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Tab.1 The main parameters of the USV

130 kg

2.70 m

1.35 m

0.13 m’

1 0.10 m

Fig. 1 Structure diagram of the two-body USV 0.40 m
mli — vr + wq — x5(q* +12) + y,(pq — ) + 2,01 + )] = ¥ Xext (1
m[v —wp +ur — y(r? + p?) + z5(qr — p) + x5(qp + )] = T Yexe ()
Lyt + (Iyy — L)pg — (§ + 1)1y, + (@ — pD Ly + (rq — P)Ly + m[xg(¥ — wp + ur) — Yo (it — vr + wq)| = ¥ Newe
(3)

, Xg,
) [12-14] Ve ,
Usv , @~ 9
u, v, r, Y, s [15]

u= [X(u) + Xy vv? + X vr + X772 + Xprege + Xpright + (M + my) x vr]/(m +my) =fi (t, u,v, 7,9, X, yg) )
v =Y, v+ Yor + Y, vlv| + Y, w|r| + Yrlr] — (m +my) X ur]/(m + my) = fz(t, UV, 1,1, Xg, yg) (%)

; l
r= [va + Nyr + Nypr|r| + varvzr + errUTZ + (Xplefc — XPright) X E]/([zz +Jz) = f3(t: w,v, 1,1y, xg:yg) (6)

Y=r=Fftwv,rPxgys) (7) , 0.3~0.6 i p ,
Xg =ucosy —vsiny = fi(t,u,v,7,9,%5,¥) (8) 1.293 kg/m*; S  USV ;v
Yg = usiny + vcosyp = f6(t, w, v, 1,19, Xg, yg) 9
1.3 Rt A a# HEHRE F R AR MMG ;u v USV
A E DN > Uwinds Ywind u,v
Uusv usv USv 2.7 m; 1.35 m;
: 0.4 m; UsSv
F = ~cpSv?(N) (10) : ¢=0.5 (10), usv
, C , Usv ( C )
), , € (11) (12)
u ! Xuindu = 3 X € X p X Stront X (U + Upying)? = 0175 X (U + Uyyina)? (11)
v : Yindy =5 X € X p X Sgige X (U + Vyina)? = 0349 X (¥ + Vying)? (12)
: « ) , USV v, 0<yp<7,
> ; 3
, u s Uwind = Uwina * sSin(¥) ,
, 0.1 m Uttying=0 , u Xwindu ;
Lying = 0.1 m, N , 2 U+ Upind <0, Xwindu
(12) Yindvs N : v » Vwind = Uwinda * cos(y) ,
Nyind = Ywindy X Lwing = 0.0349 X (V + vying)? (13) YV + Vyina=0 , v ¥ indv ;
UuSv u R U+ Vyind < 0, Yyinav
u ; Usv u N, Nyind = Ywindv X Lwind >
, Uusv u, U+ Vyinga =0, Ywindy , Nwind
v , Y v + Vyind < 0, ¥winav » Nwind

Marine Sciences / Vol. 41, No. 8 / 2017 71



RS REPORTS

Y ; @~ (6)
U= [XW) + Xoyv0? + XypVr + X% + Xplese + Xpright — SIgN(U + Uwing) X Xyinau + (M +my) X vr]/(m +m,) =

filtwv,m, 9, X, 5,) (14)
v = [Y,v + Y1 + Yo ulv| + Yorvlr| + Yorlr| = sign(v + vying) X Yiwingy — (M + my) x ur]/(m + my) =

f(twv, 7,1, g, ¥g) (15)
7= [Nov + Nr + Negr 7] 4+ Ny 0?7 + Ny vr? + Sign (@ + Pyying) X Nwing + Kptete = Xerighe) X 5|/ Uz + Jza) =

fz (t, u,v, T, P, Xg, yg) (16)

2700
Baagitys AR
1311 L, S

ity AW R (RIS

208

2 ( : mm)
Fig. 2 Side-projection graph of the two-body USV (unit: mm)
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Tab.2 Simulation of USV’s maximum speed in different wind speeds

usv Usv ( (%))
( 0 m/s) ( 5 m/s) ( 10 m/s) ( 11m/s) ( 12 m/s)
50 0.5749 0.5007(12.9%) 0.2319(59.7%) 0.0786(86.3)%
100 0.6267 0.5579(10.9%) 0.3318(47.1%) 0.0814(87.0%)
200 1.035 0.9884(4.5%) 0.8688(16.1%) 0.7949(23.2%)
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Fig. 7 USV’s circular motion simulation and experimental results at a left thruster grade of 50, a right thruster grade of 100,
and a wind speed along the reverse direction of the Y axis of 4m/s
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Fig. 8 USV’s circular motion simulation and experimental results at a left thruster grade of 50, right thruster grade of 150, and
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wind speed along the reverse direction of Y axis of 4 m/s
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Abstract: Small two-body marine-monitoring unmanned surface vehicles (USVs) sail smoothly with a larger deck
and shallower draft than other common ships. USVs can be widely used in water environmental monitoring, engi-
neering surveying, and security patrolling. However, the motion characteristics of this two-body ship are significant
in complicated hydrodynamic environments and strong wind forces. In this paper, we studied the wind influence on
the USV by wind forces introduced into a dynamic model and used our model to predict the USV’s motion charac-
teristics induced by these wind forces. We found the simulation results to be fairly consistent with observed data.
As such, to further improve the USV’s working capability and control accuracy, we proved the usefulness of this
model for the development of a control algorithm for determining the USV’s adaptability under different wind en-

vironments.
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