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DYNAMIC ANALYSIS OF THE GANTRY CRANE USED FOR
TRANSPORTING BOP

Summary. In the paper the dynamic analysis of a gantrpemased for transporting of
BOP (BlowOut Preventer) is presented. The crarmased on a drilling platform. Sea
waves cause motion of the platform and the loadscBgtion of such systems can be
used in the design process of control systems walidws us to compensate waving.
Homogenous transformations and joint coordinatesuaed to describe behavior of the
system. Equations of motion are derived using thgrange equations of the second
order. In the paper the results of numerical cakoohs are presented as well.

ANALIZA DYNAMICZNA SUWNICY BRAMOWEJ PRZEZNACZONEJ
DO TRANSPORTU BOP

Streszczenie. W pracy przedstawiono model dynamiczny suwnicy nimaej
przeznaczonej do transportu tadunku zwanego BO®8WBUt Preventer). Suwnice tego
typu montowane s na statkach lub platformach wiertniczych. Falowanmhorza
powoduje niepgadane ruchy tadunku, wplywge na prag suwnicy. Podjto zatem
prébe opisu dynamiki uktadu, ktéra umdiwita zbadanie wptywu falowania na
zachowanie uktadu. Do opisu zastosowano formalizemsformacji jednorodnych
i wspohrzdne zhczowe. Rownania ruchu uktadu wyprowadzono st@supwnania
Lagrange’a Il rodzaju. Przedstawiono wyniki symiilaamerycznych.

1. INTRODUCTION

Dynamic analysis of offshore systems mounted omfgslas or vessels is especially difficult
because it is necessary to consider phenomena atedneith sea waves [1,3,5]. The waving causes
additional motion of the base (platform) and thhes¢ are impulse forces in the system which should
be taken into account in the design process ngtionstress analysis but also in design of drivé an
control systems.

In the paper homogenous transformations and jaotdinates are used to describe dynamic
analysis of the gantry crane [2,6]. Equations ofiomoare formulated using the Lagrange equations of
the second order.

2. MATHEMATICAL MODEL OF THE SYSTEM

The gantry crane (Fig. 1) is considered as a syst#m12DoF (Fig. 2). The frameR} is treated
as a rigid body (6DoF) connected with platforB}{by spring-damping elements (SDE). The load is
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also treated as a rigid body with 6DoF with resgegblatform {D}. The load is connected with the

frame by means of two flexible ropes and additinés motion in X® and Y directions is
limited by guides.

Fig. 1. a) The gantry crane used for transportir@PB— PROTEA Gdask-Olesno, b) The BOP (Blowout
Preventer) system
Rys. 1. a) Suwnica bramowa do transportu BOP — FROGdaisk-Olesno, b) Zestaw zaworéw BOP
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Fig. 2. Model of the gantry crane
Rys. 2. Model suwnicy bramowej

It is assumed that the motion of the platform iswn. Consequently the position of coordinate
system P} with respect to global coordinate systems {Okisown.
The position of coordinate syster@Ywith respect to {0} is defined by:
X® = x® (t)
y® = y®(t)} the coordinates of the origin of coordinate sysf{&hin {0}, (1.2)
7?0 = 7 (t
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Y =gt
6 =6 (t) ; the Euler angles [2] which describe any possibientation of D} in {0}. (1.2)

P =g (t

The motion of frameR} and load {} with respect to platformB} are described by independent
parameters which are components of the vectors:

q(F):[X(F) yE 2 gy g ¢(F>]T’ (2.1)
q(L):[X(L) YO 20 g0 g ¢<L)]T_ (2.2)

It is assumed that framé-} is connected with the platform by means of spiitagmping elements
with large values of stiffness and damping coegfits. Because the motion of load} {s limited by

means of guides, angleg™ 8" ¢ ¢ 6 " are small and the transformation matrices from
coordinate systemd} and {L} to { D} can be presented in the linearised form [5,1]:

1 _w(F) H(F) X(F)

. _
5 _ w(F) 1 ¢(F) y(F) (3 1)
_H(F) ¢(F) 1 Z(F) ! ’
0o 0 o 1
1 _l//(L) H(L) X(L)
~ (L) 1 _ A(L) (L)
gu=| ¥ vy (3.2)

-6V p® 1 7
0 0 0 1

The transformation matrices from local coordinagstems £} and {L} to global coordinate
system {0} can be writen in the form:

B =A‘D)I§(F’(q‘F)), (4.1)
B =A<D)|§(L>(q<u), (4.2)
where
cy®ch®  cy® s8® sp® —sy® cg®  cy® sO® cg® +sp® sp®  x®
A1) = s® c®  sp® s8® sg® +cy® cp®  syp® s cp® —cy® sp®  y©®
—gg® co® sp® co® cg® 2(0)
0 0 0 1

The equations of motion are derived using the &age equations of the second order:

d oE OE oV oD

dtog, odq, g, 0q,

where:E — is the kinetic energy of the systeYh; is the potential energy of gravity forcés - is the

dissipation of energy of the syste@, - are non-potential generalised forcegs, g, - are generalised

coordinates and velocities, respectively — the camaps of the vectors (2).
The kinetic energy of the system, the potentiargnef gravity forces and its derivatives can be
calculated as it has been shown in [5].

=Q,, k=1...12, (5)
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Additionally we have to take into account:

— the energy of spring deformation of the ropes,

— the energy of spring deformation of the guides,

— reaction forces of rigid or flexible supports.

Fig. 3 presents connection of the load and ropés. [bad is hoisted by means of two barrel
systems. In mathematical model of the gantry crrehoist system is reduced to two flexible ropes.

Fig. 3. Hoist system
Rys. 3. Uktad zawieszenia tadunku

The motion of the load is limited by means of fguides which positions are set up by hydraulic
cylinders (Fig. 4).
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Fig. 4. Guide system
Rys. 4. Uktad prowadnic

It is assumed that the load (rectangular prism)kaim contact with the guides only along lines
AY B wherek = 1,2,34(Fig. 5a).

The guides are modelled as spring-damping elenveititsbacklash(sdeE™“" ) which limits the
motion of the load inX® and Y ® directions (Fig. 5b).
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50 A(4)
Z
g v L
| —p—
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,/’O“\\\\;;\\\\
BO T op®

Fig. 5a. Contact lineA™, B between the load and the guides
Rys. 5a. Linie stykuA®, BY fadunku z prowadnicami
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b)
Fig. 5b. Spring-damping element with backlash
Rys. 5b. Element sgrysto-ttumicy z luzem

Fig. 6 presents the way of connecting the ganttpéodeck. The system is supported on the rigid
rails. The motion inX® direction is realized by system of 33 rollers {fixontact). The motion in
Y ®) direction is limited by system of four pressurliens on each leg.



92 A. Urba S. Wojciech

Fig. 6. Connecting the gantry crane to the deck
Rys. 6. Posadowienie suwnicy BOP

The gantry crane is also protected by antylifteystvhich limits the motion of the system in
vertical direction Z® axis) (Fig. 7).

Fig. 7. Antylift system
Rys. 7. Uktad zabezpieczay

Fig. 8 presents the model of flexible connectiothef frame legs with the decke(’ point).
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Fig. 8. Flexible connection of the frame to thetfolan
Rys. 8. Podatne mocowanie ramy do poktadu

The structure of the equations of motion is différand depends on selected drive functions of
the motion of the frame iXX® direction:

A. flexible drive system

Ag =f, (6)
B. rigid drive system
AQ-DF =f
B (7)
D'q =

(F)
where q= q(L) ,
q

F @
F :[ X } ,
Fx(4)

A is constant matrix,

f=1(t.9,9),
o ()| . - . @) it (D) Aoy
0= 5.0 is the vector describing the displacement®8fand P points in X® direction.
2

The model of dynamics of the gantry crane consttiésedescribed by 12 (eq. 6) or 14 (eq. 7)
ordinary differential equations of the second orderorder to integrate the equations of motion the
Runge-Kutta method with constant step-size is used.
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Having assumed|=0; = O eq.6 and eq. 7 the vecigyreaction forces in ropes and in SDEs
can be calculated. In this case the system is ithescby the set of nonlinear equations:

f(t.q)=0, 8

The dependendeversud is caused by expressions connected with the batemof the deck.
Equations (8) are solved using the Newton iteratiathod.

3. NUMERICAL CALCULATIONS

For the mathematical model of the gantry cranectivaputer program has been developed. The
following input data are taken from the technicataimentation [4].

— the mass of the frame and the load?’ =73 955 ,k§’ =550000kg,
— dimensions of the load.8x55%x203 m

In table 1 conditions of work for BOP are presdrtg. It is assumed that the motion of the deck is
described by heave, pitch and roll motions which aritten as follows:x® =y® =¢® =
2™ =7 +a,sin@Rmt/T), 6 =a,sin@t/T), ¢ =a,sin@t/T) where 2 =36 m, T =10s,
a,,a,,a, are amplitudes depending on heading and weattmelitcns.

Table 1
Conditions of work for BOP
OPERATIONAL SURVIVAL
HEADIN heave | pitch roll heave | pitch roll
G 7(D) H(D) ¢(D) 2(D) Q(D) ¢(D)
! a, a, a, a a, a,
o 0.1343 | 0.0023 0 0.4458 0.0061 0
45 0.1115| 0.0008 0.0023 0.3521 | 0.0023 0.0077
90 0.1140 0 0.0045 0.3724 0 0.0138

Fig. 9a presents the comparisonzafomponent of forces iP® point and Fig. 9b presents the
elongation of rop%l%. In both cases it is asumed that only heave matfotine platform and the

heading angle equal 1 .
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Fig. 9. The influence of working conditions on:fajces in connection poifP® , b) the elongation of rope 1

Rys. 9. Wplyw warunkéw pracy na: a) waasity w podporzeP® , b) wydtuzenie liny 1

Fig. 10 presents component of forces at poinR® and P“ . The results have been obtained for
heading angle equal #5 in operational conditions of work.
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Fig. 10. Reaction forces iRP® and P“ points
Rys. 10. Sity reakcji w punktacR® i P®

The influence of backlasi', , and A, onz component of forces gioint P can be
observed in Fig. 11. It is assumed that headindeamguals t090 in operational conditions of work
and only pitch motion of the platform is taken iatccount.
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Fig. 11a. The influence of backlash in SDE on rieadorce (componers) in point P®
Rys. 11a. Wplyw luzu w EST na sktadgwsity reakcji w punkcieP®
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Fig. 11b,c. The influence of backlash in SDE orctiea force (componers) in point P®
Rys. 11b,c. Wplyw luzu w EST na sktadgwsity reakcji w punkcieP®

Fig. 12 presents the influence of backlash, , and A, ,, on the sum of forces acting between

the guides and the load. It is assumed that thdimgangle equals t®0 and pitch motion of the
platform in operational conditions of work is taki@to account.
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Fig. 12. The influence of backlash in SDE on the s forcesz FE{W

Rys. 12. Wplyw luzu w EST na sumarygamartas¢ sity z FE{W

4. CONCLUSIONS

Numerical simulations presented prove that the myoanalysis of off-shore systems is very
important in the design process. Impuls forcesngctn the system should be included in stress
analysis of the guides and also the frame. We aireggo analyse drive systems in order to find out
how to compensate the frame and the load motiosechiy waving. The numerical calculation
presented in Fig. 10 indicates that drive systent®itain conditions should work independently.

Bibliography

1. Adamiec-Wojcik I., Macziski A., Wojciech S.: Zastosowanie przeksztatgednorodnych
w modelowaniu dynamiki uazizen offshore. Wydawnictwo Komunikacji idcznasci, Warszawa,
2008.

2. Craig J.J.: Wprowadzenie do robotyki. Mechanikatér@vanie. Wydawnictwo Naukowo-
Techniczne, Warszawa, 1995

3. Maczyski A.: Pozycjonowanie i stabilizacja paenia tadunkuzurawi wyskgnikowych.
Wydawnictwo Akademii Techniczno-Humanistycznej,Z.Bielsko-Biata, 2005

4. Technical documentation for BOP, PROTEA, @sla— Olesno, 2007

5. Urba& A., Wojciech S.: Dynamic analysis of the gantrgree used for transporting BOP. Proc. of
9 th Conference on Dynamical Systems — Theory gouliéations, £6d, 2007.

6. Wittbrodt E., Adamiec-Wojcik 1., Wojciech S.: Dynamnof flexible multibody systems. Rigid
finite element method. Springer Berlin HeidelbergwNY ork, 2006



100 A. UrBa S. Wojciech

The investigation presented in the paper has bepposted by grant N N502 464934 founded by
Polish Committee of Science.

Received 15.04.2008; accepted in revised form 0Z0DB



