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Design Optimization for Vessel's Weight Control Related to DNV Crane

Criteria
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Abstract

DNV crane criteria are specially designated for the vessel equipped with lifting crane to cover the risk during the crane operation,
Based on the DNV crane criteria, the crane performance shall be decided, The weight control has great importance in the management
of vessel s design for crane vessel, To evaluate limitation of lightship weight and the effect of design changes sufficiently, the lightship
allowable VCG curve was used, The optimization process was carried out for generation of the lightship allowable VCG curve due to
the difficulty coming from the characteristic of DNV crane criteria, This paper includes the introduction to the DNV Crane criteria and
optimization process for evaluation in aspect of lightship weight and VCG,

Keywords : Crane vessel, DNV crane criteria, lightship Allowable VCG curve, Optimization process, weight control,
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<DNV Pt.5 Ch.7 Sec.7 D200 Accidental load drop>

1. The restoring energy represented by area A2 in Fig.1 is to
be at least 40% in excess of the potential energy
represented by area A1. (A2/A1>1.4)

2. The angle of static equilibrium Ge after loss of crane load
shall not be more than 15 degrees from the upright.

RL2
RL1
0 oAl /
F € A1/
- 4 >
/( /| e
N\
\/

Fig. 1 Stability with loss of crane load

+ RL1=Net rignting lever (GZ) curve for the condition before
loss of crane load, corrected for crane heeling moment and
for the righting moment provided by the counter ballast if
applicable.

« RL2=Net righting lever (GZ) curve for the condition after
loss of crane load, corrected for the transverse moment
provided by the counter ballast if applicable.

* @ =Static angle of equilibrium before loss of crane load.

* @, =Static angle of equilibrium after loss of crane load

* ©=Angle of down flooding
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DNV Crane Criteria

Loading Condition

Bl S|t A AT & Y
=

(Lightship Weight VCG Curve)S MM 22|5k= Zo| E235ic}
Lightship Allowable VCG CurveE 0|-&31M Ballast tank HiX| %
sAS BiZsHE A2, SA A5t S2Klightship weight)oll &
= SH VCG 2ol Hists SallM AA A ofe| Mg Jts o
22 X2 758 + o], dx| =2 AelzF DNV crane
criteria® 2HESH=X| CiSiM T Eioho| 7Fs5P| ui2olch

4. Lightship Allowable VCG Curve

S Mulol =21 AZE QsliMe A GM FM(Minimum
GM Curve, O[5t Min. GM =M)E MAMslo{ MEfe| Loading
condition0| Min. GM Curve 2Ct =2 GME Z=X| RIS}
J2{L} DNV Crane criteria= 5 7H2| Loading condition2| GZ
IMo| H|1 =lofo} 5P| mhZol| Mete| uij=2of| 2 Min. GM
cuves A T %= lck m2iM AF| Loading conditiong 2
=1 SN HEstke TAZ o|F0{xo} Bl

DNV Crane criteria S0llA BAFHHeeling angle)= 322!
Z2F=(crane load)2| FAIRE Aziele] ulix|, S| #[cf Zk= HE
Z(Max. out-reached arm)2 SsliA| 0fZ0| 71=35l0] 2 EA
of w2} Y™t Agk2 20|22 2 ZA7t =X| bect siX|gt
Fig. 32} 20| GZ ™A H|E2 Ballasting Tank AFZof| IL}Z Y
KM 2 GMof| ofsliA geks gteoz ER(Trim)ah ZAL
(Heeling) 7t #/2=3} =11 GMO| z|Cha} == %X Loading

[e]

Crane Capacity I:> Dl\[I:\-;itgrrigne |:>

GZ Area Ratio

&

' ) s 3 s )

Need to Find '
Max, GM <::| Dominated by <:| Up to Ballasting
Condition

\ . \ \

Fig. 3 Optimum Ballasting Z XM

condition0| RTFEICt 2HAES Ballast Tanke| =7} 21 &t
0| o SEEH MEk2 $2IRlE S510 g2 A2l O 20t
o| Metrol| ChshM =g 27| oh of2fH o] AlZh Sk B
0| AREICh= Moot =5 28 S2HLightship weight)o| HHA
2 = Qe lo| &| w2l si-fe| B3s JHsiM ZotE
o|E35P7| Erk= ofAt A5k S2HLightship weight) BI9IE AN
5l0] SHM d58 ASske 2ol Uesitt

M o GME 2= Z1A Ballasting Conditions 211
o= b= ol Cist 12l0| ERe3Men, ol sk | 25k

S a
M Azt & zHat HHE 2ASH| =ACt

o

5.

=43}

=Mt 12 37| E2 L0l $>SIICE 2o GME =
Loading Conditiong &t2(1. Finding Optimum Ballasting), 304
Zl Ballasting Z=ZA0llM 2 7158t 435t S2F (Lightship)2|
H VCGE %= Z0o|cH2. Searching Max. VCG). A5t &t
(Lightship weight)2| VCGE 1 S BTl SIHEHT ufo|
£ XM|(floating position) 7+ B151X| 2471 w20l /X ballasting
ZAS &= AT Lightshipe| $HA VCGE &= F29| 2217t

7Fssicl
5.1 Finding Optimum Ballasting

GMo| #[Ci7} == %A Ballasting
o| SMekr 9 Hetxzig FUCL

o
i By

=22 3| 2IsiM che

— Single objective function

¢ Find X=[X1,X2,X3,++ X26]
¢ Maximze GM
* Subject to abs(Heel) <0.3 deg

abs(Trim) <0.05m
Draft<11.0m (operation draft)
Xilower <Xi <Xiupper or Xi=0 or Xi=100
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MR & (Geretic Algorithm)2 2235104 %A Ballasting
T E 2XMsl IHE FASIHT, 50005 0|4 HH=(lteration)

=
N3 Al BEARIS FNE Bols o= selslict

Start
Set Maximum Iteration

T

Pick W.E.TKs to Change
Generate Filling Level of TKs

Optimum Condition

YES

Better Condition? End

Save Optimum Cond NO

YES
i=Maximum Iteration

Fig. 5 Optimization Flow Chart

Initial Condition Random Selection

| » || oo
° [o]]: [g]o] *
- c W) | || CEEED
Better Condition nnﬂnn

o |

Fig. 6 Optimization Process
5.2 Searching Max. VCG

%X Ballasting =712 22E] Lightshipe| 34| VCGZS 75t
= 7|2 7|=HQl £XMst 7| = Si-l2l Bisection methodE
ARSI HH=(teration) 42 Fo|1 HESH HulE g %
UEE 3I9Ct Bisection Methode REARR| AR A4F Al
H X27EK| =|ci VCGE Lokh”| IsiA 103 ojgke] Aot
(iteration)0] 22=22 of &AMl gkHol2tn & 4= Aok

fVCG)

X Xr . VCG

Fig. 7 Bisection Method

i. Step. 1
e Choose lower Xl and upper Xu guesses for the root
such that the function changes sign over the interval.
» Checked by f(XI)f(Xu) <0.

ii. Step. 2
* An estimated of the root Xr is determined by Xr=(XI+Xu)/2

iii. Step. 3
* Following evaluation to determine in which subinterval the
root lies:
= |f f(X)f(Xu) <0 , the root lies on in the lower subinterval.
Set Xu=Xr, return to Step 2.
= [f f(X))f(Xu) >0 , the root lies on in the upper subinterval.
Set XI=Xr, return to Step 2.
= If f(X)f(Xu) =0 or (Xu-XI) <0.0001, the root =Xr; terminate
the computation

6. X3} 21

—_——

Z|X BallastingZt 84| VCG searchingg £&t5104 0%l
5t S (lightship weight)oll & AHASIH F0{T Hot &
(lightship weight) H2I0llM Fig. 8 Z+2 Lightship allowable VCG
cuveE T 4= UCk AZk= 7|E Zst E2HLightship weight)
£ AZfoz 500ton 742 VCGELE 37| w0l 2+ Al™
8 2 AA Zus 2Msln J0f w2 chd|E(contingency
plan)2 Alg = Uk Sixf ST HAe| Zzfet thd|sto dofe
VCG oRRlg 71X leX| FX|HoZ &olgt 4= fleaz M7
=ekeels sfask=dl £30| Ech 12|11 Fig. 8oflAl Hoix|

Bl

N
o oY

12.2
E 12 = :
3118
-3
® 116
L0
©
z 11.4
5 \
< 412
a ™
o
%) 11
2
S
2 10.8

10.6 ——

N N Q Q Q Q )
v& ng X\QQ X®Q XQQ X(QQ QJQQ )SOQ
¥ ¥R ¥

Lightship Weight (ton)
Fig. 8 Allowable Lightship VCG Curve for DNV Crane
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