kich thich f [0,5+-2,1] (Hz), [0,5--3,5] (Hz), [0,5+5,6]
(Hz) gia tri SEAT lu6n 16n hon 1. Theo d9, véi cling ti
1é giam chdn, hé théng treo ghé c6 tin s6 ty nhién
cang 16n thi vung tin s6 kich thich gay khuéch dai
cang rong. Gid tri SEAT dat cuc dai tai tdn s6 cdng
hudng hé thong treo ghé f; (Hz), bang 4, vé6i do 16n
SEAT xdp xi 2. Bong nghia véi viéc gia toc kich thich
ti san xe khi qua hé thong treo ghé bi khuéch dai 1én
16n nhat x4p xi 100% gid tri ban ddu. Tuy nhién, trong
ving tan s6 tii 5,6 (Hz) trg di hé thong treo ghé cach li
rung dong hiéu qua khi gia tri SEAT luén bé hon 1 véi
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10'

100 ——————-

107"

e FEMmodel ¢, =041
o 102} MBD model €, =0.1
Numerical I'm:\delg1 =01
; © FEMmodel,=03
10° x MBDmodel€,=03
Numerical model £, =0.3 v
104 ¢ FEM model € ;=05
o MBDmOdeI§3=05
Numerical model 53 =05
105
107! 10° 10! 102

f(Hz)

Hinh 14: Pap ung chuyén vi tuong déi hé théng
treo ghé G4, trong mién tan sé kich thich

ca 3 tan s6 tu nhién khao sat. Dic biét 1a trong viing
tan s6 dudi 10 (Hz), SEAT < 0,5, hon 50% gia tri gia
t6c dugc cit gidm. Viéc cach li kém cdc rung dong &
tan s6 thdp dudi 3,5 (Hz) va hiéu qua & vung tin s6
cao trén 10 (Hz) 1 dic diém chung ctia hau hét cac
loai hé théng treo ghé bi dong hién nay, diéu nay cho
thdy mo hinh } xe 3DOF dang cho két qua dénh gia
tuong déng véi cac nghién ctu thuc nghiém 2!,

25
s FEMmodel T =15(Hz)
MBD model f | =15 (Hz)
SEAT =19 Numerical model £, =15 (Hz)
2rgYy - = © FEMmodelf,=25(Hz)
P \V,Q\ % MBD modelf, =25 (Hz)
2 Numerical model f_, = 25 (Hz)
A% f=21(Hz) FEMmodel f_ = 4 (Hz
1.5 Y72 ¢ i (H2)
- DR o MBD modelf =4 (Hz)
E DR Numerical mode! f,, = 4 (Hz)
7] Q0 f=35(H2)
2
1 5 I —= .
SEAT =1
f=56(H2)
0.5

0 10 20 30 40 50
f(Hz)

Hinh 15: Kha nang cach li rung déng ctia hé théng
treo ghé& SEAT trong mién tan sé kich thich

Xét truong hop 2, Hinh 16, v6i &£} =0,1, €2 = 0,3, &3
= 0,5, tin s6 kich thich f [0,5+-3,5] (Hz), gid tri SEAT
lu6n 16n hon 1 va dat cuc dai tai tan s6 cong hudng hé
thong treo ghé f; (Hz), bang 4, v6i d6 16n SEAT lan
lugt xdp xi 5,1, 2, 1,5. Theo d6, cung tin s6 tu nhién,
hé théng treo ghé véi ti 1é giam chén cang 16n sé c6
gid tri SEAT cuc dai cang nho. Gia tri SEAT cuc dai
voi &1 = 0,1 tuong ung gdp 2,5 va 3,5 14n gia tri SEAT
cuc dai v6i €, = 0,3, E3 = 0,5.

. FEMmUdeI§1=01

5 (Hz) MBD model £, =0.1
7| SEAT =51 !
S5F ¢ Numerical model £, = 0.1
B o FEMmodel,=03
" x MBD modele £, =03
4 n
»
b ]

Numerical model 22:03
f=2.4(Hz)
[ 3 FEMmUdeI§3:05
o MBD model 53 =05
=219 (Hz)
SEAT =1.5

SEAT
w
=%

Numerical model ES =05

>~ 8 =

2
B
1 X--——— -
0 ==
0 10 20 30 40 50

f (Hz)

Hinh 16: Kha nang cach li rung dong ctia hé théng
treo ghé SEAT trong mién tan sé kich thich

KET LUAN

Tinh todn mo6 phong giai bai toan dao dong xe buyt
stt dung mo6 hinh % xe 3DOF duéi kich thich diéu
hoa da dugc thuc hién theo 3 phuong phép st dung
cac mo hinh gém: tinh todn s& (Numerical model);
dong luc hoc da vét thé (MBD model); phan ti hitu
han (FEM model). Két qua tinh todn dugc phan tich
goém dap ting gia t6c ghé ngudi l4i, chuyén vi tuong
d6i hé théng treo ghé, kha nang céch li rung dong cta
hé thdng treo ghé trén mién tan s6 kich thich véi hai
truong hop khdo sat ctia tin s6 ty nhién f, va tilé giam
chén hé théng treo &. Cac thong s6 dao dong ghé ngoi
ngudi ldi xe buyt thu dugc bing & 3 phuong phap tinh
toan mo phong khong c6 su khac biét.

Trong qua trinh xay dung mo hinh va phén tich két
qua, nghién ctu cho thdy dugc dic diém cta mbi
phuong phap tinh todn mo phong cho bai toan phin
tich dao dong ghé ng6i nguoi ldi. V6i phuong phap
stt dung mo6 hinh tinh todn s6 - Numerical model,
can phai xdc dinh dugc moé hinh toan hoc phic tap,
va kha nang stt dung ngon ngi lap trinh d€ giai hé
phuong trinh vi phan. Tuy nhién, qud trinh truy xuét,
téng hop két qua tinh todn khi khéo sat dap ting trén
mién tin s6 dugc thuc hién nhanh chéng hon so véi
MBD model va FEM model. Hon ntia, vdi cic tinh
toan chuyén siu va phc tap hon cta bai todn dao
dong 6 t6 cu thé la cdc bai todn trong d6 cac bo phan
dan hoi, gidm chédn 1a phi tuyén thi tinh uvu viét cia
phuong phdp Numerical model lai cang thé hién 16
hon, va tham chi v6i 2 phuong phap MBD model va
FEM model thi viéc gidi cac bai todn phi tuyén vin
con nhiéu han ché khong chi & thoi gian tinh todn ma
con tiy thudc vao chiic nang cé san clia cac cong cu
trong phdn mém st dung.
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LGOI CAM ON

Nghién ctiu dugc tai trg bdi Dai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé
DéE tai ma s6 (C2021-20-08)

XUNG DPOT LOIliCH

Bai bao nay la san phdm chung ctia nhom tac gia, két
qua thu dugc, va két luin trong bai bdo thé hién quan
diém chung ctia nhom tdc gia trong qué trinh thuc
hién nghién ctu.

PONG GOP CUA CAC TAC GIA

Céc cong viéc cu thé cha tling tac gid trong qud trinh
thuc hién nghién ctu:

Tran Hitu Nhén: co sd ly thuyét va phuong phap tinh
toan, phén tich phén tich két qua tinh todn mé phong,
hiéu chinh néi dung va hoan thién bai bao.

Pham Ngoc Pai: xdc dinh cac thong s6 can thiét trong
qua trinh tinh todn, thuc hién x4y dung cic mé hinh
va tinh toan mo phong.
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ABSTRACT

Vibration of bus driver's seat subjected under harmonic excitation, 3DOF (3 degrees of freedom)
dynamic model is employed to carry out the calculation by 3 simulation methods. Mathematical
model - numerical using Matlab programming language (Numerical model), Multi Body Dynamics
(MBD) using Matlab Simmechanics tool (MBD model) and finite element model using Ansys APDL
(FEM model) are employed. The strengths and limitations of each method are analyzed through the
process of building models and retrieving the resulting data. The evaluation indexes include the re-
sponse of driver's seat acceleration, response of the seat suspension's relative displacement and the
seat suspension's vibration isolation ability according to two investigated cases of natural frequency
and damping ratio. The obtained results from all 3 methods have no difference and the evaluation
indexes are suitable according to the studies on vehicle vibration response. The Numerical model
method requires the user to perform complex mathematical modeling. The MBD model method
using Matlab Simmechanics is simpler, using built-in function blocks, requiring declarations to es-
tablish the exact initial equilibrium position of the mass elements. The FEM model method using
Ansys APDL with keypoints and lines describing the model elements requires precise setting of
the displacement of each keypoint. However, both the MBD and FEM model methods are only
effective when investigating the response in the time domain for a particular instance of the exci-
tation frequency. When analyzing the response in the frequency domain, which requires accessing
and synthesizing data of many cases in the investigated frequency range, these two methods have
many limitations in the calculation process, specifically, in performing complex computations with
many loops and variables. Solving problems also takes longer than numerical method using math-
ematical model. The obtained results are analyzed in the time domain, frequency domain, and the
value domain of the driver's seat suspension parameters. This result serves as a basis for developing
the design of the driver's seat suspension system with nonlinear spring and shock absorber, and
the selection of a calculation method suitable for each problem in the field of vehicle vibration.
Key words: Bus driver seat vibration, Harmonic excitation, Numerical model, MBD model, FEM
model
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