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Toém tit - Ngay nay véi sy phat trién nhanh vé kinh té, doi séng
vt chét, theo d6 khach hang ¢ xu hudng chon phuong tién giao
thdng c6 chét lugng cao va dam bao an toan. Dao dong Vva tiéng on
14 hai yéu t6 quan trong dé danh gia chit luong ctia phwong tién
giao thong. Trong d6, yéu t6 dao dong khdng nhimg lam giam sy
thoai méi cho hanh khach ma con anh huéng tryuc tiép dén tudi tho
cua phuong tién. Vi vay nghién cru phuong phép tinh toan dao
dong két cAu ciia phuong tién giao théng la nhiém vu cin thiét.
Nghién ctru ndy thyc hién ing dung phuong phép dap tng tan sb
(FRF) vao phan tich dao dong gay cong hudng trén khung xe Bus
THACO TB120S. Két qua phan tich FRF duoc kiém ching do
chinh xac thong qua céac phép do thuc nghiém. Phén tich FRF cho
biét tan sb gay cong hudng két cu va bién do cong hudng, tir 6 o
co s6 hiéu chinh thiét ké pha hop gop phan nang cao chit lugng san
phim 6 t6 va nang cao nang luc thiét ké san phim.

T khéa - Pap ung t:ém s6; dao dong; cong huong; phuong phép
Modal; hinh dang ché do

1. Pit van dé

Dao dong la mét tiéu chi quan trong trong danh gid mot
thiét ké két cu 6 t6 [1-2]. Dao dong lam giam su thoai mai
ciia nguoi lai va hanh khéch, anh huong dén chét luong
hang hoa dong thoi gay ra cac van dé cong huong, do bén
moi két cdu & t6 [3-4]. Vi vay viéc kiém soat dao dong
trong thiét ké 6 to la mot cdng viée quan trong va can thiét
dbi v6i cac nha san xuét 6 t6 trong va ngodi nudc.

Hién tugng chinh trong nghién ctru dao dong két cau 1a
hiéu tmg cong hudéng [5-6]. Dao dong cong huong lam
khuech dai bién do, gay ting ung suét, bién dang cua két
cAu. Su cong hudng duogc X&c dinh boi cac dac tinh cua vat
lidu (nhu khéi lwong, d6 cimng, dic tinh giam chin), diéu
kién lam viéc va bién dang hinh hoc cua két cau. Hién nay,
viée x4c dinh dao dong két ciu dugc thyc hién bang hai
phuong phédp chinh 1& phuong phdp md phong hoidc
phuong phap thuc nghiém [5]. Phuong phép thuc nghiém
dya trén phép do dao dong, xur Iy tin hi¢u dé xéc dinh tan
s6 dao dong riéng cua két cau [7]. Phuong phap thuc
nghiém ¢6 wu diém nhu do chinh xac cao, khong can sir
dung mé hinh ly thuyét voi cac théng s6 nhu ma tran kh6i
lugng [M], ma tran d6 ctimg [K], ma tran giam chén [C],
tuy nhién phuong phép thuc nghiém doi héi phai cé md
hinh thuc té va trang thiét bi may mac, diéu nay lam ting
dang ké chi phi va thoi gian thyc hién phép do dao dong.
Phuong phap mo phong dua trén co so cac tham s ciia mo
hinh to&n nhu [M], [K], [C] va diéu kién hoat dong cta két
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chu dé xac dinh tan s dao dong riéng [8-10]. Trong nhiing
niam gan déy, nhidu phuong phap so dugc de xudt dé phan
tich dao dong cua két cau [11-12]. Trong sé cac phuong
phép nay, phuong phéap phan tir hiru han (PTHH) dugc img
dung rong rai va cho hiéu qua tét nhét [13 15].

_Trong phan tich dao dong cua két ciu, viéc quan trong
nhét |4 can xac dinh chinh xac phdn ing dong cua mét cau
tric dudi tac dong ciia mot ngudn kich thich [9]. Diéu nay
gilp tranh c4c van dé cong hudng, moi do dao dong lam
giam tudi tho cua két cau [16]. Phan tich Pap tng tan sb
(FRF) 1a mét trong nhitng ky thuat dugc st dung rong réi
cho muc dich nay [9-10], [17].

FRF la ty sb giita gia tri phan hdi véi luc kich thich do
dugc tai mdi tan s6 [8-10], [18-19]. Phan tich dap tmg tin
s6 (FRF) duoc sir dung dé tinh ton phan hdi ciia mot cau
trdc dudi mét kich thich d1eu hoa [8], [10], [18]. Luc kich
thlch ‘va phan hoi ciia két cau duge chuyen d6i thanh mién
tan sb bang cach sir dung phep bién d6i Fourier (FFT) [10].
Mot ham phan hoi tan s6 biéu thi phan g cua cau tric doi
v6i mot luc tac dung. Tuy VA0 mién tan so cua lyc kich
thich, gia tri phan hoi ¢ thé duoc trich xuét theo d¢ dich
chuyén (x), van tdc (x), hodc gia toc (%) [10]. bac diém cac
dinh trong do thi FRF cho biét, théng tin vé tan sb dao dong
riéng, ving tan s6 cong huong, dic tinh giam chan va bién
d6 cua céc gia tri phan hdi [20]. V&i nhitng dic tinh k¥
thuat trén, phan tich FRF duoc tng dung dién hinh trong
céc phan tich vé tiéng dn, dao dong cuia 6 t6, cac thiét bi
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quay va truyén dong [8].

Dao dong ctia khung xe & van dé chinh anh huéng dén
su thoai méi cia hanh khéach va tai xé trong xe. C6 rat
nhiéu ngudn gay dao dong khac nhau, tuy nhién dong co
a6t trong Ia nguon gay dao dong chinh trén khung xe [5]-
Chinh vi véy trong nghién ctru ndy, nhom tac gia tién
hanh nghién ctru img dung phuong phap FRF dé thuc hién
phan tich dao dong két cau khung 6 t6 bus dudi sy kich
thich ctua ngudn dong co ddt trong. Két qua sau khi phan
tich dwoc so sanh ching thuc voi két qua thuc nghiém,
qua d6 nhén dinh tinh dung dén cua phuong phap FRF va
tinh kha thi khi 4p dung phuong phap FRF trong phan tich
dao dong két cu 0 t6. Pong thoi trong nghién ctru nay
nhdm tac gia thyc hién phéan tich co s¢ ly thuyet phuong
trinh vi phéan chuyen dong, thuc hién chuyen ('101 mién
thoi gian sang mién tan s0; C4c gid tri phan hoi vé do dich
chuyén, gia toc, van tdc dugc phan tich chi ré vang tan sb
kich thich cho két qua tbt nhét.

2. Co sé ly thuyét bai toan Frequency Response
Function (FRF)
2.1. M0 td toan hoc

Miic dii rt it cAu trdc trong thyc t€ ¢ thé duge mo hinh
héa bang h¢ thong mot bac tw do (Single Degree of
Freedom - SDOF). Tuy nhién cac thugc tinh cta h¢ thong
SDOF rat quan trong, Vi cac dac tinh cua hé thong nhiéu
béc tw do (Multi Degrees of Freedom - MDOF) ludn duoc
bicu dien dudi dang nguyén ly chong chat tuyen tinh trén
co so hé thong mot bac tu do [10].

Trén co so d6, xét dao dong cudng bue clia h¢ mot bac
tu do (SDOF) chiu kich dong diéu hod duoc thé hién tai

Hinh 1.
If(t)

Hinh 1. H¢ dao dong mét bdc tw do [10]

Phuong trinh cén bé’mg dong hoc co ban cua hé mot bac tu

do co ban duoc biéu dién vé mit todn hoc nhur sau [8, 10, 18]:
mX + cX + kx = f(t) ¢))

Trong d6, m: Ma tran khdi luong; c: Hé s6 can; k: Ma
tran d6 cung; f(t): Ngoai luc; x: vector chuyén vi phan hoi;
X: vector vén toc phan hoi; k: vector gia tbc phan hoi.

Ban dau céc tin hiéu vé chuyen vi (x), van toc (%), gia
téc (%) trong phucmg trinh (1) nim trong mién thoi gian,
cac tin hiéu nay dai dién cho luc kich thich va phan ung
nhu mot ham theo thoi gian. Mic du ¢d thé nhan dang cac
tham s6 bang céch sir dung dit li¢u mién thoi gian va dugc
phé bién trong phan tich hé thong diéu khién, tuy nhién
s6 lugng dir liéu do va tinh toan trong mién thoi gian
khong thuc té dbi voi cac hé thong phan tich két cau.
Ngoai ra, dit liéu mién thoi gian rat kho giai thich va hau
hét céc ky su phan tich dao dong déu 1am viéc trong mién
tan sb [21].

Vi vay can thiét chuyen d01 phuong trinh (1) tir biéu
dién mién thoi gian sang mién tan s6 ctia hé thong cau tric.
Mot phuong trlnh chuyen dong tuong duong dugc xac dinh
cho mién tan s6. Mién tan sb ¢6 wu diém 1a chuyén d01 mot
phuong trinh vi phan thanh mét phuong trinh dai s0. Didu
nay dugc thyc hién bang céch sau [22]:

+ Gia st nghiém x c6 dang:

x = X. el®t (2)

Trong do X.e* = X.[cos(wt)+i.sin(wt)]. Khi do, cac gia
tri van toc va gia toc dugc Xac dinh theo:
+ Van toc
ngzimXei“’t 3)
ac = -oX
+ Gia téc
d?x .
= W = —(DZ.X. e“"t (4)

Thay c&c phuong trinh (2), (3) va (4) vao phuong
trinh (1):
[-m. w? +1i.c.o + k]. X(w) = F(o) (5)

biat H(w) = -m.o? + i.c.o + k. Khi d6 phuong trinh (5)
duoc viet lai:

H(®).X(0) = F(o) (6)
<=> H(w) = Fw) (7
B ~ X(w)

~ H(w) dugc dinh nghia la ham dap tng tan s6 cua két
cau [19] (Frequency respone Function — FRF)

Input System Output )
—_—
Fiio) H(w) Xio)

Hinh 2. M6 td hé thong dap img tan sé [23]
2.2. Phan tich cac dang dé thi FRF
a. Po thi chuyén vi x
Phan tich phuong trinh (5) ta duoc:

X_ 1 8
F k- w?m + iwc (®)
X 1

= ©)

| _ 1
Fl  k
2\2 2 2
a5y e
n n
Trong do: on? =
[10, 18, 22].

~ Theo phuong trinh (9) ta c6 dac diém ham dap g tan
sO nhu sau:

k/im; ¢ = 2.m.on.C, ¢ - ty s6 giam chan

(i) Xet truong hop © << wy, khi d6 d6 16n cua dap tmg
tan s6 x4p xi bang tiém can, phuwong trinh (9) twong dwong:
X| 1 (10)
Fl 7k

(i) Xét truong hop o = on, khi d6 do 1on dap img tan
s0 14 cuc dai va chi bi gidi han boi dao dong tat dan trong
hé, phuong trinh (9) twong duong:

X _ 1
5l = 7K C an
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(i) Xét truong hop @ >> on, khi d6 d¢ 1on dap tng tan
sO xap xi bang tiém can, phuong trinh (9) twong dwong:

1
o —— 12
|F| w2. m 12)

D6 thi ham dap @ng tan s6 theo chuyén vi dugc thé hién
Hinh 3.

l/e’m

Hinh 3. Bé thi dép iimg tan sé theo chuyén vi [10, 24]

Nhin xét: Nhu vdy phan hdi cia mot hé thong o thé
dugc chia thanh 3 vung:

+ Dudi tan sb tu nhién: Phan hdi cua hé dao dong phu
thudc vao do cung

+ Trong viing tan s6 tw nhién: Phan hoi cua hé thong
phu thudc vao giam chan

+ T(én tan sb tu nhién: Phan hoi ciia hé thong phu thude
vao khéi lugng

b. P thi van toc x

Ngoai chuyé‘n vi X, ¢6 thé chon van tbc phan héi v(t) =x(t)
1am dai luong dau ra va hdm xac dinh dap tmg tan s6 [10]:

\%
Y(w) = (13)

Tuong ty nhu phan tich d6 thi dap éng tan s6 theo
chuyén vi, do thi dap ung tan s6 theo van toc ¢é dang nhu
Hinh 4.

©/2kE

nlxn Tén sb
Hinh 4. 6 thi dap img tan sé theo van téc [10, 24]
c. P6 thi gia te %
Tuong tu, c6 thé sir dung gia toc a(t) = x(t) lam thong

sO _phén hoi [10]. Do thi dap mg tan so theo gia toc duge

thé hién trong Hinh 5.
a
A(OJ) = F (14)

@/2kE |

T >
©n Tan s6

Hinh 5. B thi ddp img tan sé theo gia téc [10, 24]

3. M6 hinh nghién ciru
3.1. Poi twong nghién ciru
3.1.1. Théng s6 tong thé

Trong nghién ctru nay, nhdm tac gia tién hanh khao sét,
phan tich, danh gia dao dong khung xe Bus THACO
TB120S. Khung Body xe THACO TB120S duogc thiét ké
lién khéi (Full Monocoque). Xe trang bi dong co Diesel, 6

xylanh. Cac thdng sb k¥ thuét tong dugc thé hién tai Hinh
6, Bang 1 [25, 26].

Hinh 6. Téng thé xe THACO TB120S [25]
Bing 1. Thong s6 kj thudt xe THACO TB120S [25, 26]

Pt

Stt ‘ Hang muc ‘ Pon vi ‘ Thong sb
1. Kich thuée
Kich thudc tong thé (D x R x 12.180 x 2.500 x
1.1 0 mm 3,500
1.2 |Chiéu dai co s& mm 6.000
1.3 |[Khoang sang gdm xe mm 150
2. Pong co
2.1 [Tén dong co - WP9H336E40
e Diesel 4 ky, 6
2.2 |Loai dong co ) xilanh thing hang
2.3 |Dung tich xylanh cc 8.800
24 D_u(‘mg kinh x Hanh trinh mm 116 x 139
piston
2.5 |Cong suét cuc dai/Toc d6 quay| Ps/rpm 336/1900
2.6 [Momen xodn/Téc do quay | Nm/rpm | 1600/1000 — 1400

3.1.2. Md hinh khung xe

M6 hinh phan tr hitu han khung xe Bus THACO
TB120S duoc thuc hién véi su trg gidp cliia phan mém
HYPERWORKS. Pé nang cao tinh chinh xac trong bai
toan phan tich dao dong két cau, phan tir 2D Quad duoc wu
tién chon dé thuc hién chia ludi khung xe [18]. Toan bo
kich thuée khung xe, bién dang hinh hoc cua cac chi tiét
trén khung xe dugc giir nguyén dé qua trinh phan tich c6
két qua chinh x4c nhat. Thong sé ky thuat mé hinh phan tu
hitu han khung st Xi duge thé hién trong Bang 2, hinh anh
tong thé md hinh khung xe dwoc thé hién trong Hinh 7.
Trong nghién ctru nay, kiéu phan tir va sb lugng phan tir
dugc lya chon dya trén cac nguyén tic sau:

+ Toan bo khung xe buyt duoc lam tir thép hop va thép
tdm, ¢ d6 day hinh hoc ddng déu vi vay phan tir 2-d dugc
uu tién trong chia ludi cho mo hinh phén tich, ngoai ra tai
c4c vi tri md phong lién két nhur bulong hodc méi han phan
tir 3-d va 1-d duoc lya chon.

+ Bai toan phén tich dao dong khung xe thudc linh vuc
phan tich dong luc hoc (Dynamic Analysis) vi vy kiéu
phan tir t&r giac két hop véi tam giac (Quad + Tria) duoc
Iwra chon dé tao mé hinh phan tir hiru han.

+ Ddi vai kich thude ludi, can cir vao két qua kiém tra
diéu kién hoi tu ludi, tai nguyén thiet bi may tinh dung thue
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hién md phong, va két qua danh gia thyc nghiém twong g
dé lya chon kich thude ludi phu hop nhat. Trong nghién
ctru ndy, kich thudc 16n nhit 12 20 mm duoc lya chon. D6i
v6i cac vung hinh hoc c6 bién dang dic biét phuc tap thi
kich thudc Iudi 6 thé thay ddi cho phd hop.

Hinh 7. M hinh FE khung xe bus THACO TB120S
Chu thich: 1 — Mdng truce; 2 — Mdng hong RH; 3 — Mdng trdn;
4 — Mang sau; 5 — Mdang hong LH; 6 — Mdng san + Sat xi
Bing 2. Thong s6 md hinh FE khung xe Bus THACO TB120S

Tén cum | Kiéu phin Mass
Stt chi tidt tir Element Nodes kgl
Maing .
1| e Quad + Tria | 21151 20953 | 133
Mang hong .
2 |2y Quad + Tria | 58062 58279 | 273
3 |Mangtran |Quad + Tria | 129635 | 128279 | 45
4 |Mangsau [Quad + Tria 13946 13772 63
5 i’[Ha“g hONG\~yad + Tria | 58584 | 58754 | 275
Mang san .
6 |, iy |Quad+Tria | 435868 | 317265 | 1978
Téng ~717246 | ~597302 | ~2767

Khung xe Bus THACO TB120S dugc thiét ké véi nhiéu
maéc thép khac nhau. Trong d6, mac thép SAPH440 dugc
dung dé thiét k& chinh. Cac théng sé dic tinh mac thép
SAPH440 duoc thé hién tai Bang 3.

Bing 3. Thong sé vdt ligu mo hinh [28]

Stt Thogg;(')_lzzigllgu Ponvi | Giatri
1 |Khbi lugng riéng, p kg/m? 7850
2 |Modul dan hdi, E GPa 210
3 [Ty s Poisson, - 0,3
4 |Gi6i han chay, Su MPa | 275~305
5 |Gi6i han bén, Sy MPa 440
6 [P dan dai, Al % 29~35

3.2. Phan tich FRF bang phan tir hitu han

 Bai todn FRF c6 thé dugc giai bang phuong phép tryc
tiep (Direct Frequency Response Analysis) hoac phuong
phap gian tiép (Modal Frequency Response Analysis) [8],
[18], [29].

_ + Phuong phap tryc tiép: Tinh phan hoi FRF cua két cau
bang cach giai h¢ phuong trinh chuyén dong. Phuong phap
truc tiép hiéu qua vai mo hinh ¢ kich thich tan s6 cao.

+ Phuong phap Modal: Phuong phap nay str dung cac
hinh dang che do (Modal Shape) cta két cau dé tach cac
phuong trinh chuyén dong. Phuong phap nay thuong duoe
str dung cho cac md hinh 16n.

3.2.1. Phurong phép truc tiép
~Tu phuong trinh (1), (2), (3), (4), phuong trinh (1) c6
thé dugc phan tich thanh:
([k — w?. m] + iwc){x(w)} = {F(w)} (15)

Tan sé o la mot hang s trong phuong trinh (15). Do
do, giai phap truc tiép s& cho ra mot két qua x ‘g véi mot
tan s6 o nhét dinh. Trong phan tich dap tmg tan s6 theo
phuong phap truc tiep, phuong trinh (15) duoc gidi 1ap lai
cho mdi tan sb di chon.

3.2.2. Phurong phéap Modal

Dé giai mot bai toan dap tmg tan s bang phwong phap
Modal, budc dau tién can chuyén doi toa do vat Iy {x(w)}
bang toa &6 Modal {&(w)}. Khi 6 phép bién d6i duoc dinh
nghia [29, 30]:

{u} = [®]{g()}e'"

Trong d6, ®: Ché d6 hinh dang (Modal Shape)

Khi d6 phuong trinh chuyén dong (15) duoc viét lai (bo
qua giam chan c):

—w? [m]. {u} + [k]. {u} = {F(w)} 17)
& — o? [m]. [®]. {E(®)} + [K]. [@]. {&()} = {F(w)}
(18)

(16)

Nhan 2 vé phuong trinh (18) cho [®]™:

—w? [@]". [m]. [@]. {g(w)} + [@]. [K]. [®]. {&()}
= [@]". {F(0)} (19)

Trong d6, [®]'[m][®]: Ma tran khdi lwong Modal;
[®]T[K][®@]: Ma tran d6 cing Modal; [®]™{F(®)}: Vector
luc Modal.

Str dung thudce tinh tryc giao cua cac Modal Shape, khi
d6 hé phuong trinh (19) duoc viét lai nhu sau [29, 30]:

—w?.m;. & (0) + k;. & (w) = F;(w) (20)

Trong d6, mi: Modal khéi lugng thir i; ki Modal d¢
cting thur i; Fi: Modal lyc thu i.

Giai phuong trinh (20) tim dugc cac Modal chuyén vi
&i() va cac chuyén vi vat ly dugc tinh tir cong thic (16).
3.3. Két qua mo phéong
3.3.1. X&c dinh tan s6 cong hwong tai vi tri san xe khi chiu
lyc kich thich tir dong co

Nghién ctru cua R. Buzdzik va R. Dolecek [5]; T. T. H.
Tung vaT. T. Thai [7] da chi ra dong co dot trong la nguon
gay da(? doéng chinh trong hé dong luc, vi tri chiu dao dong
16n nhat tir kich thich nay 1a san xe. Trén co s& do, trong
nghién ctru nay nhom tac gia thyc hi¢n tinh toan, md phong
phan hoi cua khung xe Bus tai san xe khi chiu kich thich
bdi dong co tir 3 i tri: V1 tri 1 - San ghe tai; Vitri 2 - San
gilra Xe; Vi tri 3 - San cuoi xe.
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Hinh 9. V; tri dopha’n hoi

Ghi cht: NodelD 45020640 (v tri 1): vi tri do san ghé tai xé;
nodelD 44911526 (vi tri 2): vi tri do san giita xe; nodelD
44667843 (vj tri 3): vi tri do san cuoi xe

a. Két qua tinh toan phan hdi FRF vi tri san ghé tai

Vi tri ghe tai

A/

34 Hz

T
'
184 L
'
'

\
A
\\/

(] 3 10 s @ 5 E ES @ s 50
Frequency [Hz]

Hinh 10. D6 thi FRF tai vi tri ghé tai

yotem
39168401
[ Jasteon

3.046E+01
— 2511601
= 21766001
ERREZIER]

1.305E401
8.7036+00
43516400
4814605

Max= 3.916E+01
Grids 44279610
Min = 4.814E-05
Grids 56896270

Hinh 11. Hinh dang ché d@é céng hudng vi tri ghé tai xé

Nhén xét: Két qua phan tich FRF tai vi tri san ghé tai
cho két qua dao dong c6 bién do 16n tai ving tan s6 12 [Hz]
va 34 [Hz].

b. Két qua tinh phan hoi FRF vi tri san giira xe

San Giua xe

'
[ —— San giua xe]
]

]

'

2 ) % % E) 35 B @ a g E
Frequency [Hz]

Hinh 12. D6 thi FRF vj tri san giia xe

1: Model
Subcase 7 {MODE) : Mode 67 - F = 3,611532€401 : Frame 25

17506200
— 15006400
= 12516400
£ 10016400

7.512601
5.015601
2517601
1.9748-03

Max= 3.795E400
Grids 44280818
Min = 1.9746-03
Grids 44849001

Hinh 13. Hinh dang ché dg cong hudng vi tri san giiia xe

Nhan xét: Két qua phén tich FRF tai vi tri san gitra xe cho
két qua dao dong co bién do 16n tai vi tri ¢d tan s6 ~ 36 [Hz].

¢. Két qua tinh toan phan hdi FRF tai vi tri san cudi xe

Vi tri san cuoi xe

qum?ny[uz]
Hinh 14. P4 thi FRF vj tri san cudi xe

d
F=3.2539956401 : Frame 25

Subcase 7 (MODE): Mode 55
N

15038401
b
1314600

— 11288400

= satseor
8 2ss3e01

5691601
3830601
- 1.968£01

1.06202

Max= 1.503E401
Grids 3721520
Min = 1.0626-02
Grids 971694

Hinh 15. Hinh dang ché dg cng hiréng vi tri san cudi xe

Nhin xét: Két qua phan tich FRF tai vi trf san cudi xe
cho két qua dao dong c6 bién do 16m tai tan sb6 33 [Hz].

d. Panh gia cfng huwéng

Qua két qua phan tich FRF, nhan thy san xe tai 3 vi tri
phan tich ¢4 dao dong 16n tai ving tan s6 nam trong khoang
33 [Hz] dén 36 [Hz]. Néu tan so cua lyc kich thich (d6ng
co) trong khoang nay, san xe s€ bi cong hudng va gay ra
cac van dé lién quan t6i do bén va murc do thoai mai.

Xe THACO Bus TBlZOS sur dung dong co
WPIH336E40 4 ky, 6 Xy lanh. Tan so kich thich cua dong
co twong (rng vdi so vong quay dugc xac dinh nhu sau:

(21)
Trong do, i 1 s6 xylanh dong co; r 1a s6 vong quay ciia
truc khuy trong mét chu ky; n & s6 vong déng co trong mot
giay.
_ Tu (21) suy ra §6 vong quay cua dong co trong vung
tn s6 tir 33 [Hz] dén 36 [HZ] I&:
+ Tén sb 33 [Hz]: ny ~ 660 [vong/phut];
+ Tan s6 34 [Hz]: n; ~ 680 [vong/phut];
+ Tan s6 35 [Hz]: n3 ~ 700 [vong/pht];
+ Tan s6 36 [Hz]: ns ~ 720 [vong/phat].
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Nhu vay, dao dong ctia san xe 16n nhat khi dong co hoat
dong trong dai toc do tr 660 [vong/phit] dén 720
[vong/phut] — day la vung toc do tng voi tde do khdng tai
cua dong co.

3.3.2. Kiém tra thire nghiém két qua dao dong san xe

Kiém tra thyc nghiém dao dong san xe Bus do kich
thich cia dong co dugc thyc hién tai Trung 'tém R&D
THACO. Dao dong san xe dugc do bang thiét bi LMS
Test.Lab ciia Hang LMS, Siemens Group, Bi.

Cam bién do dao dong dwoc gin tai 3 vi tri trén san xe
twong ng voi cac vi tri duoc thyc hién trong md phong
FRF. Két qua do va phéan tich thuc hién trong diéu kién
dong co nd khong tai.

Hinh 16. Cam bién do dao dgng duwoc gin ¢ san xe
a. Két qua do dao ddng tai vi tri san ghé tai xé

0.022 0.0217 1.00

OF

AutoPow er SAN TAIXE+Z |

9
Amplitude
Amplitude

0.0073
0.0065

0.0037
70000
0.065¢-3| [12.0000 140.0000]

0.00 Hz

0.0033
419.0000( ,]0.00
500.00

279.0000

Hinh 17. D6 thi dao déng tai vi tri ghé tai
Nhén xét: Dao dong c6 bién do 16n & vi tri ghé tai tai
tan s6 12 [Hz] va 35 [Hz]
b. Két qua do dao ddng tai vi tri san giira xe

i
0.025) 0.0252]

{oF

AutoPow er SAN GIUA XE+Z |—

0.0191]

0.0150

[¢]
Amplitude
Amplitude

0.0073

0.
705.0000)
93.0000
I 82,0000
0.070e-3| |\ [35.0000[88.0000
0.00 e

3
&
o
8

I3
=]
o
Q
=]

Hinh 18. D6 thi dao déng tai vi tri san giita xe

Nhan xét: Dao dong c6 bién d6 16n & vi tri gitra xe tai
tan so 35 [Hz]
c. Két qua do dao dong tai vi tri san cudi xe

0.063e-3

=]
=]
S

OF AutoPow er SAN CAU SAU:+Z I‘
0021 0.0212 1 1.00
0.0188] R
0.0154 7
0.0144] i
o e
°r . e}
2 2
£ -HE
< <
I 0.0087) i
217.0000 ,

Hz

3
S
o
o
=]

Hinh 19. D6 thi dao déng tai vi tri san cudi xe

_ Nhin xét: Dao dong c6 bién d6 16n ¢ vi tri cudi xe tai
tan so6 35 [Hz]
3.3.3. Pdnh gia két qud md phong Va két quda thir nghiém

(i) M6 phong FRF cho két qua tai 3 vi tri trén san xe

tuong tng voi ving tan sé gay dao dong 16n nhu sau: Vi
tri ghé tai — 12 [Hz], 34 [Hz]; Vi tri san gitta xe — 36 [Hz];
Vi tri san cu6i xe — 33 [Hz]. Két qua phan tich cho thay, sy
dao dong cua san xe tai 3 vi tri nguyén nhan do luc kich
thich cua dong co khi hoat dong trong dai toc do khong tai
tur 660 [vong/phut] dén 720 [vong/phat].

_(ii) Thir nghiém do dao dong duoc thyc hién trong cung
dicu kién voi mo phong, nghia la cing vi tri do, va cung
diéu kién luc kich thich. Két qua tan s6 ¢6 bién do an dong
16n tai 3 vi tri san xe twong ung nhu sau: Vi tri ghé tai xé —
12 [Hz], 35 [Hz]; Vi tri san giira xe — 35 [Hz]; Vi tri san
cudi xe 35 [Hz].

4. Két luan

Bai bao thuc hién ing dung phuong phap FRF vao phan
tich dao dong khung xe bus THACO TB120S, ket qua duge
thyc hién so sdnh doi ching vai két qua thir nghiém:

+ Két qua phan tich FRF cho thay, san xe c0 bién do
dao dong 16n tai ving tan sb g v6i dai tbc do khong tai
cua dong co 660 [vong/phat] dén 720 [Vong/phut] Vung
tan s6 ¢6 kha ning gay cong huong cho san xe.

+ Tai 3 vi tri thuc hién phén tich FRF trén san xe cho
thy, két qua twong quan cao véi két qua thir nghiém, cu
thé: dao dong 16n vi tri san ghé tai tai tan s6 12 [Hz] va 34
[Hz] (chénh 1éch 1 [Hz] so v6i thir nghiém); Dao dong 16n
vi tri gitra san tai tan s6 36 [Hz] (chénh léch 1 [Hz] so v&i
thir nghiém); Dao dong 16n vi tri san cubi tai tan s 33 [Hz]
(chénh 1éch 2 [Hz] so vai thir nghiém).

+ Ung dung FRF va0 phan tich dao dong cua két ciu 6
t6 do tAc dung cua lyc kich thich 1& hoan toan phu hop, gidp
giam thoi gian va chi phi thiét k&, dong thoi nang cao ning
luc thiét ké 6 to.

Loi cam on: Cac tac gia chan thanh cam on Truong Dai
hoc Bach khoa-DPai hoc Ba Nang da tai trg mot phan cho
nghién ctru nay théng qua deé tai cé mé s6: T2022-02-33.
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