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LOAD STABILISATION IN AN A-FRAME - A TYPE OF AN
OFFSHORE CRANE

The paper presents the dynamic model of an A-frame, which is a kind of an
offshore crane with a portal construction. The rigid finite element method (RFEM)
has been used in discretization of the flexible substructure. An application of optimi-
sation methods to define the drive function course of the hoisting winch is presented.
The goal of the optimisation is to ensure stabilization of the load’s position. In
order to achieve appropriate numerical effectiveness, the optimisation problem has
been solved for a simplified model of an A-frame. Comparison of numerical results
obtained for different types of objective functions and types of drive functions is
presented in the paper as well.

1. Introduction

Penetration and exploration of the sea floor is one of the modern methods
of civilizational expansion. Much of the petroleum and gas consumed by
humanity comes from undersea pools. Moreover, many oil and gas pipes,
as well as telecommunication cables, are nowadays laid on the sea floor.
Therefore, different deep-sea operations requiring sensitive accuracy (e.g.
rigging) must be performed more frequently. These operations are often done
from ships by using offshore cranes. Because the sea waves cause a motion
of the structure of the crane, the stabilisation and positioning of the load is
an important task in the design of such cranes. One possible example of this
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issue is the problem concerned with controlling the position of the cage of
a deep-sea remote operating vehicle (ROV) presented by Driscoll et al. [3].
It is important to notice that such vehicles operate at depths up to several
thousands meters.

There are many papers where dynamics and control of classical offshore
cranes with jib are considered, e. g. Li and Balachandran [12], Ellermann
et al. [4], Masoud et. al. [14]. A-frames are hardly ever a topic of scientific
papers. A-frames are produced on individual orders, but their significance in
trans-shipment, especially deep-sea operations, is undeniable. Dynamics and
control of this kind of cranes have been discussed in a doctoral thesis [5].

In the paper, two dynamic models of an A-frame are presented. In the first
one, the flexibility of a frame is taken into account, while in the second one
this flexibility is omitted. In both cases, the flexibility of rope is considered.
The classical rigid finite element method (RFEM) has been used to discretise
the frame. The algorithm of optimisation of the drive function for the drum
of the hoisting winch is proposed. The goal of the optimisation is to ensure
the stabilization of the load’s position, i.e. to hold it at the required depth
regardless of the ship’s motion. In order to achieve appropriate numerical
effectiveness, the optimisation problem has been solved using a simplified
model of an A-frame.

2. A-frame model

Fig. 1. A-frame scheme
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The scheme of an A-frame and the most important points of it are pre-
sented in Fig. 1. The following denotations are used: F — supporting structure,
P — pulley, R — rope, H — drum of the hoisting winch, L — load, Sg, S; — right
and left servomotor forces, Ng, N; — connection points of servomotors to the
A-frame, Ag, Az — connection points of the A-frame to the deck, xz1,XF2,XF3
and xp,xp2,xXp3 — coordinate systems assigned to the supporting structure
(frame) and to the deck, respectively.

In the formulation of equations of motion of the system (A-frame), ho-
mogeneous coordinates and transformations have been used (presented in
details in Craig [2]). In this method, coordinates of point P determined in the
coordinate system {A} can be expressed in coordinate system {B} (Fig. 2.) as:

rp = 4T 1y, (1)

T
where ry = [ Xgp Xgp Xz 1 ] vector of coordinates of point P
in system {A},

T
Ip = [ X Xpy Xpy 1 ] — vector of coordinates of point P

in system {B},

f T = — matrix of transformation,

A/B
AR 1y
0 1

/B _[ A/B  _A/B _A/B ]T

0 X7 x"T X vector describing the position of

the origin of coordinate system
{A} in system {B},
R — matrix of rotation.
Euler’s angles ZYX have been used to describe the orientation of system
{A} with respect to {B}. The choice of angles describing this orientation
influences the form of the rotation matrix 2R.

Fig. 2. Coordinate transformation from the system {A} to {B}
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Detailed forms of transformation and rotational matrices for the model
have been presented in [5].

The frame is the main element of the supporting structure in such cranes.
In order to discretise the frame, the rigid finite element method can be ap-
plied. The rigid finite element method is presented by Kruszewski et al. [11]
and Wittbrodt et al. [15]. Let us consider a prismatic beam. First, the beam
of length L is divided into m sections of equal length. Flexible features of
the elements are concentrated in spring-damping elements (sdes), which are
placed in the middle of the elements of length A (Fig. 3a). In the secondary
division, the flexible link is replaced by m+1 rigid finite elements (rfes)
numbered from 0 to m, and m sdes numbered from 1 to m (Fig. 3b).

L
a)
A A A A A
D X K X K
b)
tfe (0)  rfe (1) e (i) rfe (m )

g —

sde (1) sde (2) sde (7) sde (i+1) sde (m)

Fig. 3. Discretisation of a beam: a) primary division into elements with finite dimension in order

to determine parameters of sdes, b) secondary division

The basic parameters of the sde are values characterising spring and
damping features. These are, for spring features of the sde, three coefficients
of translational stiffness and three coeflicients of rotational stiffness. The
damping features of the sde are also defined by three coefficients of trans-
lational damping and three coefficients of rotational damping. The stiffness
and damping coeflicients of the sde, in which all such features of a beam
segment with length A are concentrated, are determined on the basis of the
assumption that a real segment of the beam will deform in the same way
and with the same velocities of deformation as the equivalent sde under the
same load. The detailed considerations for a prismatic beam are presented
in [15]. There the Kelvin-Voigt rheological model is used. For translational
and rotational coefficients the following formulae are obtained (Fig. 4):

2)
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Fig. 4. Sde equivalent to features of one segment from primary division of a beam:
a) longitudinal; b, ¢) shear; d) torsional
GA  _7A -
Cx, = —— —
2 K2A ’ 2 KZA ’
GA  _TA @
C = —, R
. K3A s K3A
GJy nJo
Cor = A 4 d‘#l A ’ (5 )
GJ, nJ>
C‘PZ = A 4 d‘PZ A > (6)
GJs J nJ3 e
C = )
P3 A X3 A

where E is Young’s modulus,
A 1s cross-section,

n is normal damping material constant,

G is shear modulus (Kirchhoff’s modulus),

77 is a material constant of tangential damping,

K2, k3 are coefficients of cross-section shape, e.g. for a rectangular cross-
section this coefficient is equal 1.2,

Jo 1s polar moment of inertia of a cross section,

J>, J3 are second area moments of inertia of a cross-section with respect

to axis X, and xz.

More information, also for other shapes of cross-section e. g. open pro-

files, can be found in [15] and [11].
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In our previous works [5] and [8], at first three beams were distinguished
(right-1, top-2, left-3) in the frame. Thus, the subsystems modelled have
been treated as rectilinear beams with constant or variable cross section.
Then, each beam was divided into rigid finite elements and spring-damping
elements, Fig. 5. This necessitates taking into account the reaction forces
and moments at points By and Bg, and increases the number of constraint
equations. This approach is described in [5].

Fig. 5. A-frame divided into three beams which were divided into rfes and sdes

In this paper, we present a different approach. The frame is treated as
one beam, which is divided into rfes and sdes. The obtained chain of rfes
and sdes is presented in Fig. 6.

The position of each rfe of the undeformed beam is defined by the
coordinate system £{i} with respect to the coordinate system {0} of rfe 0, by
a transformation matrix with constant components:

Y@, Ys;
OTi: E™~t  EMI , 8
E 0 1 ®)

where OEG),- is the matrix of cosines of the system E{j} with respect to {0},
and OEsi is the vector of coordinates of the origin of the system Efi) in {0}
(Fig. 7). The coordinate system {i} rigidly attached to the i rfe moves to-
gether with rfe i/ when the beam is deformed. Its position in the coordinate
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@ew

rfe(n,)
SL

Fig. 6. A-frame as one beam, and its division into rfes and sdes

system £{i} is defined by generalized coordinates of the i element, which
are the components of the vector:

X;

, 9
é; ®

q; =

T T
where x; ; = [ Xi1l Xi2 X3 ] and ¢; = [ Qi1 iz $i3 ] are vectors of
displacements and rotation angles presented in Fig. 7.

{0}

Fig. 7. The systems of i" rfe and generalized coordinates
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If we assume that angles ¢, ; are small, then the transformation matrix
from local coordinate system {i} to the system E{}} takes the following form
[15]:

1 —@i3  Qi2 Xl
®i3 I -1 xi2
T, = ’ ’ ’ =1+ Dqi ;, (10)
—Qi2 Qi1 I xi3 Z I
0 0 0 1

where 9y = Xij } for j=1,2,3,

qij+3 = $ij

0 0 01 00 0O 0 00O

0 0 0O 0 0 0 1 0 00O
D] - s D2 - ’ D3 - ’

0 0 0O 00 0O 0 0 01

00 0O 0000 00 0O
00 0 O 0O 010 0O -1 0O
D, = 00 -1 0 . Ds = 0O 0 0O D= 1 0 0O
01 0 O -1 0 0 O 0O 0 0O
00 0 O 0O 0 0O 0O 0 0O

The transformation matrix B; that allows us to transform coordinates from
the local coordinate system {i} to the inertial coordinate system {} according
to the relation:

r = B,’ r;, (11)

where r; is a vector of coordinates in local system {i},
r is a vector of coordinates in base system {},
has the form:

B; = Bi(t,q) = Tp Tr OT; T, = A(t) Pi(q)), (12)

where Tp = Tp(¢) defines the motion of the ship deck with respect to base
system {},
Tr = Tr(e(t)) describes the rotation of the frame in the coordinate
system of the deck {D},
9T; = const is defined in (8),
T; = Ti(q;) has the form presented in (10),
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A@®)=TpTr,
_o0
P, =T, T.

In the case when the axes of local coordinate system {i} are chosen as
principal central axes of the rfe, the mass and inertial features of the i rfe
are defined by: m; its mass, and J; ; (j = 1, 2, 3) which are mass moments
of inertia with respect to axis X ;.

The equations of motion of the system considered can be obtained from
Lagrange equations. This approach requires the kinetic and potential energy
of the system to be defined. The kinetic energy of the i’ rfe can be calculated
as:

1 . .
E; = Etr{Bi H; B}, (13)

where tr{} denotes the trace of matrix {},
H; is the pseudo-inertia matrix defined in [15].
Following the considerations presented in [15], one can obtain:

d OE; OE; .
——— -7 =M +e, 14
dt0q; 9q; dire (19

where M; = diag{m;, m;, m;,J;1, Ji2, Ji3},

. . .o o T
eiaj = ei,j(ta qia ql) = tr {B[,]‘Hl‘ [AP, + 2AP1:| }’

oP; oP;
B,,=A —, — :OE T,D; = const.
" 0qi;  0qi;
The kinetic energy of the frame is:
E=) E, (15)
i=0
where n = n; + ny + n3 + 1, and it is possible to calculate:
d OE OE
- = M da =+ s 16
4104,  0qr FQr + € (16)
where My = diag{My, ..., M,},

T T

T
eF:[eg en] , qF:[qOT q,{]
The potential energy of deformation of sdes can be expressed as follows
[11]:
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1

Vi = EqIT:KFQF, (17)

where Ky is the stiffness matrix with constant coefficients. Similarly, one
can calculate the dissipation of energy as:

I, .
Dr = Eq;LFQF, (18)

where Ly is the damping matrix with constant elements. From what has been
written above, one can calculate:

G = Krar. (19)

o = L 0)

The potential energy of gravity forces of the frame can be calculated as:
n

vi= Z m;g 63 B;rc;, (21)
i=0

where g is acceleration of gravity,
;=10 0 1 O],

re;=[0 0 0 1]

So:

—£ =Gy, (22)
where Gr = [Gg G,f],
G, =[Gi1 ... Gigl,
Gij=m; g0;D;rc,,
D; is defined in (10).

ENERGY OF LOAD AND DRUM OF THE HOISTING WINCH
The load is modelled as a particle. The vector of its generalized coor-

T
dinates is expressed in the following form q; = [ Xr1 XL2 XL3 ] . The
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angle of rotation of the drum of the hoisting winch is denoted as ¢y. Kinetic
energy of the load and the drum can then be calculated as:

1 ) 1 )
Tg = >ML 7+ > 1n @ (23)

where Iy is the moment of inertia mass of the drum,
2 _ 2 2 2
}"L = 'xL,l + xL,Z + XL,3.

Potential energy of the load is determined as:

Vi=my gxL3. (24)
ELASTIC DEFORMATION OF THE ROPE

upper beam

LD (XL,I ’xL.2xL,3)

Fig. 8. Rope system

The rope system of the A-frame is presented in Fig. 8. It is assumed
that radii of pulleys are small compared to the dimensions of the whole
mechanism, and also that the rope passes through points S and H — centres
of the pulley and the drum, respectively. Because the radii of pulleys are small
and the length of the rope may be hundreds of meters, this simplification can
be seen as admissible. Potential energy of elastic deformation of the rope
and its dissipation can be expressed in the following forms:

1

VR = ECR(sRA?Q’ (25)
1 .

Dy = —dgrérAZ, (26)

2
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0if Ap <0
where 0 = . )
1 if AR >0
du
Ag = |LS|+|SH|_IO_§0H7,

ILS| = |rp —rs],

ISH| = |rs —rql,

ErFpr

Cr = — stiffness coefficient of the rope,

dr - damping coeflicient of the rope,

lp, I — initial and current length of the rope, respectively,
Er — Young’s modulus of the rope material,

Fg — cross-section of the rope,

dy — diameter of the drum.
MOTION EQUATIONS

The vector of A-frame generalised coordinates can be presented in the
form:

q= [ a4r } , 27)
qr
where qr is the vector of generalised coordinates of the discretised frame de-

. T . .
fined in (16) and vector qg = [ XL1 XL2 XL3 PH ] contains generalised

coordinates of the load and the angle of rotation of the drum.
Then the equations of motion of the system can be written as:
Mg+ Lq+Kq=Q+DR (28)
My 0 ]

where M =
0 M,

M, = diagimp,my,my, Iy},

L=

LFO’K:KFO,
0 O 0 O
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F
oV, 9Vgx 0Dy
- - - —ef
Q=| 94 dar 94r
Ve 9V, 0D, ’

Oqr  Oqr  OqQg

D, R are matrix and vector of reaction forces,
8VR 6VR 6DR aDR

. dqr’  Oqr’  0qr g
linear terms.

Forces of reactions on the frame are presented in Fig. 6. Vector R of
generalised forces then specifically includes:

can be calculated as in [5] and involve non-

) T
reaction Ry; = [ Ryt Run Ry ] ,

. T
reaction RA'R = [ Rup1 Rurz Rars ]
and forces in servomotors S; and Si.

These forces can be written in the vector form:

T
R=[s: 5. R R} |. (29)

Finally, the mathematical model of an A-frame has been written in the
form of a system of differential equations of the second order (28) and
constraint equations in acceleration form:

D'g=W, (30)
whereW = W (q, q).
3

In these equations, there are: n, = Z 6 (1 + n) + 4 (components of vector

k=1
q) plus ng = 2+2-3 = 8 (components of vector R) unknowns. So, the number

of unknowns is equal to the sum of number of equations (28) and (30).

In the method presented, the mass matrix M is a diagonal matrix with
constant elements. This enables us to apply algorithms presented in [15] and
reduce the calculation time.

3. Optimisation problem

One of the major problems connected with the design and control of
cranes is the choice of the drive functions which ensure proper motion of
the system. In the A-frame case, a very important problem is the stabilisation
of load position, regardless of motion of the ship caused by sea waves. Using
the drive of the drum of the hoisting winch, we can try to solve this problem.
Time courses of drive functions can be defined in the optimisation process.
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In this paper, the objective function is assumed to be in one of following
forms:

Tk

Q = f[xm — h]?* - min, (31)
0

Q, = max |x;3 — h| > min (32)
0<t<ty

where x; 5 is load coordinate,

h is required depth.

This means that one expects that as the result of optimisation the course
of function ¢ () will be obtained which minimises the average or maximal
value of deviation of load position from the required amount. During the
optimisation process, the parameters of ship hull movement and coordinates
of the winch position have been assumed to be known.

In the paper, we assume that function ¢y describes the rotation angle of
the winch drum has either the form presented in [5]:

(,OH(Z‘) = al-t3 + bifz +cit +d;, forte<t_q,t >, (33)

where i =1,...,m,
a;, b;, c;,d; are coefficients taken as shown in [1] for spline functions of
the third order,
t; is point in interval < 0, #; > (Fig. 9),
or in [13]:

n
on(t) = Ao + Z A; sin (w;t + @), for t €< 0,1 >, (34)
i=1
where
A; — amplitudes,
w; — frequencies,
a;o — phase angles.
As the decisive variables in the optimisation task we can choose:

T .
X = [gooH, (,0}1, e, goﬁ] (see Fig.9) (35)

in case (31), i.e. when spline functions are applied, or:

X = [AO’Al’wl’al,O" . -,An’wn’ a’n,O]T (36)

in the case when a pseudo-harmonic response is assumed.
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Py

Fig. 9. The decisive variables

In either case, at every step of the optimisation, the equations of motion
of the system have to be integrated for ¢ € (0, #) in order to calculate the
value of the functional Q;, from (24). Such an approach requires high nu-
merical efficiency in solving A-frame equations of motion. For that reason
the optimisation problem has been solved for the simplified model of an
A-frame.

X1 X1, X102, XL,3)

Fig. 10. Scheme of the simplified model

In the simplified model of an A-frame, ideal stiffness of the frame has
been assumed. The rope as the most flexible part of the system essentially
influences dynamics of the load. Thus, the flexibility of the rope has been
taken into consideration. However, it should be underlined that flexibility of
the frame and servo-motors can be significant. Doctoral thesis [5] presents
problems of stabilization of the load at the given depth where this flexibility
is important. However, in some problems, the flexibility of the frame can
be neglected, which is the case for the model presented in Fig. 10. The
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water damping ratio has not been taken into account. Ship motion has been
assumed to be determined, by known functions:

xc1 = xc,1 (1)
yea =Yyca ()
z2c3 =2c3 (1) (37)
®x1 = @x1 (1)
$x2 = ¢x2 (1)
Px,3 = Px3 ()

This means that matrix Tp from (11) has the form:

CPx3CPx2  CPx3SPx25Px1 — SPx3CPx 1 CPx38Px2CPx 1 + SPx,35Px,1 Xc,1
Tp = SPx3CPx2  SPx38Px25Px,1 T CPx3CPx1  SPx35Px2 CPx1 — CPx3SPx1  XC2 ’
2% CPx28Px,1 CPx2CPx 1 Xc3
0 0 0 1
(38)

where cp=cosp and s@=sing.

The frame angles are assumed to be constant.

Kinetic and potential energies of the system can be expressed in the
form:

1

T = 5mL( {7y Xy XD 5), (39)
1 2
V = EéRCRAR +mpgxrs, (40)
1 )
D= E(SRa'RAR, (41)

where Og, cg, dgr are defined in (26),
Agr = |DB| + |BN| - l() + QHTH.

Lagrange’s equations of the second order have been used to determine the
equations of motion of the system. The details are presented in [6]. These
differential equations of the second order have been integrated using the
Runge-Kutta method. The Nelder-Meads method has been applied in order
to solve the optimisation task.
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4. Numerical simulations

It should be mentioned that the numerical model of the A-frame pre-
sented in section 2 has been used in the Norwegian company TTS-Aktro
from Molde for a fast analysis of forces and stresses at the initial stage of
choosing parameters of the system and for cost calculations. In order to
verify the model, the results obtained using our program (RFEM) have been
compared with those obtained using commercial FEM program (NASTRAN
package) [7]. Static analysis has been carried out for a model prepared with
a Hyper Mash package using shell elements TRIA3 and QUAD4. Volume
elements HEXAS8 have been used to model a cylindrical eye of the frame
while the connection of the frame with pivoting point has been modelled us-
ing CBEAM elements. Calculations carried out using NASTRAN have been
much more time consuming in comparison with the authors’ programme and
it was due to a large number of elements used in discretisation of the frame.
There have been compared reactions in joints, stresses and deflections of
beams obtained. Some examples are presented in Fig. 11.

800 ‘ 0.6
FEM =
— E
5600—\ o RFEM Eou /\
3 400 - El ~
g g 02 . ——FEM -
= 200 ° é = o— RFEM oy
0 ‘ 2 o0 ] — |
00 100 110 120 130 140 -6200 -4000 -3000 -2000 0 2000 3000 4000 6200
Inclination of the A-frame [deg] Displacements on the top beam (2) [mm]

Fig. 11. Comparison of FEM and RFEM models

Dynamic analysis has been carried out by ADAMS-ANSYS package.
Primary discretisation of the frame into 1536 SHELL63 elements has been
done using ANSYS. Connections of the frame with the deck and servo-
motors have been modelled using 97 BEAM4 elements. Having performed
the modal analysis the model has been transferred to ADAMS. 30 modes
have been considered in further calculations. A comparison of the results
obtained using RFEM model with those from ADAMS-ANSYS systems in
dynamical conditions can be found in [5] and some of them are presented in
Fig. 12. Small vibrations seen in the graph are due to the fact that damping
has not been taken into account in the numerical model.

Numerical simulations related to the load stabilisation problem have been
carried out for the rectangular A-frame with lifting capacity up to 100 Mg.
The main geometrical parameters of the crane are presented in Fig. 13.
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3 b)
520000.0
—— ANSYS-ADAMS 21000001 | ——— ANSYS-ADAMS]
400001 [ RFEM ~0— RFEM
180000.0
4400000
4000000 150000.0
Z 3600000 2‘20009"
:320000.0 90000.0
280000.0 50000.0
240000.0
30000.0
012345678691011121314151617181920 012345678891011121314151617181920
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Fig. 12. Comparison of RFEM and Ansys-Adams models: a)vertical reaction in the A-frame leg;

b) force in the servo-motor
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Fig. 13. Geometrical parameters of the A-frame

The value of load coordinates x; 3, for which the optimisation process
has been carried out is #=-300 m, mass of load m;=100 Mg, and the motion
of the ship is defined as:

. (27
Xe1 (1) = 1sin (Zt)
Xep (1) =0
X.3 (t) = 2sin (z—nt) (42)
: 12 -
Dx1 = 0

Ox2 = 0
$x3 = 0




www.czasopisma.pan.pl P N www.journals.pan.pl

N

LOAD STABILISATION IN AN A-FRAME - A TYPE OF AN OFFSHORE CRANE 55

In the figures, the following denotations are used: ;, Q, — curves ob-
tained according to (31) and (32), respectively, S, H — curves obtained accord-
ing to (33) and (34). Fig. 14 shows time courses of coordinate x; 3 obtained
according to the full (presented in section 2) and the simplified model. In
this case, the hoisting winch was motionless. The results of simulations are
almost the same.

-297.01 | == simple model
29764 |—¢— full model

2982
20884 4
29941
X 3000
30061
3012

-301.8 4

0 2 4 6 8 10 12 14 16 18 20 22 24
t[s]

Fig. 14. Time courses of coordinates x; 3

Because the simplified model is much more numerically efficient, the
optimisation process has been solved for this model. Time courses of drive
functions of the drum defined during the optimisation process are presented
in Fig. 15.

200.04

150.01 |

100.01

50.04

0.04

oHl°]

-50.0 1
10004
150,01

220004

Fig. 15. Drive functions of drum after optimisation



www.czasopisma.pan.pl P N www.journals.pan.pl

N

56

IWONA ADAMIEC-WOICIK, PAWEL FALAT, ANDRZEJ MACZYNSKI, STANISLAW WOJCIECH

As we can see, insignificant differences occurred between these drive
functions. Drive functions obtained during optimisation have been taken as
inputs of drum motion in the full model, so the simulations presented below
have been carried out according to the model from section 2. Fig. 16 shows
time courses of the coordinate x; 3 obtained when the drum of the hoisting
winch was motionless and when its motion was determined by function after
optimisation (regardless of the type of the objective function and type of the
drive function). The amplitude of load oscillations has been decreased from
2 m to near zero.

-297.04 [ == motionless
29764 |—0— optimised
o
-298.2 d -D‘ 'DD .
2088 4-H..... 0 o4
, ] * O A]
- B 0 Y
E / b / Y
~-299.4 { 0 D\
oy
X
-300.0-L<>—<>—Ei—<>—<>—4—<> o—%—o o—f
{
-300.6 : £ ! 5|
\ 4 \ u)
-301.21 0, i ’
] \ n]
0 7 0 I
-301.81 o F et
2 4 6 8 10 12 14 16 18 20 22 24
t [s]

Fig. 16. Coordinate x;; before and after optimisation
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Fig. 17. Coordinate x; 3 after optimisation for different type of objective and drive functions
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Fig. 18. Coordinate x; 3 after optimisation for pseudo-harmonic drive function

Time courses of the coordinate x; 3 obtained for different types of objec-
tive functions and drive functions are presented in Fig. 17. Fig. 18 presents in
detail the courses for the pseudo-harmonic drive function (34) and different
types of objective functions.

5. Final remarks

The model of an A-frame based on the rigid finite element method has
proved to be a useful instrument for carrying out dynamic analyses of this
kind of cranes. This model is more numerically-effective than the previous
model presented in [5] — Fig. 3. In the new model, it is not necessary to take
into account 12 reactions and respective equations of constraints.

Numerical simulations presented in the paper confirm the significant
efficiency of the proposed method of optimisation of drive functions of the
drum where the main goal of the optimisation process is the stabilisation of
the load position. Because the optimisation task has been carried out for the
simplified model, the method is sufficiently effective.

The drive functions of the hosting drum calculated for specific wave
systems would be permanently stored in the A-frame control system memory
(forming the so-called “map of basic drive functions”). Functions for other
wave systems would be determined by the control system in real time, based
on approximation. Of course, the wave system is not a single parameter
which has to be taken into account. Mass of the load and length of the
rope are particularly important. During the construction of the ,,map of basic
drive functions”, the knowledge of sensitivity of load stabilisation to these
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remaining parameters is essential. This problem should be discussed in our
future works.

For the motion of the ship discussed, the pseudo-harmonic drive func-
tions are slightly better than spline functions. Amplitudes of load oscillations
in the x; 3 direction are, for pseudo-harmonic functions, about 8 times smaller
then for the spline function and the objective function Q;. When the objec-
tive function €2, is taken, the results obtained are worst. However, when the
system of waves is more complicated, the spline functions may be more
useful.

Both objective functions, that is the average and the maximal value of
deviation of load position from the demanded level, are acceptable in practice.
There are no significant differences between the results obtained for the two
functions.

In real conditions, there are additional phenomena that can influence the
quality of the stabilisation of the load position. There may be, for example,
inaccurate definition of parameters of the crane. We should also remember
that the rope interacts with the load and the environment mainly at low levels
of depths, where water currents and waves are strong. Especially, in some
conditions, a taut-slack phenomenon of a marine cable-body system can be
significant [9], [10]. Vertical oscillations of the load induced by taut-slack
phenomenon makes it more difficult to stabilise the load. An error-actuated
control system for motion of the drum of the hoisting winch can minimise
the impact of all those phenomena. Those problems will be addressed in our
future research.

Manuscript received by Editorial Board, November 14, 2008;
final version, April 02, 2009.
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Stabilizacja fadunku w Zurawiu morskim typu A-rama

Streszczenie

W pracy przedstawiono model dynamiczny zurawia typu A-rama. Do dyskretyzacji podatnej

struktury (ramy) zastosowano metod¢ sztywnych elementéw skoriczonych (SES). Zaproponowano
zastosowanie metod optymalizacyjnych do okreslenia przebiegu funkcji napgdowej weiggarki. Celem
optymalizacji bylo zapewnienie stabilizacji polozenia tadunku. Aby uzyska¢ zadowalajacy efek-
tywno$¢ numeryczng, zadanie optymalizacji rozwigzywano dla uproszczonego modelu A-ramy.
Poréwnano wyniki obliczefi numerycznych uzyskanych dla réznych funkcji celu i réznych typéw
funkcji napedowych.



