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TOM TAT:

Bai bao gidi thiéu phuong phap sé tinh toan két hop giita phan tir chuyén dong va
phan tir bién dé tinh toan mo hinh hé ba bac ty do di chuyén trén mot két cau tim ndi. Dya
vao phu’ong phéap nay, cac tac gia da xac dinh dugc chuyén vi theo phuong ding ctia banh
xe di chuyen trén tam n6i. Pong thoi dya vao mo hinh, cac tac gla con khdo sat anh hu(mg
cuia thong sb vat liéu dén tmg xtr dong luc hoc ctia banh xe. Két qua nghién ctru cho thay,
chuyén vi cua banh xe ti 1¢ nghich voi h¢ sb can gia chuyén huong, h¢ sb can banh xe, do
cliing gia chuyén huéng, va do cling cua banh xe. Trong cac thong s6 khao sat, do cing
ctia banh xe c6 anh hudng nhiéu nhat dén chuyén vi ciia banh xe. Trong twong lai, nghién
ctru vé tng xir hé xe di chuyén trén mot két cau tam ndi bang phuong phap thi nghiém
can duoc thuc hién dé kiém ching su chinh xac ctia phuong phap tinh toan da dwoc dé
xuét trong bai bao nay.

Tir khéa: Mong giéng chim; tinh toan phan tir hiru han; phin mém Plaxis 2D.
ABSTRACT:

This paper presents a numerical approach with the combination of the moving element
method and the boundary element method to analyze the hydroelastic behavior of the
three-degree freedom system moving on a floating plate structure. Based on this approach,
the vertical displacement of a wheel moving on the floating plate has been determined.
Furthermore, the influence of material parameters on the hydroelastic of the wheel has
also been identified. The results of the study show that the displacement of the wheel had a
positive relationship to the drag coefficient of the bogie, the drag coefficient of the wheel,
the stiffness of the bogie and the stiffness of the wheel. Among the parameters observed,
the stiffness of the wheel has the most influence on the displacement of the wheel. In the
future, the study on the behavior of the three-degree freedom system on the floating plate
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structure by experimental evaluation should be conducted to examine the accuracy of the

calculation method presented in this article.

Keywords: Suction caisson foundation; finite element analysis, Plaxis 2D program.

1. Giéi thiéu

Mo hinh hé ba bac tu do di chuyén trén
mot két cau tam noi di dugc ing dung rong
rai dé tinh toén cho cong trinh c6 xe chay
trén mot cau noi, hoac may bay di chuyen
tren mot san bay noi, hodc xe chay trén cau
ndi, v.v. Hinh 1 bén dudi 12 vi du cu thé vé
san bay ndi Mega-Float tai vinh Tokyo -
Nhat Ban.

Hinh 1. Sén bay néi Mega-Float
tai vinh Tokyo - Nhdt Ban

Pé giai quyét bai toan trén, phuong
phap phan tir chuyén dong (Moving
element method, MEM) két hop v&i phan
ter bién (Boundary element condition,
BEM) duoc dé xuét. Phuong phap MEM
dugce dé xuat boi Koh, C., Ong, J., Chua,
D., & Feng, J. (2003) cho phép xay dung
bai toan trong mot h¢ théng toa do tuong
dbi, gan lién vé6i tai chuyén dong. Trong
khi d6, phuong phap BEM duoc ding dé
phan tich chuyén dong ctia chat long theo
Hamamoto, T., Suzuki, A., & Fujita, K.-i.
(1997). Phuong phap két hop MEM-BEM
da dugc st dung va mang lai mot sb két
qua ndi bat. Nguyén Xuin Vil va cac cong
su (2020) da khao sat tmg xir ctia tim ndi
composite dudi tac dong cua tai trong dong
bang phuong phap két hop phan tir chuyén

dong va phan tir bién boi Nguyen, X. V.,
Luong, V. H., Cao, T. N. T., Lieu, X. Q., &
Nguyen, T. B. (2020). Két qua cua nghién
ctru nay duoc kiém ching véi két qua tinh
toan bang trién khai chudi Fourier va biéu
thire tiém can (asymptotic expression) Két
qua nghlen ctru cho thdy rang, téc do di
chuyen cua tai trong anh hudng dang ké
dén chuyén vi ctia tim ndi. Bai bao két luan
rang, phuong phéap két hop MEM-BEM di
duoc gioi thiéu dau tién va da mang lai
hiéu qua trong vi¢c tinh toan Gng xu cua
tam noi composite.

Cho dén nay, chua ¢6 nhiéu nghién ctru
g xir tim ndi bang phwong phap két hop
MEM-BEM duoc thuc hién. Pac biét la
nghién ctru vé ing xur dong luc hoc cua hé
ba bac tu do di chuyén trén mot két cau tim
noi st dung phuong phap MEM-BEM. Vi
vay nghién clru nay dugc thuc hién nham
gidi thiéu rd hon vé phuong phap. Dong
thoi, dua trén két qua tinh toan, céc tac gia
s& khao sat chuyén vi banh xe theo phuong
dtmg cua h¢ ba bac tu do di chuyén trén
mot két cAu tAm noi.

2. Co s6 1y thuyét tinh toan hé ba bac
tu do di chuyén trén mot két cu tim ndi

Trong nghién ciru ndy, phan tir tim
duoc md phong véi ba bac ti do di chuyén
gdm than xe, gia chuyén hudng, banh xe
¢6 cac thong s6 lan luot 1a khéi luong thu
gon my,m,,m, do cting 10 xo k,k,,k,, b
giam soc ¢, ¢,,c;,, chuyen vi theo phuong
dung u,,u,,u,, van toc theo phuong ding
iy, 11,,1i5 , gia toc theo phuong dung i, i, , i,
va ¢ la gia toc trong truong. Mo hinh hé 3
bac tu do di chuyén trén mot két cAu tim
noi duoc thé hién ¢ Hinh 2 bén dudi.
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Hé gom ba bic tv do ¢6 dinh Xét can b.;ing 0 banh xe cua hé ba bac
Than xe m, Ju, tu do di chuyén:
ki§ Le, He thong treo phy k, (0, -uy) 1 1% (0,-u;)

Gid chuyén hudng m, I

k¢ Lc, Hé thong treo chinh § lu3
m,

Bdnh xe m, o
kis Lcs 1,8
Phan t di dén, s TIT . - -
ne, T/ Ky (0, -0u,) f {1 e @i, -i,)
¢m3 u,
Hinh 4. Xét cdn béing & bdnh xe ciia hé ba bac
twdo di chuyén
D4y bién . S
msu; — ¢, (”2_”3)_k2 (u2 —u3) (6)
Hinh 2. M6 hinh hé ba bdc tu do di chuyén trén mét =-myg—c, (i, —u, —u, )—ky (uy —u, —u,)
két cdu tdm néi

Xét can bang ¢ gid chuyén hudng cta

Xét can bang ¢ vi tri tiép xtc cia két . T . 2
& : P hé ba bac tu do di chuyén:

cau tam noi va h¢ ba bac tu do di chuyén:

ks (u;-u,-u,) c; (U5-u, -u,) k(o) [ o)
e
fuls
f, )
Hinh 3. Xét cdn bding vi tri tiép xuc cta két cau tdm k, (u, -u;) ¢, (0,-u3)
néi va hé ba bdc tu' do di chuyén hllz i,

Luc tuong tac gitra banh xe va két cau

tAm ndi Hinh 5. Xét cdn bdng & gid chuyén huéng ctia hé ba
béc tu'do di chuyén
So=c (b =, =i, )+ ky (0, —u, —u,) (1) myiiy + ¢ (1, =1ty )+ ky (5 —uy ) ¢y (i —1iy ) -
Trong d6, u,,u,1an lugt 1a chuyén k (u, —u,)=-m,g @)
vi va van toc tam ndi, «, 1a bién dJ, A, . ‘
la buéc song cia do go ghd tAm ndi, Xét cag bang O vitri than xe cua hé ba
u, =a, sin(2zx/4,) 1a chuyén vi phat sinh do bac tu do di chuyén:
bé mat tam noi. i
. S u,
myuy — ¢, (”2_”3)_k2 (”2 _”3)=_m3g_fc (2) m,
Vay hé phuong trinh cua hé 3 bac tu do ng
di chuyén la: ! o
k, (u;-u,) ¢ ¢ (u;-uy)
myii, + ¢, (i, =i, )+ k, (u, —u, ) =—m,g 3) .
m, U,
mziiz+c2(d2—b't3)+k2(u2—u3)— ) . " hebab
. . Hinh 6. Xét cdn bdng & vi tri thdn xe ciia hé ba bdc
¢ (=1t )=k (u, —u, ) =—m, g “) twdo di chuyén
Myl =, (uz _as)_kz (”2_”3)=_m3g_fc (5) myii, + ¢, (i, =, )+ Ky (u, —u, ) =-mg (8)
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Ta c6, phuong trinh dao dong cua két
cau dang x¢ét c6 dang nhu sau:

o*w ow ow
m +oV | = |+c=—=+D(V'w)+
ot* [6t) ot ( ) per

99

L ()5 (x-a) ©)

z=0

=—p

Trong do, ¢la ham thé van toc, w la
chuyén vi cta tam, pla khoi lugng riéng
cua vat liéu tam, D 1a d§ cing tru cia tam.

Phuong trinh chu dao ctia chuyén dong
cho mo6 hinh két hop cua ket cau tam nodi va
chat long:

M W

’L;.Ic{;dr _piLmHﬂ (10)

Trong do, M 1a ma tran khéi luong, K 1a
ma tran d¢ cumg, C 1a ma trdn can, f, la vector
luc tuong tac, @ 1a vecto chira tai cac diém
bién va w biéu thi cho vector gom chuyén
vi nit cta két ciu tim. Chi tiét vé khai trién
cong thirc dugc trinh bay cu thé trong nghién
ctru cua trudce day cua Tan, P. N., Vi, N. X.,
Than, C. T. N., & Hai, L. V. (2019).

3. Két qua phan tich sb

Xét két ciu tam ndi gdm c6 kich thude
(L, B, ), d6 cang tru EI/B, hé s6 Poisson
v cua tAm, khéi luong riéng P, , hé sb can
vat liéu a, chiéu dai mién khao sat L,h¢ sb
can do nhan tao », d6 sau vung nudc H,
khéi luong than xe m,, hé s6 can than xe <,
d6 cing than xe & , khdi lugng gia chuyén
hudng m,, hé s6 can gia chuyén huéng c,,
d6 cung gia chuyén hudng &, , khdi luong
banh xe m, , hé s6 can banh xe ¢,, d6 cling
banh xe k. Thong sb vat lidu cua két cAu
tdm ndi khdo sat trong nghién ciru nay
duoc trinh bay ¢ Bang 1.

ISSN 261 5-9945

Bang 1. Thong s6 két cau tam noi

Théng s6 Gia tri
Chiéu dai L (m) 2000
Chiéu rong, B (m) 1000
Chiéu cao, h (m) 2
Do cung try, EI/B (N x m) 1.764el1
Hé sb poisson, v 0.3
Khdi luong riéng, p (kg/m®) 256.25
Hé s6 can vt liéu, a (Ns/m?) 0
Chiéu dai mién khao sét, L (m) 500
Hé s6 can a0 nhan tao, y (Ns/m?) | 4.07e5
D0 sau vung nudce, H (m) 300

Tién hanh khao sat chuyén vi banh xe
theo phuong ding u, theo thoi gian dao
dong khi thay d6i cac gia tri cua tac thong
s6 nhu hé s can gia chuyén huéng c,, hé
sO can banh xe ¢,, d0 cung gia chuyén
huéng &, va do cimg banh xe k. Két qua
chuyén vi cua banh xe khi thay d6i hé sd
can gia chuyén hudng c, duge thé hién ¢
Hinh 7.
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Hinh 7. Chuyén vj bdnh xe khi thay d6i hé sé cdn gid
chuyén huéng c2

Qua phan tich chuyén vi ctia banh xe,
c¢6 thé thdy rang khi ting hé s can gia
chuyén hudng c, thi chuyén vi banh xe
giam. Pac biét 13, khi hé so can gia chuyén
huéng ¢, tang 1én 9 !é‘ln thi chuyén vi banh
xe giam 18.40%. Diéu nay dugc giai thich
1a khi hé s6 can gia chuyén hudng c, cang
16n thi nang lugng ti€u tan cho lyc can gay
ra cling ting, tr d6 giam chuyén vi cua
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banh xe. Tir két qua trén c6 thé két luan
rang, hé sb can gia chuyén hudng c6 anh
hudng dang ké dén chuyén vi ciia banh xe
khi hé chuyén dong.

Két qua nghién ctru anh hudng cua hé

s6 can banh xe dén chuyén vi banh xe duoc
trinh bay ¢ Hinh 8.
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Hinh 8. Chuyén vi bdnh xe khi thay déi hé sé
can bdnh xe c,

Két qua tir Hinh 8 cho thay rang, khi
hé sé can banh xe ¢, tang thi ’chuye;n vi
banh xe gidm. Cu the, khi hé s6 can banh
xe ¢, tang 9 lan thi chuyé:n vi banh xe giam
23.25%. Su gidam chuyén vi cua banh xe
dugc giai thich rang, khi hé s6 can banh
xe ¢, cang 16n thi nang luong ti€u tan cho
luc can gdy ra cling tang, tr d6 lam gidm
chuyén vi cua banh xe. Két qua nghién
ctru cho théy, hé sb can banh xe anh hudng
dang ké dén chuyén vi ctia banh xe khi hé
chuyén dong.
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Hinh 9. Chuyén vj bdnh xe khi thay déi dé ciing gid
chuyén huéng k
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Két qua nghién ctu anh hudng cia
do cung gia chuyén hudng cua xe k dén

chuyén vi banh xe duoc trinh bay ¢ Hinh
9 bén trén. Dbi v6i hé xe, khi do ctng gia
chuyén huéng k ting thi chuyén vi banh
xe giam. Cu thé 13, khi d cing gia chuyén
huéng ting 9 lan thi chuyén vi banh xe
giam 7.8%. Twong tu nhu két luan bén
trén, hé sd can banh xe k ¢ anh huong
dén chuyén vi ciia banh xe khi hé chuyén
dong. Tuy nhién, anh hudng nay la khong
dang ké.
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Hinh 10. Chuyén vi bdnh xe khi thay déi dé ciing
bdnh xe
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Két qua nghién ctru anh huong cia
d6 ctimg banh xe dén chuyén vi cia banh
xe duoc thé hién ¢ Hinh 10 bén trén. Dya
vao Hinh 10, c6 thé thay rang, ddi voi hé
xe, khi 6 ctng banh xe ting thi chuyén
vi banh xe giam. Cu thé 1a, khi do cung
chuyén huéng ting 9 lan thi chuyén vi
banh xe giam 88.22%. Qua phan tich, c6
thé két luan rang d6 cmg banh xe ¢ anh
huéng rat 16n dén chuyén vi cta banh xe
khi hé chuyén dong.

4. Két luan va Kién nghi

Trong nghién cru nay, phuong phap
phan tir chuyén dong két hop voi phan tir
bién dd duogc sir dung dé tinh toan hé ba
bac tu do di chuyén trén mot két cAu tim
nbi. Dua vao md hinh tinh toan, cac tac
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gia xac dinh chuyén vi theo phuong ding
ctia banh xe trén tim ndi. Pong thoi dwa
vao md hinh, cac tac gid con khao sat anh
huong cua théng sb vat liéu dén ung xur
dong luc hoc cua banh xe. Két qua nghién
ctru cho thdy, chuyén vi cua banh xe ti 18
nghich véi hé sé can gia chuyén hudéng, hé
s0 can banh xe, d6 cimg gia chuyén hudng,

ISSN 261 5-9945

va d¢ cing cua banh xe. Trong cac thong
sb khao sat, do cung cua banh xe c6 anh
huong nhiéu nhit dén chuyén vi ctia banh
xe. Trong twong lai, cAn c6 nhiéu nghién
ctru vé tmg xir hé xe di chuyén trén mot két
céu tam ndi bang phuong phap thi nghiém
dé kiém chung phuong phép tinh toan da
dugc dé xuat trong nghién ctru nay.
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