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Abstract: To suppress the swing of the payload, a kind of hanging plate anti-swing device was
designed, which reduced the length of the lifting rope and the swing of payload by using the
constant tension hanging plate. The kinematic equations of the payload were established under the
condition of whether hanging plate was provided, and the dynamic was carried out in Mat
l[ab/Simulink environment. The swing of the payload under different rolling angles was analyzed in
a comparative manner. The results showed that the in-plane angle reduced 60% and out -plane angle
reduced 55% of the payload in the case of the hanging plate.

I ntroduction

The ship-mounted crane is akind of rotary hydraulic crane fixed on the deck, mainly used for cargo
transfer between ship and ship, ship and port, in addition, the ship-mounted crane also plays a vital
role in the materials supply of military ship. However, the efficiency and safety of ship crane are
affected by the swing of payload due to wind, wave, current external environment and their own
manipulation in the process of ship crane operations. Therefore, it is very important for the safety
and efficiency of the ship crane operation to develop the dynamic model and dynamic analysis of
the marine crane payload system [1]. In the study of the dynamics of the crane system, there are two
commonly used dynamic model. One is to ssimplify the direct effect of the hull on payload to the
harmonic excitation of the rope hanging point on lifting arm. In fact, the payload is smplified a
gpatial swinging in this model [2-4]. The results showed that even in the planar motion of hanging
point, the payload can also make swing space under certain conditions, or even chaotic motion [5-6].
The second model is the ship motion and the swing of payload coupling analysis and develop the
multi-body dynamics model [7-9]. SCHELLIN T E put forward that hull and payload system can be
divided into two parts to consider [10], transfer the motion of the hull as an incentive of base, then
pass the incentive to payload.

Kinematic model of the payload

In fact, the crane itself exists mutual coupling of rigid body and elastomer. In addition, the crane
motion is aso subject to the interaction of the hull and the wind, wave, flow, inertial loads and other
externa loads, with strong nonlinear characteristics. In paper the ship is looked as an incentive
platform, to carry on the roll in order to facilitate the research the following assumptions are made.
The payload could be looked as particle and the quality of rope is negligible compared to the
payload the rope without elastic deformation the lifting arm of ship crane as rigid body without
elastic deformation ship motion in regular waves.

According to the above assumptions the spatial motion model of the crane payload system was
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developed, as shownin Fig. 1.
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Figure 1 The model of the ship crane payload system
Which each frame of reference coordinate system is defined as follows (Oo-XoY0Z0) asthe inertial
coordinate system, (O:-X1Y171) for positioning in the hull on the hull system, the initial state, the
inertia coordinate system and earth coordinate system is (O1-X1Y1Z;1) and (Oo-XoYoZo) overlap, the
ship six degree of freedom coordinate curve are motivated by the wave motion, (0».-X>Y>Z5) for
positioning on the base coordinate system origin O, for crane base and the intersection of hull,
coiling Z, axis rotation with the angle theta X>-Y> plate, the point p is located in the base coordinate
system (O»-X>Y>Z,) with O, point in overlap, y istheinitial Angle with the Z axis after the wire join
into stage Marine crane arm lifting point motion is mainly composed of the rotation of rotary disk,
the luffing of lifting arm and the motion of the hull. Through coordinate transformation, the
coordinate system on the base of the crane could be represented in the hull coordinate system,
transformation relation as follow.
u, =Tgp" )
In the formula the corresponding reference coordinates after coordinate transformation was
represented with superscript and subscript, u,= [x, y,z, 1] Tis the position coordinate which is the
base of the origin of O, in the hull coordinates system (01-X1Y1Z1), and p®?=[0 0 0 1]" is the
position coordinate which is base original point in base coordinates system, T as the coordinate
transformation matrix between the base coordinate system (0O,-X>Y2Z,) and the hull coordinate
system (Ol-XlY]_Z]_).
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Where x,2, v,2, z,» are the coordinates of the point O, in the hull coordinate system (O1-X1Y121).
Due to the motion of the ship, caused the lifting arm of motion of paralel attitude, but since the
hanging point of lifting arm and cargo are connected by wire ropes, only three displacements can be
transmitted to the payload to cause the swing of the payload, but the attitude movement is not
affected, so only need to derive the trandationa displacements of crane base, the expression as
follow.

=u +
u, =u, Huol_

)
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1o2= [X02 Vo2 202] | iS the translational vector of 0, in (Oo-XoYoZo), uo1= [X Y Z 5. 1, 1] " is the
motion vector of the hull, assuming that the ship motion isin aregular wave, considering only the
ship rolling and pitching, it can be assumed that the motion vector of the ship as follow.
T
u =0 00 h_ h_  Op

0 g) x y H . (4)
Under the condition of without considering the rotation of the crane, the crane as a whole as a
rigid body, a = 0, so the change of the coordinates of crane basis points can be represented by matrix

H asfollow.
€ 00 0 z, v,
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‘ (5)
According Eq.1-EQ.5
=(15*h,,-15%h, +35, 35%h, +15) ©
The coordinates of point B, E, F can be derived by using the coordinates of u; as follows.
1 B(x,,5,,2,) =( 15*h,, -1.5*h +456, 35*h +2.76)
P E(x,,,2,)=(-15%h, - 0.2, -L5%h, +393, 35*h +1.85)
-T'-F(xf, vp2/)=(L5%h, +02,-15%h,+3.93, 35*h,+1.85) -

By using the method of Descartes, the force analysis was carried out.
(1) Statics analysis of the hanging plate
The staticsanalysis inX, Y, Zdirectionis

E* (= )l (e 3 ) i)+ (- xa) s+ (5 2,) ) =0 (®
EX (v - ) o+ e v ) )+ B 5 (0= )+ (- 2) ) =0 ©)
Fl*((Zf T Z )/ldf' *+(z.- 2, )/lde)+F2*((Zh “z)l (20 2) /1) =0, (10)

(2) Kinematics analysis of the payload (With the hanging plate)
The staticsanalysisin X, Y, Z direction is

m)"Ch :Fz*(xd - X, )/ldh ) (11)
my, =5 (vo= vi)/la (12)
o= E (2, )l e @)

(3) Kinematics analysis of the payload (Without the hanging plate)
The staticsanalysisin X, Y, Z direction is

mxi =F* (xb =X )/th ) (14)
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my, =F* (v vl (15)

méh:Fz*(Zb'Zh)/th'mg. (16)

Thekinematic simulation analysis of payload system

According to the kinematics equations of the payload above, the simulation analysis of the motion
of the payload was carried out under the condition of whether hanging plate is provided in where
respectively therolling angles are 6°, 11°, 16°.

(1) The swing of the payload when the rolling anglesis 6°
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Figure 2 The swing curve of the payload when the rolling anglesis 6°

From Fig. 2 can be concluded that the ship rolling angle is 6° under the condition of no
anti-swing device, the maximum in-plane swing of the payload is 0.074m, the maximum
out-plane swing of the payload is 0.35m. Under the condition of anti-swing device, the
maximum in-plane swing of the payload is 0.031m, the range of anti-swing is 58.1%, the
maximum out-plane swing of the payload is 0.13m, the range of anti-swing is 62.9%.

(2) The swing of the payload when the rolling anglesis 11°
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Figure 3The swing curve of the payload when the rolling anglesis 11°

From Fig. 3 can be concluded that the ship rolling angle is 11° under the condition of no
anti-swing device, the maximum in-plane swing of the payload is 0.129m, the maximum
out-plane swing of the payload is 0.57m. Under the condition of anti-swing device, the
maximum in-plane swing of the payload is 0.058m, the range of anti-swing is 55.03%, the
maximum out-plane swing of the payload is 0.20m, the range of anti-swing is 64.9%.

(3) The swing of the payload when the rolling anglesis 16°
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Figure 4 The swing curve of the payload when therolling anglesis 16°
From Figure 4 can be concluded that the ship rolling angle is 16° under the condition of no
anti-swing device, the maximum in-plane swing of the payload is 0.24m, the maximum
out-plane swing of the payload is 0.81m. Under the condition of anti-swing device, the
maximum in-plane swing of the payload is 0.113m, the range of anti-swing is 52.9%, the
maximum out-plane swing of the payload is 0.39m, the range of anti-swing is 51.9%.

250

Conclusions

The kinematic model of the payload is established and the simulation analysis of the motion of the
payload is obtained by using Simulink when the rolling angles are 6°, 11°, 16°. According to the
results, the hanging plate anti-swing device can reduce the swing amplitude of the payload by 55%.
The effectiveness of the hanging plate anti-swing device is verified, it has a certain significance to
improve the safety and efficiency of ship crane.
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