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Research on Roll Stability Model of Partially-filled Tankers

YU Di, LI Xian-sheng, LIU Hong-fei', ZHENG Xue-lian, XU Yi
(College of Traffic, Jilin Univ, Changchun, Jilin 130021, China)

Abstract:In order to solve bad roll stability problem of partially-filled tanker in the process of steer-

ing, the liquid sloshing equivalent mechanical model and the partially filled tanker vehicle motion model

were developed. Two models were coupled by dynamics of solid-fluid interaction. Five different size pro-

portions of elliptical tankers cross section were selected to simulate, it is concluded that the tanker has bet-

ter roll stability because it has minimum sloshing force and moment, when long axis (2a) and short axis

(2b) of the elliptical is the ratio of 1. 5. The results provide technical support for the tanker’s driving roll

stability research and vehicle design.
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Fig. 1 The tank truck
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Fig. 2 The equivalent mechanical

modal for liquid sloshing

TEVR S8 7€ RBE BN XF T o [ 33 0 R T
AR 52 0 A0 3 R R 50 A

Fyzzﬁimmys, (D

M, = ”(211(, +moho) o+

2mil(¢+ym)h” — imgy (2)

AP om, R A bl B kgs o i AN R KL
Yo A TR AALAS s T Oy [ B Sl A L K
FikA R
1.00 .h/a = 0;
0.45,h/a = 0.5;
0.17.h/a = 1.0;
0.45,h/a = 2.0.
(3

I, +moh + D mh? =
n=1



42 IR R 2E i CA R B2E RO 2016 4E
R SCHR 1L ], X 45 ORE B () S 30 AT 17 OKS o mea, = F,—m.g,
KA S X AR SCHE 9T 48 A, X OKG B A iE 47 1 AR He b JLas = M, +M,, b
LRk lmuau =F,—m,g,
o[ T [ Dx T La, = M.
mo _ o 2a 2 2a . N . e N . e
Mgy e L P AU o A5, 1 6 2 A
[ 2 ) %J JE 5 s Ry 85 2805 £ 60 £ 0 52 JE 5 @, Sy AN 55 3805 2 00
4) 0 A 0 R B s FOOR S R TR Tz BB Lo AR
Lu=Cn—Dn/2,=h/2a . XOHE N BT T A2 BT s MR 8 R T A2 1R s MLl
miozlizw:ZQanh(gg) (5) &3 T = B 52 J7 5 M, Ol 55 350 & T 3% il
M “— ()’ ) Sy,

X FEN TR B M= plhe, kg h B BTE
FEoms L AR TE B msc N RERK B msp M IEN

AR kg/m”.

1,1
w2 +3§Z

2 O 2+ pgsinh (g &)— cosh (u ©)
2

N 2¢%tanh ( )

1 S 28tanh (u8)q,
: Zl ()’ /
wp = B8 tanh (u ) = 1.2.3,0 (D
ﬂzwnzlzg.... ()
M C#‘s b b ° b ’
h, 2 —cosh (O o
—= =1 . ’ *192933"';
h T Osinh (p )"

(9

_ 5 _ 8Mg [tanh (u {7
ko = e, szh[ (n O ],
n=1,2,3,"-. 1o,

o iw,” R E w0 B WA oy R AR L Hz s, F Ay
53 5y [ 5 o i e HoA kg T omm, Lk, F R, 53 5]
R B WA bl B O R R B AL
kg,N/m F1 m.

iz FH 93 6 2R G R ADLRE PR AR o B L T SE
2 (5) — 210D 1 7 1L TR 1 A 1 2850 SR I AR i AR 0k
Jal (8 27 R s B AT A R 8 ks g B T AR AL
1.2 FHHREFNRIEEERE

&l 3k W A AR 285 52 T 1 s R0, 3 3
V%= Wi | [ = i e | I o | B = A i}
4T AR AU A . =, F B, 23 ) s 3F 35 485
i 1 T AR R A L LORR L a3 )RR R R A
FVEE G O B B AR A S H R 1 s, RS
BA e BTy

l WPk E B
b

3 FHEMAKS
Fig.3 Vehicle’s roll situation
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Tab. 1 Specification of tanker in roll model

SHAR SR

me s SER R 6 500 kg

my s A BT 3500 kg

me s SEYII 3500 kg

hes » SERRTT B0 55 BE 1.6 m
Pea s B HR 0 1 1 0.72 m

Pres » SR D00 0 8 L.1m
P« A SEE 0 A OO0 v 0.45 m

F.=Fy +Fp +Fa+tFe.a =%,0 = ¢,
M, = (Fyq —Fo)l.+ (Fa —Fo)l +
M. g% @i (hes = hes) s
F,=Fy +Fy+Fa+Fo—(Fa+
Foo T Fa +Fe),
M, = (Fy —Fu)li+(Fq —Fo)l —
(Fga —Fae) i+ (Foa —Foo) i+ mygzuguhe s

ay = Zosa = Q.

(12)
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Tab.2 The geometry combination of uniform
cross section acreage elliptical
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a/m b/m L,

/m*

a/b=1.00 1.43 1.43 6.42
a/b=1.25 1. 60 1.28 6.46
a/b=1.50 1.76 1.17 6.47
a/b=1.75 1.90 1.09 6.51
a/b=2.00 2.03 1.02 6.52
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Tab.3 Specifications data of four Tankers
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/m® /(mm X mm X mm) ! /kg
Tankl 4.6 4500X1 480X 950 90 3 000
Tank?2  4~6 4 800X2 250X 1 400 80 3000
Tank3 4 4100X1720X1 150 90 2700
Tank4 3.8 4 200X 1 350 X1 060 90 3 000
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Fig. 6 Instantaneous maximum
moment of four tankers
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