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Tém tiit - Bai bao trinh bay noi dung phan tich rung dong cua ghé
va con ngudi trén xe buyt 29 chd bang phuong phéap phan tir hitu
han va mo6 phong trén phin mém Ansys Workbench. Diéu kién
khao sat trén mé hinh 3D sat voi thuc té. Mat dudng c6 bé mat
quanh co gdy ra céc lyc truc tiép 1én bén banh xe, 1am cho xe bi
rung. Phén tich mé hinh luc tir san xe ¢ mot vi tri ngdi cu thé dé
danh gida mirc d6 rung cua ghé va nguoi ngdi, tir do ¢6 thé phat
trién t6i cac vi tri ngdi khéc trén xe. Viéc danh gia muc do thoai
méi ctia théng s6 rung dong ctia con ngudi theo trong sb tin sb
theo tiéu chuén qudc t& ISO 2631-1 dugc sir dung. Két qua nghién
clru 1am tai liéu tham khao vé vi tri ngéi va thiét ké dém ghé su
dung trén xe buyt.

Tuw !(héa - Ghé ngéi va con nguoi; luc kich thich; do rung; tiéu
chuan ISO 2631-1

1. Pit van dé

Tac dong cua cac ngoai luc va ndi luc truc tiép tao ra
cac dao dong co hoc vao cac bo phan trén xe lam rung dong
ghé va nguoi ngdi trén xe, d6 rung duoc danh gia cho timg
bd phan cua co thé. Rung dong dugc truyén téi con ngudi
khi tac dong 1én cac bd phén cla co thé con nguoi nhu dui,
lung, mong..., [1], [2].

Nghién ciru trén thé gioi cho thay, hau hét cac nghién
clru vé rung dong toan than (WBV) hanh khach trén 6 t6
va su thoai mai khi di xe dd bo qua cdu trac dong luc hoc
cua ghe Hién nay, tai Viét Nam chua c6 nghién ctru nao
vé moi quan h¢ gitra co thé con ngudi va cdu tric dong hoc
ctia ghé ngdi trén xe [3-8].

Mot sb két qua nghién ctru di phan tich cac mdi lién hé
giita thong sb gia tc, bién do dao dong va xac dinh sy phan
bd rung dong tai cac vi tri khac nhau cta xe [9].

Céc mirc do rung cua ghé va anh hudéng cua né 1én cac
bd phéan khac nhau cua co thé con nguoi co thé duogc xéc
dinh dic trung boi mo hinh toan hoc va mé phong sb. Mo
hinh bay bac ty do (7-DOF) dé phan tich dong luc hoc cua
dao dong ghé va con ngudi voi chuyen vi thang dimg khi
lyc tac dong tur san xe toi ghe ngoi dugc stir dung. Vit li€u
lam dém cta ghé co thé tiéu tan nang luong va céac loai ghé
khéac nhau c6 kha nang hép thu nang luong khac nhau [10].
Phuong phap phén tich phéan tir hitu han (FEA), mé phong
sO trén phan mém ANSYS Workbench 2022R1 dugc sir
dung trong nghién ctru nay.
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2. Dir liéu va phwong phap nghién ciru
2.1. Mé hinh ché ngoi va con nguoi

Mo hinh 3 qchiéu cua xe buyt 29 chd Bus County da
duoc thiét ké. O day c6 the khao sat do rung ¢ bat ky vi tri
nao, vi du ngudi ngoi ¢ hang thir 4, Hinh 1.

Hinh 1. M6 hinh xe buyt, ghé ngéi va con ngieoi

Con nguoi la mét h¢ co hoc dan hdi ¢6 tan sb dao dong
tu nhién tr 3 - 30 Hz va c6 kha nang hap thu cac dao dong
¢6 tan s6 1én t6i 8000 Hz. Khi ngoi trén ghe phia dudi dui,
mong va sau vai tiép xiic truc tiép véi ghe Cac bo phan
con lai tay, chén, lung, bung, nguc, ¢d, dau s& thyc hién cac
dong tac tuong ddi v6i nhau. Vi vay, c6 thé danh gia truc
tiép mot cach dinh luong chit lugng tién nghi cua phuwong
tién thong qua mirc dd thoai mai ciia con nguoi, t kho chiu
dén nguy co strc khoe nghiém trong.

Tiéu chuan quéc té 1SO2631 hudng dan danh gia mirc
d6 thoai mai ctia con ngudi voi cac rung dong o tan s tir
0,5 dén 100 Hz bing trong sb tan sb aw (M/s?). Trong sb tan
s6 1a nghich dao cua mtc dd thoai mai ctia con nguoi, dugc
xac dinh theo phwong trinh (1), [11].
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1
ay= [E(W;a)*]2 1)
Trong d6, Wi va a; la cac hé $6 gia tde va trong $6 duoc
do thyc té tuong tmg cho mot tan s cu thé (i).
M5 hinh ghé va con ngudi nhu trén Hinh 2. Hinh 2.a 1a
mo hinh 3 chiéu, Hinh 2.b 12 mé hinh vt 1y cia ghé va
hanh khach ngdi & hang ghé thtr 4 phia bén trai cua xe.

a) M6 hinh nguwéi va ghé
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b) M6 hinh vdr ly
Hinh 2. M6 hinh ché ngéi va con nguoi

Pé xay dyng hé phuong trinh vi phan (2) mé ta dong
luc hoc cho mé hinh, ap dung dinh luat Newton ta c6: [12].
m % 4k, (% =X) +¢,(% =X) +k, (><1 2)+6,(% -2)=0 )
m,X, +K, (X, —X) +C, (X, —x)—
mx+k(x z)+c(x z)+k (X=%)+C,(X=X%) +K, (X =%,) +C,(X=%,) =0
Céc luc kich thich F(t) 14y tir phuong trinh (3)

F(t) =mX+mx, +m%, =k(z—x)+c(Z—X)+k,(z—x)+¢,(Z—%) (3)

Trong do:
ma: Khéi lwong co thé ngudi,
ki: Hé sb d6 cing cua co thé ngudi,
c1: Hé s6 giam chén cia co thé nguoi,
m2: Khéi lwong cua twa lung,
ko: Hé sb do cung tya lung,
C2: Hé s6 giam chén cua tua lung,
m: Khéi luong dém ghé,
k: Hé sb d6 cung ciia dém ghé,
c: Hé s6 giam chén cia dém ghé,
kp: Hé sb d6 cing ciia ban chan nguoi,
Cp. Hé sb giam chin ctia ban chan nguoi,
x,2: Bién d6 dao dong tuong tng theo phwong thing
dtng.
F(t): 1a luc kich thich tir san xe.

Khi da biét cac tham s6 do cimg giam chén, phuong
phap Runge-Kutta-4 c6 thé dugc sir dung dé giai trong

mién thoi gian. Tuy nhién, mdi loai xe lai c6 ddc diém dém
ghé khéac nhau nén viéc xac dinh cac thong s6 s& tré nén
phirc tap. Str dung phwong phap mé phong co thé khic
phuc dugc nhugce diém nay vi khi d6 chi can quan tam dén
loai vat liéu va da c6 san trong phan mém mo phong. Cac
gia dinh ctia mo hinh toan hoc dugc str dung: C6 bac tu do
giita dau va phan con lai ctia co thé con ngudi; Goc nghiéng
cua tya lung dugc ¢d dinh.

2.2. Lwc tic dung F(1) tiv san t6i ché ngoi

Mt cat mat duong dugc mo ta todn hoc theo phuong
phap 1S08608:1995, [13] hoic ¢6 thé mé ta dudi dang hinh
sin. B¢ don gian, mat duong hinh sin trong nghién ctru nay
duoc st dung. Sy rung dong cua két cAu than xe gdy rarung
dong cho san xe, va su rung dong nay tinh duogc tir két qua
mo phong.

Str dung phan mém matlap va mé hinh dao dong 6 t6 7
bac tu do nhu trén Hinh 3 ta xac dinh dwoc lyc kich thich
tai san hang ghé thir 4 (bo qua luc tac dung 1én ban chan
ngudi ngdi):

Hinh 3. M6 hinh dao déng 6 t6 7 bdc tw do

Phuong trinh vi phan (4.1-4.7) twong Gng vGi 7 bac tu
do cta m6 hinh mo6 ta dong luc hoc cho mé hinh.

MZ 4+ (Kyy + Ky + Ky + K32)Z 4 (Ciy + Coy + Cip + C30)Z (4.1)
+ (Ki16, + Kyre; — Kizey — Kppe) g
+ (Cr1e1 + Crrep — Crzey — Crp€3) 0
+ (Kj1a — Kp1b + Kipa — Ky, b) @,
+ (Cpra— 621?’ + Ci,a — Cyb) 0,
= (Kyy + Kip)& — (G + Crp) )
+ (Kize1 — K11€1)¢4 .
+ (Ciz6; — Crie)p; — (Kpp + Kzz)égz
= (Co1 + C32) 6, + (Kppey — Ky18) 0,
+ (Crze; — Co13)0, = 0

T + (Kiz€1 + Kyre, — Kipey — Kppe))Z
+ (Crre1 + Crre; — Crpey — Cppe3)Z
+ (Ki1e,® + Kppe.% + Kipeq?
+ Kp20,°)
+ (Cire:% + Cppei? + Cr18,% + Cpp05°
+ Crr + Crr)9x
+ (K, e,a — Ky e,b — Kppeqa

4.2)

- Kzzezb)‘ﬁy

+ (Ci1e,a — Cyre,b — Cipe1a

+ szezb)(l’y + (K — K11e1)§1
+ (Crze; — Crie)&;

— (Ki1e® + Kipe.)

= (Crree® + Cppey? + Crr) 91

+ (Kyze, — Kz1€,)8,

+ (Cpre; — C3185)8,

— (Kz182% + Kyp0,2) ¢,

= (Cy185% + Cppe2% + Crr)p, = 0
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Jy@y + (Ky1a — Ka1b + Kipa — Kopb)Z + (Cyya — Coyb + Cppa (4.3)
— Cy,b)Z + (K ae, — K, be, — Ky,ae,
+ Kyober) gy + (Criaey — Coybey
= Cypae; + Cyybey) gy + (Kia® + Kpy b2
+ Ki,0% + Kp,b2) @y, + (€102 + Cyyb?
+ C12az + szbz)‘/’y - (Kja+ K12a)~’§1
—(Cpa+ C12a)§1 + (Kipae;
— Ky ae,)¢; + (6:12‘191 —Ciyae)p;
+ (K21b + Kp,b) &, + (Coyb + C32b) ¢,
+ (Kz1be; — Kapbey) @, + (Copbe,
— Cybey)p, =0
M151 — (K1 + Ki5)Z — (Coq + Ci2)Z + (Kizey — Kypey) gy
+ (Ciz61 — Cr1e) 9y — (K11a+K12a)‘ij
- (Cpat Clza)(Py )
+ (K11 + Kip + Ky + Kpi) &)
+ (€11 + Cip + Cuy + Crid )
+ (K181 — Kizer + Kpieq — Krie) @y
+ (Ci1e1 — Crpe1 + Cpiey — Cree) oy
= Cr1QGr1 + Kp1qr1 + C1qu1 + Ki1q14
- Ki1e)Z + (Cpe,—Ciie0)Z
— (Ky16,® + Kip6,%) ¢, —(Crp04
+ Ciz6:% + Crp) oy + (Kpze0
- Kpe,0)9, + (Clze1a_c11e1a)(l’y.
+ (Kiie; — Kipep + Kpiep — Kpie) )
+ (Ci181 — Cize1 + Crre1 — Crieg)&,;
+ (Ki1e,® + Kipe” + Kppe,?
+ Kpi€1 )1 + (Crye0% + Crpei?
+ Crie® + Crees? + Crp)py
= —Cri€1Gr1 — Kri€1qr1 + Ci€1911
+Kpie1qn
Mz — (K + Kzz)Z (Co1 + C2)Z + (Kpze, — Kp18,) ¢y
+ (Cy26; — C31€2) 0 + (Kp1b + Kppb) @y,
+ (Co1b + Cyob) @, )
+ (K21 + Kpp + Kjp + Kgp) S,
+ (Coq + Cop + Cpp + Cro)&,
+ (Kz18; — Kpze, + Kipe; — Kraer) 9,
+ (Care; — Crz8; + Crpe, — Craer)
= CroQrz + KpaQra + C12q12 + K112
- K21€2)Z + (Cy2e, — Cy1€)Z
— (Kz182% + Kpp8,°)
= (G852 + Cpp€2” + Crp) s
+ (Kz18;b — Kppe,b) @y,
+ (Cr1e:b — Cyoe,b) 0, )
+ (Ky18, — Kppep, + Kppe, — KRZeZ)é:z
+ (Cp1e; — Cype, + Crpe; — CR2e2)§2
+ (Kp1e2% + Kypep? + Kppey”
+ Kpz€22) 9,
+ (G185 + Cppe.% + Cppey” + Coey”
+ Crr) @2

= —Cg, ezfle
+ K26:q12

(4.4)

JixP1 + (Ki28q (4.5)

(4.6)

J2x®2 + (K2, (4.7)

— Kro€2qpa + Cr2€29;,

Trong do:
M, Mz, M,: Khbi lugng treo, khong duoc treo & ciu
trude- sau,
Jx, Jy: M6 men quan tinh ciia khdi lugng treo theo truc x, y,
Jix, Jiy: MO men quén tinh cua khéi lugng khong dugc
treo trudc, sau X, y,
_ Cuy, Coy, CRl: Cro: Hé s do cung cua 16p bén trai cua
cau trudce- sau, 10p phai cua cau trudce- sau,

Ki1, Ki2, Kri, Kro: Hé 86 giam chan ctia 16p bén trai cia
cdu trude- sau, 16p bén phal clia cdu trude- sau,

Cu, Ca, C12, Coo: HE s6 do cimg hé thong treo bén trai
clia cau trudc - sau, hé thong treo bén phai clia cau trude — sau,

K, Ko, Kiz, Koo: HE $6 giam chin hé thong treo bén

trai ciia cu trudce - sau, bén phai cta chu trude — sau,
L: Chiéu dai co s6 cia xe,
a, b: Khoang cach tur cAu trudc - sau dén toa dd trong tam,

. 1, f2: Khoang cach gitra céc diém dat ciia cac banh xe

cau trudc- sau,

e1, e2: Khoang cach giira tam treo & cau trudce- sau,

Crr, Crr: Hé sb d6 clng cia thanh 6n dinh trén ciu
trude- sau,

Py P Toa d6 suy rong cua khdi lugng treo quay
quanh tryc x, y,

$ fy: Toa d6 suy rong cua khéi lwong khong dugc treo
cdu trude- sau theo phuong thing ding,

®1, 921 Toa dj suy rong cua khéi lwong khong duoc
treo cau trudce- sau quay quanh tryc x,

i1, ri, iz, Ore: Bién dang mat dq(‘)’ng tac dong banh
trai — phai cau trugc, banh trai — phai cau sau,

Xij, Yij: Toa do ghé ij theo phuong OX- OY,

Z1, X1: Toa d9 suy rong theo phuong Z, X.

Chuyén vi tai cac vi tri ghé ij theo phuong thing dimg Z

duoc xac dinh la ham kich thich 1én nguoi ng6i tai vi tri ghé

d6 va dugc mo ta trén Hinh 4, ¢6 gia tri bang phuong trinh (5)
Zghij = Zsénij =Z + Xijpy +Yij0x (5)

. “san,.
1] 1

\ KA
Hinh 4. So d6 tinh chuyén vi tai vi tri ghé ij trén sdn xe
18 q
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Hinh 5. Luc kich thich F(1) tir san (i chd ngoi va con nguoi
M6 phong dao dong than xe xac dinh chuyén Vi tai cac
vi tri thir 4 ta dang xét. D6 thi bién d6 - tan so cua céac luc
tac dung tir san tai vi tri nat 2612 (hang ghé thur 4) c6 bién
d6 lyc 16n nhat khoang 17,2 (mm) tai tan s6 72 (Hz). Luc
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tac dung 1én nguoi ngdi tai vi tri tiép xtc ciia mong, dudi
dui, trén lung va cac gia tri bién d¢ luc dugc tom tat trén
Hinh 5, [14].

3. Két qua nghién ctru
3.1. Phwong trinh FEM

Phuong phap phén tir hitu han thlet lap mbi quan hé gitra
Iyc nut va chuyen vi nut cua két cau bang cach chia ludi két
cau trong mién lién tyc thanh mién rdi rac sao cho tan s6 dao
dong cua cac phén tir cao hon tan sé dao dong ciia két cu tong
thé, néu khong dugc dam béo, tiép tuc chia ludi lai. Cau tric
cta phan tir ¢6 cac nut, chuyén vi ctia cac nut 1a céc bién co
ban can xac dinh. Cac lyc nat tac dung 1én cac nit theo nguyén
Iy luc tuong duong duoc biéu dién dudi dang ham s6 cua
chuyén vi nat. B chinh xdc tinh toan cua phuong phap phéan
tir hitu han ty 1¢ thuan voi s phan tir, tuy nhién s6 nit ting 1én
s€ doi hoi dung lugng bo nh¢ may tinh cao. Phuong trinh FEM
cho mé hinh cau tric chd ngdi va con ngudi 1a (6).

MX (t) + KX (t) + CX (t) = F(t) (6)
Trong do:
M la ma tran khéi luong,
K 1a ma tran d¢ cung,
C la ma tran giam chén,
F(t) 1a vecto luc kich thich,
Cac gia tri nay dugc xac dinh theo phuong trinh (7).

m 0 O
M=0 m, 0
0 00 m
q+¢6 0 -G
C= 0 C, —C, @)
-¢, —C, C+C +C,

F=[0 0 0 -m -m, -m|

k+k, O -k,
K=l 0 k, -k,
-k, -k, k+k +k,

3.2. Rung dong ciia con nguoi

Két qua mod phong trong méi truong Harmonics ctia
phin mém Ansys Workbench R2022 lay duoc do rung ciia
tung bo phan trén co thé. Vai va toan bo co thé uén cong
thanh hinh chir “S” trong mit phing doc, cac tu thé khac
cling c6 thé dat duoc két qua twong ty. Két qua minh hoa
tai vi tri hanh khach & hang ghé thir 4, tan s 56,819 (Hz),
bién do dich chuyén 16n nhét 12,568 (mm) & khu vuc phia
sau. Sy phan b theo phd mau biéu thi gia tri dao dong cua
cac bd phan co thé & cac tan s6 khac nhau, du doan moi
twong quan gitra vi tri ctia b phan d6 véi bién do, tan sb
dao dong nhu trén Hinh 6.

Str dung phép bién d6i Furie nhanh (FFT) dé xay dung
mdi quan hé tan s6 - bién do dao dong cua timg bo phan
trén co thé con ngudi, bién d6 dao dong sé thay doi theo
chu ky cua Iuc tac dong. Két qua mé phong tan sd rung tac
dong 1én cac bo phan clia nguoi lai va gia tri tham chiéu
chi ra trong Bang 1

C: Modal
Total Deformation - Mode 153 - 56,819 Hz
Type: Total Deformation
Frequency: 56,819 Hz
Unit: mrm

T20/2020 11:20 Ab

12586 Max
1L187
9.7988
2.3004
f.992
55936
41952
27968
L3954

0 Min

a) Rung dong ciia cong nguoi
D: Harmonic Response (Khich ngéi trén gh& hing 4)
Total Deformation - 4, Hz
Type: Total Defarmation
Frequency: 4, Hz
Sweeping Phase: 0, °
Unit: m
B/7/2022 10:22 AM

0.01558 Max
0013849
amaa
0.010387
0.0086558
0.0069247
0.0051935
0.0034623
0.0017312
0 Min
b) rung dong tan sé6 4HZ
D: Har monic Response [Khach ngbi trén gh& hang 4)
Tatal Deformation - 9, Hz
Type: Total Deformation
Frequency: 9. Hz
Swveeping Phase: 0, °
Unit: m
BAT/2022 10024 Ak

0.1162 Max
010329
0090376
0.077460
0.064554
0.051843
0.038732
0.025822
a.maam

0 Min

¢) rung ¢ tan sé 9HZ
Hinh 6. Sw rung déng ciia nguoi ngdi hang ghé thir 4
Bdng 1. Bién d¢ dao dong cua cdac bé phan
trén co thé nguoi hang thir 4 (mm)

Phin mé phéong
B§ phin 1SO 2631-1 Tz . L.
con ngudi (Hz) Tan so Bién do toi
(Hz) da (mm)
Déu 0-25 12 0,025
Thén 4-5 4 0,262
Nguc 64-80 72 0,254
Lung 10-12 12 0,025
Bung 4-8 7 0,199
Xuong chau 2-20 16 0,012

So sanh vai tan s6 tham chiéu cho thay cac dai tan thu
dugc tir két qua khao sat trong mo phong déu nam trong
dai tan cho phép. Khi do cting ciia dém ghé ting tuong (mg
v6i ving tan s6 thi bién d6 dao dong ciia timg bd phan trén
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co the ciing tang lén, trong d6 vung dau va ving nguc tang
tan sO nhi€u hon cac vung con lai.

4. Két ludn

M6 hinh toan hoc cia ghé duogc phan tich trén co so 11_1(;
kich thich tir mat duong dén khung xe, san tac dung lén ghé
khién nguoi ngdi rung dong. Muc do thoai mai dugc danh
gia bang trong so tan so cua gia toc rung cia con nguoi.

Str dung phuong phap phan tir hitu han xay dung mo
hinh va md phong trong méi trudng Harmonics cua phan
mém Ansys Workbench R2022 dé phan tich tan so rung
dong ctia gh€ ngdi con nguoi theo ti€u chuan quoc te ISO
2631-1 cho tirng bd phan trén co thé con nguoi.

Két qua phan tich dang tin cdy bang cach sir dung tai
thuc t€ va dicu kién bién thong qua viéc st dung cac cong
cu tao mo hinh 3-D.

Két qua nghién ctru c6 thé xay dung duoc so dd phan
bo cac vung dao dong trén 6 t6 buyt tir d6 dé xuat phuong
an ché tao cac loai dém ghé vai do cing, két cau khac nhau
dé giam lyc tac dong 1én nguoi ngoi trong thiét ké ghe ngoi
trén xe buyt.

Két qua nghién ciru lam tai liéu tham khao dé cac nha
thiet ke san xuat 0 to thiet ke va ghé tao ghe ngoi phu hop
v6i dieu kién duong xa va con nguoi Viét Nam
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