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TOM TAT

Hién twong dao dong chdt long trong xe bon choxang dau c6 thé gdy mat on dinh déng hoc,
lam ting nguy co mdt on dinh va tai nan, dong thoi tiém dn nguy co gdy 6 nhiém méi truwong. Nghién
cieu nay mé phong hién twong dao dong chat long trong xe bon ché xang dau, sir dung phwong phap
dong mé phong giita Simcenter STAR-CCM+ va Simcenter Amesim. STAR-CCM+ dweoc sik dung dé
mo phong dong chay chat léng bang phu’ong phap Volume of Fluid (VOF, ), trong khi Amesim mo
hinh hoa hé thong co khi ciia xe, bao gom hé thong treo va chuyén dong tong thé ciia thin xe. Hai
phan mém trao doi dir liéu thoi gian thwc qua giao thire COSIM NETWORKS, véi STAR-CCM+
cung cdp lwe va moment tir dao dong chat long, con Amesim cdp nhdt vi tri va van toc xe. Két qua
cho thdy anh hirong ciia toc do 1én do on dinh xe khi di qua doan dwong map mé dang séng. Nghién
cieu khang dinh hiéu qua cia dong mé phong trong phén tich da vit Iy, hé tro toi wu trong viéc danh
gid thiét ké xe bon va ndng cao an toan vin tdi.

Tir khéa: Dao dong chat long; VOF; Béng luc hoc; M6 phong s6; Pong mé phong.

ABSTRACT

This research investigates the fluid dynamic phenomena associated with the liquid sloshing
effect within tanker trucks, which can induce instability during vehicular motion, thereby elevating
the risk of accidents and environmental contamination. The study employs a coupled simulation
methodology integrating Simcenter STAR-CCM+ and Simcenter Amesim through a co-simulation
framework. STAR-CCM+ utilizes the Volume of Fluid (VOF) approach to model the free-surface flow
of the liquid, while Amesim simulates the vehicle's mechanical subsystems, including suspension
dynamics and overall kinematic behavior. Data exchange between the two environments is facilitated
in real-time via the COSIM NETWORKS protocol, with STAR-CCM+ providing forces and moments
generated by the liquid sloshing, which then fed to Amesim to update the vehicle's position and
velocity. The simulation results show the impact of vehicle speed on stability characteristics during
traversal of a sinusoidally varying road profile. The findings support the effectiveness of the co-
simulation approach in multi-physics analysis, offering a robust framework for optimizing tanker
truck design and enhancing transportation safety.
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1. PAT VAN PE

Dao dong chit 1ong trong xe bon chd
chat long (xdng, dau) 1a nguyén nhan giy mat
6n dinh phuong tién, dan dén tai nan giao thong
va 6 nhiém moi trudng nghiém trong tai Viét
Nam. Trong diéu kién ha ting duong sa han
ché, nhu mat duong gd ghé va khiic cua gat
trén Quéc 16 1A, hién tuong dao dong chét long
lam ting ap luc cyuc bd 1én thanh bdn, giy dich
chuyén trong tim xe, dic biét nguy hiém khi
phanh gip (0,4g) hoic vao cua (0,3g). Hién
tuong nay dugc cho 1a lién quan dén 12% su ¢b
mat 6n dinh xe bon [1].

Ngay nay, mo phong s6 try thanh giai
phap can thiét thay cho thir nghiém thuc té vén
t6n kém va rui ro, gitp phan tich hanh vi chat
long va phan g hé thong treo dé tbi uu thiét
ké xe bon. Tuy nhién, cac nghién ciru hién c6
con han ché. Trong nudc, nghién ctru ciia Phan
Ngoc Di¢n (2024) [2] sir dung Matlab/Simulink
cho thdy muc chat long 50-60% giy mét 6n
dinh nghiém trong, nhung chua xét dén chat
long nhét hay xe thuong mai. Véi cac nghién
ctru qudc té, cac nghién ctru tinh toan dong luc
hoc chét Ivu (CFD) nhu ctiia Chaudhari (2021)
va Younes & Younes (2015) [3], [4] cho théy
vach ngan giup gidm 80-90% luc sloshing,
song doi hoi tai nguyén tinh toan 16n va thiéu
phan tich trong diéu kién thyuc t&. Nghién ctru
cua Wasty et al. (2008) [5] chi ra sai s6 15-20%
trong mo hinh CFD — dong luc hoc, con Zheng
et al. (2017) [6] d¢ xuét bon elip dé giam dao
dong.

Dé khic phuc cac han ché trén, nghién
ctu dé xuit phuong phap dong mé phong
gitta Simcenter STAR-CCM+ va Simcenter
Amesim. STAR-CCM+ mo6 phdéng dong chay
chat l6ng bang phuwong phap VOF, trong khi
Amesim phan tich dong luc hoc hé théng 1D
gom hé thong treo, 16p va chuyén dong tong

thé. Hai phan mém trao d6i dit liéu theo thoi
gian thuc qua COSIM NETWORKS, tao nén
mo hinh da vat Iy toan dién mo ta sy tuong tac
giita chat 1ong va hé co khi.

2.COSO LY THUYET
2.1. M6 hinh ddng luc hoc chit 16ng

Viéc mo phong truong van tdc, phan
bd ap sudt qua viéc st dung phan mém STAR
CCM+ duogc dua trén cac phuong phép tinh
toan CFD. Phuong phap nay bao gdm cic
mod hinh mé phong dong chay hai pha (VOF),
Reynolds Averaged Navier Stoke (RANS).

2.1.1. Phwong trinh Navier-Stoke

Phuong trinh Navier-Stoke[7] 1a
phuong trinh dic trung biéu dién chuyén dong
ctia cac phan tir chit long trong khong gian,
phuong trinh d6 dugc biéu dién nhu sau:

DV
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Trong dé: p 13 ap suét; u, v, w 1an luot 1a
van toc theo cac phuong x, y, z.

2.1.2. M6 hinh dong chdy hai pha
Phuong phap VOF (Volume of Fluid)

duoc st dung cho mo6 hinh mé phong tuong tac
dong chay hai pha. Phuong phap nay biéu dién
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ti 1¢ thé tich ciia mdi pha trong mét 6 ludi, sau
d6 tinh toan tich phan cho toan mién mé phong.
Phan bd cuia cac pha va vi tri cua chl'mg duoc
biéu dlen bang mot truong ham ti 18 thé tich o,
v6i mdi lién hé sau:

o, =—+ (5)

Trong do, V. la thé tich ctia pha i trong
mot 6 ludi c6 thé tich 1a V. Tong ti 1¢ thé tich
clia tit ca cac pha trong cung mot 6 ludi ludn
bang 1:

ZN:a,. =1 (6)

Trong d6, N 1a tong s6 pha trong mién
mo phong Tuy vao ting gia tri cia o, ma ching
ta c6 thé nhan dinh luong thé tich cua pha do
trong mot 6 ludi xac dinh. Phuong phéap VOF
dugc trinh bay chi tiét trong tai liéu [10].

2.2. M6 hinh dong luc hoc 6 to

Nghién ctru st dung mé hinh 1/2 xe dé
phan tich tic dong cia sloshing 1én hé thng
treo va do 6n dinh xe. M6 hinh 1/2 xe xem xét
chuyén dong doc (z) va chuyén dong nghiéng
((p) cua than xe, vdi cac théng s6 chinh bao gdm
khéi lugng xe (m) khoi lu:orng treo trudc va
sau (rn m,), h¢ s6 giam chan (K), d6 clng 10
x0/16p (C, CL) md-men quan tinh (I), do map
mo mat du:orng (h,, h,) va khoang cach tr cau
trudc/sau dén tim quay (a, b).

Hinh 2. M6 hinh déng luc hoc doc 6 to

Céc phuong trinh dong luc hoc dugc st
dung bao gom:

« Phuong trinh vi phan chuyén dong
thang dimg Oz:

m i=F.+F,
{ w (7)
m = FCL _FC _FK
Trong do:
F. =C.(§—Z)
Fe=K.(£-2) (8)
F,=C,.(h=¢)

« Phuong trinh vi phan chuyén dong cta
than quanh truc Oy:

1.p=(F.,+F,)b—(F., +Fy)a )

Céc phuong trinh bao gém vén toc doc
ctia than xe (2), gia téc doc cua than xe (3),
chuyén vi doc ctia banh xe (&), van téc doc ciia
banh xe (&), gia téc doc cta banh xe (&), luc
16 xo tai hai truc (F ), luc giam chén tai hai truc
(Fp), luc giam chan tir mit duong (F.), gia toc

goc quay () [8].

3. MO HINH HOA BAI TOAN
3.1. Thong s ky thuat

Bai toan gia dinh véi xe c6 khdi lugng
bon chira duge tinh vao cung véi khdi lugng
than xe, di chuyén déu véi cac dai van toc 30
km/h, 40 km/h va 50 km/h — van toc tdi da cho
phép di lai trong cac tuyén phd hai chiéu va mot
chiéu c6 lan xe co gidi [9]. Xe chay 6n dinh
trong thoi gian 1s trudce khi di vao doan duong
¢6 map mo. Cac thong s ky thuat ciia mo hinh
xe duogc trinh bay trong bang dudi day:
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Bdng 1. Théng sé ky thudt ciia mé hinh xe.

Théng sb Gia tri

m, 2200 kg

m, 570 kg

m, 302 kg

a 2.25m

b 2.25m
I 8530 kg.m?
Cl1,C2 235000 N/m
KI1,K2 22260 N.s/m
CL1, CL2 293515 N/m

Lua chon thong s6 16p 11.00R20 cho ra
ban kinh thiét ké cua 10p 1a R, = 519 mm, ban
kinh 16p chju tai R, = 0.95xR =493 mm. Viy
véi chuyén vi cua tdm banh xe nang 1én so voi
vi tri ban dau mot gia tri lon hon ’AR =R -R =
26 mm, banh xe s€ khong con ti€p xic vdi mat
duong.

Bai toan xét dén truong hop xe di
chuyén vao doan duong c6 bién dang map mo
dang Sin, day 1a mot dang kich thich pho bién
duogc dung trong nghién ctru dao dong dong luc
hoc xe. Phuong trinh dudi day mo ta dang kich
thich nay.

z.(t)= Hsin(?t} (10)

Trong d6: H 1a bién do mat duong (m);
v 1a van toc clia xe (m/s); va L 1a budc song cia
mat duong (m).

Dbi véi mat duong tai Viét Nam, c6 thé
liy H = 10-20 mm va L = 1-2 m. Trong mo
phong nay, bién d¢ mat duong dugc chon la H
=15 mmvabudcsonglaL=1m.

3.2. Mé hinh dong mé phéng Simcenter
Amesim — Star-CCM+ [10]

Quy trinh gitra Star-CCM+ va Amesim
tich hgp mo phong CFD va dong luc hoc hé
thdng dé phan tich sloshing trong xe bdn chd
chét long. Amesim xdy dung mo hinh co hoc,
tinh toan chuyén dong tuyén tinh cta hé thong
treo va khung xe, truyén dir liéu qua server
trung gian dén Star-CCM+. Star-CCM+ sir
dung phuong phap VOF d& mé phong chinh
xac dao dong chat 1ong, phan tich ap suit va
luc tac dong 1én thanh bon trong cac diéu kién
nhu phanh gép, vao cua. Luc chat ong tir Star-
CCM+ dugc truyén nguoc lai Amesim qua giao
dién COSIM NETWORK, cép nhat mo hinh
dong luc hoc xe. Quy trinh nay doi hoi thiét lap
ludi tinh toan, didu kién bién va dong bo hoa di
liéu can than dé dam bao két qua chinh xac.

Mo hinh Amesim sur dung cach tiép can
da vat ly, tich hgp thu vién Planar Mechanical

va Fluids Library dé mo6 phong tuong tac giita
chat 16ng va hé thong treo.

| Chasyén dbi dirligu 201D

[CETTN — (=] |
0 { J vintée i
T EOe000 11
Trong lys T

COSIMNETWORK / 3
1 %0 vi giim chdn / s
O Kb hueg bich xe

0 \-\“‘

"“‘-‘_\_ ‘~{ B eimp eda lip I

] Chuyén dbitn hidu dla vio @
e . ¥
T Tinkgudiuvie

Hinh 3. So'do mé hinh hé thong treo trong Amesim

M6 hinh bao gdm cac thanh phan
chinh: Than xe Khdi PLMDBODO tir Planar
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Mechanical Library mo phong chuyén dong
hai chiéu (gia toc, goc quay) cua than xe dudi
tac dong cua luc sloshing. Kh01 nay chap nhan
lyc tuyén tinh va mo-men xoan tir cac cong,
v6i lyc hap dan dinh hudng doc truc YO nodi
v6i khéi PLMTO1DO chuyén doi tin hidu tir hé
toa do 2D sang 1D, ndi than xe v&i hé théng
treo. Hé thong treo bao gom khéi 16 xo giam
chan (SD0000A) va 16 xo (SPRO00A) dé mo
phong tinh chat dan hdi va giam chan. Khdi
MAS002 ( Khéi lwgng banh) mé phong chuyén
dong tuyén tinh ctia banh dudi tac dong cua luc
ngoai duoc ndi v4i khdi XVLCO1 chuyén tin
hiéu du vao thanh dich chuyén tuyén tinh, véi
van téc duoc xap xi boi phuong phép tré béac
nhat. Khéi SIGUDAOI tin hiéu dau vao, cho
phép dua vao dir liéu mip moé mat dudng theo
thoi gian, gitp tai hién thuc té kich thich mat
duong 1€n hé.

Hinh 4. Chia luéi mién chat long va biéu dién diéu
kién ban dau véi Star-CCM+ thuc hién tinh todn
CFD.

Dbi véi phuorng phap dong mé phong,
Star CCM+ giai phan dao dong chat 1ong vai
luong chat long 50%. Kich thudce ludi co so
duoc chon 12 50 mm. Két qua chia ludi voi
116693 6 ludi, 349104 mat ludi va 133909
diém ludi; cac vi tri bién duoc tao cac l6p ludi
layer nham tai hién chinh x4c hién tuong chét
1ong va vao thanh bon. Ludi bé mit va thé tich
mién chét long dugc hién thj tai hinh 4.

4. KET QUA VA THAO LUAN

4.1. Chuyén vi tim banh xe

Chusyie v) i o Shea phung 2 Chapéer e towwe 1hes phusrg ¢

\)‘\/ “;/ ‘lf‘})}

enngs

Hinh 5. Chuyén vi tam bdanh xe cau trudc.

Chuapin i s s Vs phoseray £ Chun o e s T gl 11333 8

Hinh 6. Chuyén vi tam bdanh xe cau sau.

Thoi diém gidy thtr 1, xe bat dau di
chuyén vao doan dudng mip mé dang sin va
c6 kich thich dao dong. Bién d cuc dai cua
chuyén vi tim banh xe so v6i vi tri tim ban dau
v6i ba truong hop xe di chuyén véi van toc 30,
40, 50 km/h c¢6 xu huéng giam dan, véi cau
trudc co gia tri lan luot la 5.45, 3.69 va 2.79
mm; twong tr d6i voi cau sau 1a 5.93, 4.07 va
2.95 mm. Khi vao giai doan 6n dinh, bién dao
dong cuc dai co gia tri trung binh véi banh xe
cau trudce cua ba truong hop lan luot 1a 3.04,
2.02 va 1.36 mm; gia trj voi banh xe cau sau la
2.26, 1.40 va 1.36 mm.

Két qua cho thay cac gia tri tim banh
xe bi nhic 1én so v&i vi tri ban dau theo truc z
luén nhoé hon khoang delta gitra ban kinh thiét
ké va ban kinh trung binh cta banh xe. Tir do,
ta nhan thiy banh xe van c6 kha ning bam mit
duong tt trong ca ba truong hop chay véi van
toc 30-50 km/h.

Xét mot khoang gid tri tir gidy thir 5 dén
5.5 trong khoang dao dong 6n dinh, gia tri cho
thdy chu ky dao dong cuia cac truong hop xe
chay véi van toc 30, 40, 50 km/h ¢6 xu hudng

giam dan, véi gia tri thu duge tir ca cau trudc va <~
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cau sau lan luot 13 x4p xi 0.12, 0.09 va 0.07 s.
Twr do cho thay, voi van toc cang 1om, tdm banh
xe dao dong vai tan s6 cang cao.

4.2. Goc quay than xe

Gox aghving thin se

04k rghidog i e (Roem 353 3)

Hinh 7. Goc nghiéng than xe

Xét dén goc quay ciia than xe theo truc
y, gia tri dua ra goc quay 16n nhét 1a tai thoi
diém xe bit dau di vao doan duong mép mo,
Vi cac trudng hop chay véi van toe 30, 40, 50
km/h ¢cé gia tri lan luot 1a -0.061°, -0.038° va
-0.028°. Bén giai doan dao dong 6n dinh, bién
d6 goc dao dong trung binh c6 gia tri dinh lan
luot 12 0.0228°, 0.0008° va 0.0030°. Gia tri nay
cho thiy trudong hop chay vai van toc 40 km/h
cho ra trang thai than xe la 6n dinh nhét so vai
50 km/h va véi van téc 30 km/h 1a bat on dinh
hon. Tuy nhién, cac gia tri goc nghiéng than xe
nay 1a khong 16n nén gan nhu khong gy mét
can béng dé tac dong 1én d6 an toan van hanh
Xe.

5. KET LUAN

Nghién ctru di trién khai mé phong
hién tugng dao dong chat long trong xe bon
ché xang dau trong diéu kién mat duong map
mo cua Viét Nam bang phuong phap dong md
phong giita cac nén tang mé hinh héa chét 1ong
va mo phong dong luc hoc 6 t6. Két qua cho
thiy phuong phap dong mé phong to ra vuot
troi trong viéc tai hién cac dao dong phi tuyén
va c6 kha nang tai hién twong tac phtrc tap gitra
tuong tac chat long va mé hinh dong luc hoc
xe, dac bi¢t trong cac diéu kién mat duong

phtrc tap nhu tai Viét Nam. Pay 1a co sé khoa
hoc hd tro thiét ké toi wu xe bon tai Viét Nam,
ddng thoi dong gop vao dinh hudng xay dung
tiéu chuan ky thuat an toan cho phuong tién
van chuyén chit 16ng nguy hiém. <
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