Journal of the Korean Society of Marine Engineering, Vol. 41, No. 3 pp. 258~268, 2017 ISSN 2234-7925 (Print)
J. Korean Soc. of Marine Engineering (JKOSME) ISSN 2234-8352 (Online)
https://doi.org/10.5916/jkosme.2017.41.3.258 Original Paper

Hubg 29qe] A8 + Ut SIS B A7
oltE! - ) - o)2Et . upgg . AT

(Received December 16, 2016 ; Revised March 13, 2017 ; Accepted March 23, 2017)

Convergence analysis technology for ship loading arm
Dae-Hee Lee' + Dae-Kyung Noh® © Geun-Ho Lee® © Sung-Su Park® - Joo-Sup JangT

M= shtel siA ZESJo(SimulationX)® 2H U] FUBE M TIEd el A8 Ve

& AS SRR Stk Aol AR 3|FAldd Wt ALY, FEGNAY AsE 33]'7] HE 71E
o] FA3lRaA 7w SARE SHESIALA sk Ateltk A5 FEEe e e Zrh WA FH3EE
Aot FEEY AYS R dhdste] ARAS FHS AlFEAdo] HTH dEANAELS o &dte] FuslE
S 2dygsla, 299 MBS(Multi Body System) @S A 3Th 1 Fof] f9t329] A2 dy} MBSEES §&she
s]2o] M A7F MBS H&s] WA ERlgit) o]eldk S RE S AlAFe] flolk e SAAE
< o5 F F Jorg g ditehe a3E Tt

FA0]: SimulationX, 8% 34, MBS, 332 314, tEA T3

Abstract: In this study, we aim to converge a technology for analyzing the hydraulic circuit of a loading arm with an-
other one for analyzing multi-body dynamics by utilizing analysis software SimulationX. Further, this study intends to
overcome the limitations of the existing technology for analyzing a hydraulic circuit with a variation at the rotation
center of the moving mass and the difficulty of incorporating the behavior in a gravity field. First, the specifications of
the hydraulic circuit components were reflected in an analysis model to secure reliability. Hydraulic circuit modeling
was then performed using a single analysis model with a verified reliability. Subsequently, the multi-body system
(MBS) model of the loading arm was formed. Finally, the analysis model of the hydraulic circuit and the MBS model
were converged to check if the circuit analysis result was exactly reflected in the MBS model. The convergence analy-
sis model has development cost-saving effect because it is capable of predicting the dynamic behavior of an object
without the prototype.
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(a) Condition of pressure drop on catalog

(b) Condition of pressure drop on SimulationX
Figure 1: Comparison between catalog and simulation result
(directional control valve)

Figure 2: Step response characteristic of DCV (directional
control valve)
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(a) Condition of pressure drop on catalog

(b) Condition of pressure drop on SimulationX
Figure 3: Comparison between catalog and simulation result
(relief valve)
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(a) Condition of pressure drop on catalog

(b) Condition of pressure drop on SimulationX
Figure 4: Comparison between catalog and simulation result
(check valve)
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(a) Condition of pressure drop on catalog

(b) Condition of pressure drop on SimulationX

Figure 5: Comparison between catalog and simulation result
(pilot operated check valve)

(a) Condition of pressure drop on catalog

(b) Condition of pressure drop on SimulationX
Figure 6: Comparison between catalog and simulation result
(throttle valve)
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Figure 7: Analysis modelling of the counter balance circuit

Figure 8: Displacement of mass according to increase of
force (counter balance circuit)

Figure 9: Comparison between DCV spool stroke and mass
stroke (counter balance circuit)
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Figure 14: Blueprint of loading arm

Figure 13: Convergence analysis process
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Figure 17: Behavior in the gravity field

32 MBSEE ) RS2 s

29 Fa3Ee MBSEES §3shE Aol ol
A Q24T Bipolar Force Interface©]th ©] Q4%
MBSE oA fretddr] o] 915 st Hed & o
o L& ddste] mgeke] #HS 4Y F A P
= 7129 FFe oA AE-E= Simulink B FMIE
A|8ki= A o] Bipolar Force Interface©] ™, F-H2 o] &2}

S Qg oZ ol AA E= Z,:._z?g:} T YEE fLAsE

Zoltt, uhehA Oolili’] FollolH(Hddr) =
53 928 5SS MBS 74 ﬁﬁ:‘ﬂ Bipolar Force Interface
of AMZ Adste] 2 e mE FPAAT Y T2l
MBSE. 2ol 485 =% 331t Figure 18-> MBS} -3
i,] 6]— 1:!\:410]1;].

265



o8] - et - ol2E - A S PTA

Figure 18: Convergence of analysis models of MBS and hydraulic circui
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Figure 19: Movement of piston when cylinder No.l is ex- Figure 22: Movement of piston when cylinder No.5 is com-
panded pressed

Table 1: Displacement of Pipe A according to movement of

loading arm
Figure No. Displacement of Pipe A [mm]
16 (-2340,125,1709)
19 (-2340,-330,1640)
20 (-2782,125,2195)
21 (-1726,1303,1709)
22 (-1265,125,3970)
4. 4 &
2 gl shsl A EEdolE ALgslel 2
el 3z M v st siM e §I=
DR & B ATE 49 A RRe 7485 MBS
A2 0 Flo] = o] X = i ing 717
Figure 20: Movement of piston when cylinder No.2 is com- BE= dtef 7 7hAe] M= HhE Physical dorilﬂama 7k
h=y [e) O &= =) =1 o) =) =)
pressed and cylinder No.3 is expanded =eFE g9t siXshs WEdow sk 1 A4
= aokshd v g
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Figure 21: Movement of piston when cylinder No.4 is ex- FE e HAE 4= Qo AT A A =
panded d 4 d& FoE v|gdr
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