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Optimum Design of the Upper Structure

Supporting Member of the Derrick

Ji-ho Jeong (Pusan National University), Jeong—hoon Bae (Pusan National University), Sung—chul Shin (Pusan National
University), Soo—young Kim (Pusan National University)
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2. Derrick X|X|FA| =X 4A|
2.1 Adiis L Wzt

Derricks TA5k= | beamz} Box beam?| tHH &4k gl

FQ x|%40| EFHE Fig. 12} ZCh

Thickneas(t)

Flange Thickness(t2)

—

Breadth(B} BreadthiB)

Main dimension of Box beam
HxBuxt

Main dimension of 1 beam
HxBxtlxt2

Fig. 1 Notation of main dimension for member

7|Z9| Dericke TASkE XIX[FA1e| cHH
x|4=£ ofehel Table 12 ZiC.

Table 1 Beam shape, dimension & Amount

Beam shape Main dimension (/7m) Amount(£A)
T 750x750% 3560 60
I 750x500%30%50 72
950%950x 100 12

A= 0|FS FR X & F 7KK | beam2
WebZ} Flange2| 51, Ml 7FK|2| Box beam FHZ =

7702] MAHSE mm SR 2 AMSICE

Web ‘ Height{H} HeightiH}
S ‘ D l m
>

343

Table 2= 7|& Demicke| XIX|EA FHE LIERHCE
wiet F1e Z#2t =o| 750mmel | beame Webzt
Flange2| 574, W22} F2= 22+ Z0| 500mm¢e! | beame]
Web2t Flange2| SHE 2lolste{, T, M, B= 22t Top,
Middle, Bottom Box beam®| FHE 2|o|gh},

Table 2 Design variables — thickness of member (/mm)

W1 F1 w2 F2 T M B

35 60 30 50 100 100 100

Ml 7EK| gAate| Beam2 Fig. 22F 20| Lkl iond,
T2 20| 750mme! | beam, X442 Z0| 500mmel
| beamS 2|o|5lo], ==A2 Top Box beam, LZHiS
Middle Box beam, 742

k7 pAK Bottom Box beams
olo|ghf.

B T Breadth 750 — | beam

B T Breadth 500 — | beam
B [ Top box beam
[J Middle box beam

B ] Bottom box beam

Fig. 2 Supporting member in derrick

Metx=zi2 Table 324 201, 2 X|X|FAe| Myt 7|&

Demicke| 77 & &&tg I HAAZIX| b BeIZ
MAEsigien, a0 F7l= 7IE Fel 60~100% L=

SIICE,

Table 3 Constraint condition of design variables

Design variables | Min. value | Max. value | Ratio (%)
W1 25mm 35mm 70
F1 40mm 60mm 70
W2 20mm 30mm 70
F2 30mm 50mm 60
T 80mm 100mm 80
M 80mm 100mm 80
B 80mm 100mm 80
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221 7x=9 &

z|Mslof| A==l SHE=rE= Dericke| S22} oFHE

D
IS

dYsien, 39| 87 Beame| X Xg :rLOP_’
Beam2| Z{ZQl DH36 &2l LTE &of AHiLksiCh
T&E Derickel SZF ALK A (1)1 2o

Weight,,,, = (((750 x F1 X 2+ (750 — 2 x F1) x W1) x L1
+(500 X F2 x 2 + (750 — 2 X F2) X W2) x L2
+(9502-(950 — 2 x 7)) x L3
+(950% — (950 — 2 x M)?) x L4 @
+(950% — (950 — 2 x B)?) x L5))

%1077 x 7850 x 102
+69.670 x 4 + 3.403 x 20
L1, L2= 22 Z0| 750mme! | beam, 0| 500mm¢?! |
beam?| & Z0|E 2|05l L3, L4, L5 2A| Top, Middle,

Bottom Box beame| &

2ol olo|sict,
52 Al A5

AE5S sl 3D Modeling  tool@!
Autodesk Inventorol M XFSC 2 AH|AEl S2kn} AAAl o=

Airksl =2k2 H|1WSlo1 Table 40l LIERAQICE 2=
0.74%2 LIEten, ol £4 7t == FEolM
LMk 2K2 TEEEICEH
Table 4 Comparison between actual and estimated weight
Actual Estimated
C E %
ase weight (for) weight (for) ror (%)
Base 1,630.613 1,618.468 -0.74
2.2.2 Derrick2| o g FX4A|
222155 ¥ dA=A
Fig. 32 Demick2| 3D model & shiAt &Fd sk =71 &
AAZAE LIERH, A= £35S, B= Heave B 4
C= Roll, Pitch BiEt gt& MEsI9en, D= S5t8, E=
XX|Z=HCE  Dericke| shfe= Hi=Eo| IHEQICKD
*E*Z‘JEF”E} Table 5= dllah 2R SEQl RAOS| F2
JEEEE TE6iMo ME 3H st TREE2 HEkst
0|, Headlng angle2 0=2F 1245193
Table 5 RAO transformation to acceleration
Heading (Deg) | Roll (rad/s) | Pitch (raa/s) | Heave (m/s?)
0 0 0.005396 3.728241

344

[&] standard Earth Gravity: 9.8066 m/s?
Acceleration” 3.7282 m/s?

[€] Rrotational Velocity: 5.306e-003 rad/s
[B] veriable Load: Pressure
[l Fixed Suppert

Fig. 3 Offshore environment load & boundary condition

A (2 Blziol ofgt Foly Botg MY 4 s
HOR g B9 o5 5B ROE 9|n|§+z+ Fig. 42}

|
20| Tz Al Zolof| et S0l

q = 0.0073 x log (22222) + 0.0042
I; S %
L]

Unit: Pa
2015-03-25 2= 10:.00

34745 Max
31828
28910
25993
23076
20158
17241
14324
11406
8489.1 Min

‘ariable Load: Pressured
|

Fig. 4 Different pressures depending on structure height

o

Fig. 5= Derickol 7|R™e s
LIEjHD, 2E stE2 2 X|Fol| dSsP BEAZICH,
Table 62 HC (Heave Compensator), TDM (Top Drive
Module) 2 Driling pipeS Zglst 7|XIRjS0| ERfi=l=
SIES LIERARICE

EI-IH =

A o



[ Point Mass

[ Foint Mass 2
[ Point Mass 2
(B Point Mass 4

[B Force
[ Force
B Force

Fig. 5 Load condition of additional equipment

Table 8 Result of structure analysis

Table 6 Load category
HC, TDM and etc. | Pipe and etc. Total
Weight 1,030f0n 600fon 1,630f0n
Mark A,B,C,D E,F,G

2.2.2.2 5 H|oE 44

THA Z2 2SS ARESt0] Derrickel oHE FEA
TEE ?loiMe a5 HlolE7t Hesh o 25F 72219
MuwHlPEEE ARS510] Table 72 20| = 9709] CaseE
MAMSIRICH

Table 7 Orthogonal arange table

Design variable (mm)

Case Maximum stress (AVPa) Safety factor

(DBe;rs'S; 98.97 3.53
1 155.63 2.24
2 147.67 2.37
3 107.62 3.25
4 105.84 3.31
5 151.49 2.31
6 147.9 2.37
7 108.26 3.23

8(test) 106.65 3.28

2223 oHlg FEA £

oA ZROeiUe MESE Zsjol|  Eekst
ULR|ECR, RMAL Y12|Fe| A delo|1 T2l
S42 ME 1Ml S0l AMA Sop 2ol 7[ES
FOAL Y2|Ee| WAL FALSICE SER|TH Z ket B0
ks ol8ste 54 ol 7|& gAECH S&EH AN
2ol Jlset A E 7 RRICKSearson, et al., 2009).

FHA Z27eiUE 0|85 Dericke  oHME
FHAlg TESIon, T2 eiol ARRE MAHLot
AL} MA So| M2 Table 92+ 20| ARSSIRACE.
Table 9 Setting of genetic programming

Operator X, —,+, 72, tanh, sin, cos
Design variable W1, F1, W2, F2, T, M, B
Population size 300

Number of generation 300
Max depth 5

Case
wi [rilwe [r] T M B
?Be;g)‘ 35 | 60| 30 | 50| 100 | 100 | 100
1 25 |40 ] 20 [30] 80 | 80 | 80
> | 25 40| 20 | 50| 100 | 100 | 100
3 | 25 [ 60| 30 | 30| s | 100 | 100
4 | 25 [ 60| 30 |50] 100 | s0 | 80
5 | 35 40| 30 [30] 100 | s | 100
6 | 35 [ 40| 30 | 50| 8 | 100 | 80
7 | 35 [ 60| 20 [ 30] 100 | 100 | 80
8 | 35 | 60| 20 | 50| 80 | 80 | 100
stEH0IE{e| MAMZ2 2[st0d 9712 Caseoll CHsHOd
Flisigion{, Z3l= Table 8z ZCh

1
24
:Oé
0 x
o

o822 Dericke =l DH36 Zef =TSl

350MPag 7|EQE AlLFSIRACH.

r

FHYAS TESP| flelo ERst sk Ho[Ef= Base
caseS HEEGl 1HH~7#H Case7bk| & 87le| CIoEIE
AFEsiRiond, FHAlo| ZHES 2Ist AlH0|E= 8t CaseS

| SRES=I0] RMSTH 00l $=i5k=

RMS training set error: 0.0056208 Variation explained: 99.9739 %
2.5 T T T

Predicled y (training values) F

A ‘ Actual y (training values)
> \

15—

1 1 ] i 1 i
1 2 3 4 5 ] 7 8

Fig. 6 RMS training set error



oMK m2pHalo] 48 23} Denickel WISl Chsh
FXAIS Al (3)2} Zo| TZ5I%ch

Safety factor = 0.004737W1 — 0,02619W1
+0.004048 —0.02704 tanh(sin(T — M))
+0.02261 x (1.0)% x (W1 + F1 — (9.545)%)
0.2554 sin (:rns(r:ns(ﬁ)))
x cos ((T)? x (F2 +8916))
+0.0003165T(F1 + 8.492) + 1.72

3)

Dericke| oFE SAl| ZZS fisiol sl
Anz £9 o8N FEACR TEE oRigel bl
=

3 249 ZIE Table 100] LIERARI20, AIEH|O[E{S]
AR 2P} 2.15% 2 LIEISCE

Table 10 Comparison between result of analysis and
estimated safety factor

Actual Estimated
Case Error (%
safety factor | safety factor (%)

8(test) 3.28 3.21 -2.15

2.3 |t el

HIX[Hf A2 SAX L02|=(Non—dominated sorting
genetic algorithm—I; NSGA-I)2 ZX{5H~0| SelL} oi&M
S0l kg vX| o, =5 Aoz $EY JisME
AES] 201 Ve R UL 7|ES [FAAL Yie|Ee

Jl2xo] = Qof| Il E X|df(Pareto—dominance)2h=

e H8sll =8gsr 72| =RRank)E Al
28488 I XSHol =7 oiviHsel dz2|E HE
MEREH S AR5 Y12 |Z0|CHDeb, et al., 2002).

2 AT} OIS FRAIS 27 SHES 1T 22

ofM
0

Table 11 Setting of NSGA-|

— WSGA

Generations !
291 [ Generation 300 / 300
292 04
293
294
285 038
296
297
298
bt B ET
Er— | -
T o
Optimization state: £ paa
T 8
1 2__|||®
1 [currentGen 300 032
2 |evaluateCount £0000 )
3 |totalTime. 98.7708
4 |firstFrontCount 200 03
| 5. |frontCount 1
| 6 [avgEvallime 2.3593e-05
— 1300 1350 1400 1450 1500 1550
|Pause| ‘ Stop | | Plotnew ‘ objective 1

Fig. 7 Pareto—optimum set

Fig. 70 LERt M = oR4E0[ 3.0 O|40|HA F0|
201 XHE ZEMoz HolsiH Fig. 70l EAlE
F2o[ct o] XFofAMel I 2F  1,400ton2=E
AMEion Table 125 1 X[EollM == FE
AA#Zolct,

Table 12 Optimum design variables

Design variables W1, F1, W2, F2, T,M, B

Design variables Value (mm)
W1 25
F1 54.044
W2 20
F2 30
91.987
M 86.635
80
Table 132 =& AAMS gh NSGA-HIZ &=
g o B PxoiMe Sof =EE e Hld
SAEgCh SRl 2 0.91%, gl AL 7.07%2)
QAE HCE oKIgol 2= FEofAnt A
Z2YS Se FHARR| 2Xjol| 7|Qlett EkEICE

Table 13 Comparison between result of result of analysis
and NSGA-II

Population size 200 Weight Safety factor
' Actual Estimated | Erro Errol
Number of generation 300 u i rror Actal | Estimated rror
(tor) (tor) (%) (%)
x40 Z2S JIX|HA oSS Sojot 5122, oINS 1,413.27 | 1,400.41 | 0.91 2.83 3.03 7.07
ZRAp| o2 Folol £ IR SxELIL 25 H|bst
E|E= 519100, NSGA-IE olgst £|x3t k= zMst 2ot £BE Demickel AA o2 7IEQ|

Dermick2CE =22 1,630ton0llAl  1,413ton22 217ton
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