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Abstract The paper deals with comparative study on sensitivity analysis using various methods regarding to
design of experiments for structure design of an active type DSF (Deck support frame) that was developed
for float-over installation of offshore plant. The thickness sizing variables of structure member of the active
type DSF were considered the design factors. The output responses were defined from the weight and the
strength performances. Various methods such as orthogonal array design, Box-Behnken design, and Latin
hypercube design were applied to the comparative study. In order to evaluate the approximation
performance of the design space exploration according to the design of experiments, response surface
method was generated for each design of experiment, and the accuracy characteristics of the approximation
were reviewed. The design enhancement results such as numerical costs, weight minimization, etc. via the
design of experiment methods were compared to the results of the best design. The orthogonal array design
method represented the most improved results for the structure design of the active type DSF.
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Table 1. Design load case for structure analysis

Operation Design load References to rule
conditions cases & guidance
LCT - weighing - Guidelines for
- LC2 - initial load-outs
Load-out o - Load transfer
LC3 - skidding operations
- Guidelines for marine
" _ transportations
Transportation LC4 - transport — Offshore installation
operations

Table 1] Wepd AAsE232 559 DSFY
TS I steRoR A8t LC19 o
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Fo=p,(WH W,) + P, 1
where

4, - Upper bound design fiction coefficient
W . Topside weight

W, : Loadout equipment weight

P, : Inertial load occurring during break-out
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20,000 EF AHEARES Y SHE0| ZZELQ
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A5 3715H7] Y3 FEM 718F £284S 351
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SL X529] Ade] HgHAL, 1 99 BE B
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SM490YBAZ-S 301.75 MPa, API 5L X52A1d2
31875 MPag 22 A= ik, FRHHL g %

gt adld ALE0]l  ABAQUS/Implicit[12]E
AFgte] Sagetaint.

Table 2. Material property

Contents SM490YB API 5L X52
Elastic modulus (N/mm?) 206000 208000
Poisson's ratio 0.3 0.3
Density (N— s%/mm*) 7.85e-9 7.85e-9
Yield Strength (MPa) 335 375
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tisfA HEHOZ Fig. 10 YeRHAE Table 301 Y
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Table 3. Structure analysis results of initial design

Load cases Max. stress [MPa] Safety
SM490YB API BL X52 check
LC1 258.047 1.753 OK
LC2 188.027 169.5635 OK
LC3 287.182 232.022 OK
LC4 166.6156 120.489 OK

Contour Plot

S-Global-Stress components(vonMises, Max)

Analysis system
287.182
263250
239.318
215.387

= 191.455
—167.523
143591
£119.659
95728

71796
[47.36-!

23.932
- 0.000

(a) Stress contour results of SM490YB parts

Contour Plot

S-Stress com) ponents(Mises, Max)
232.022

[ 212.687
193351

= 174016

- 154,681

= 135346

+ 116.011

= 96.676

= 77341
58.005
38.670
19.335 Detail view of max. stress location

Ry

(b) Stress contour results of APl 5L X52 parts
Fig. 1. LC3 stress contours for initial design
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3.2 FAMA DIZESHM Zat Hlw

DOE £/ w2 553 DSFY #2444 WEs)
A Y8l 553 DSFY 8 F2EA T A5E 3
% AA A Design facton)Z A3+, Table 1
3} 30 Yehd A4 ¥ Hygey S S
G34=(Output response)® A3t Fig. 20] Y
Bt AAY AR Aot oldt 52 553
DSF] 2714719 + 20% olWiollA A & A=7}
7hse elE sttt

DF#8 : DSF Plate [70t]
56t<70t<84t

Tube [60t]
48t<60t<72t

24t<30t<36t

DF#2 : DSF Plate [25t]
20t<25t<30t

32t<40t<48t )
DF#3 : DSF Plate [30t] (

DF#1 : Weighing Beam [20t]
16t<20t<24t

Fig. 2. Design factors and their range for active
type DSF

Fig. 27} Zo] AARIA= 879 FA & F8 #&
BA dig] 3 £Fo2 HEHAS A5t 0OAD
9] 49 2433]9] APPEL 9513, BBDY B¢
1133]9] A9yPE-S A% oH, LHCDY %% 200
39 APES 72t #A4Jotgiet. Table 4~69= 2+
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Table 4. DOE run table of OAD

Design factors [mm]

Run | DF#1 | DF#2 | DF#3 | DF#4 | DF#5 | DF#6 | DF#7 | DF#8
1 16 20 24 32 40 48 48 56
2 16 20 24 32 50 60 60 70
3 16 20 24 32 60 72 72 84

241 24 30 36 48 40 72 60 70

242 24 30 36 48 50 48 72 84

243 24 30 36 48 60 60 48 56

Output responses [Mass: Ton; Stress: MPal]
Run Mass LC1 LC2 LC3 LC4
Stress Stress Stress Stress

1 1,379.0 327.7 234.9 345.1 189.8
2 1,501.9 327.7 209.7 307.6 168.6
3 1,625.9 327.7 1911 280.7 153.5

241 1,862.2 211.3 180.3 255.5 141.4
242 1,944.4 211.3 1971 272.8 143.3
243 1,971.1 211.3 191.4 282.9 155.9

Table 5. DOE run table of BBD
Design factors [mm]

Run | DF#1 | DF#2 | DF#3 | DF#4 | DF#5 | DF#6 | DF#7 | DF#8
1 16 20 30 40 50 60 60 70
2 16 30 30 40 50 60 60 70
3 24 20 30 40 50 60 60 70
111 20 25 30 40 50 60 72 56
112 20 25 30 40 50 60 72 84
113 20 25 30 40 50 60 60 70

Output responses [Mass: Ton; Stress: MPal]
Run Mass LC1 LC2 LC3 LC4
Stress Stress Stress Stress

1 1,699.4 319.0 188.3 278.3 1563.1
2 1,709.2 319.0 188.2 278.0 153.0
3 1,718.6 217.0 188.3 278.4 1563.2

111 1,737.7 258.0 203.3 300.5 165.3
12 1,746.0 258.1 1721 254.7 140.1
113 1,713.9 258.1 188.3 287.2 1563.1

Table 6. DOE run table of LHCD
Design factors [mm]

Run | DF#1 | DF#2 | DF#3 | DF#4 | DF#5 | DF#6 | DF#7 | DF#8
1 16 25 32 33 44 50 61 59
2 16 20 25 34 59 59 57 69
3 16 29 34 40 46 57 65 58

198 24 21 28 46 43 67 66 71
199 24 26 36 33 47 72 49 61
200 24 22 27 45 55 60 56 58

Output responses [Mass: Ton; Stress: MPal]
Run Mass LC1 LC2 LC3 LC4
Stress Stress Stress Stress

1 1,650.9 315.0 208.8 197.7 164.2
2 1,617.5 352.2 205.5 300.9 164.8
3 1,780.6 310.3 194.4 286.2 158.0

198 1,688.5 219.4 186.5 275.8 151.8
199 1,771.7 211.8 191.5 285.5 157.6
200 1,697.0 220.4 211.7 310.4 170.3
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Table 4-6° 25 Z7}9] HE HAlsIER A A
S A7t 24 Ame o8¢5 SMA90YB A
A9 FxEA oA 301.75 MPadt API 5L X52 A&
o] F25A o)A 318.75 MPa ©]5+E WEst= A%
s HASH. S 8FESES ok AARY
% 390l 7P A AreE AAREE HALAT
(Best design case)2.& A1A5to] Table 7 &5t
o] YEeRHQITt. Table 70l Uerd Hpel Zo] mE
DOE WA 24 AARS AAsHE2A tia) &
T Ad-SEA7t o18FESHS WSS, BBD2}
LHCDE= 27144 div] -89 HE 3ol
AR dE OADE LC13 LC391A B2 DOE W
I 2] Jq-SEA7L 27144 Ue| dacle BE &
A& UEGTh & AolA 1=t 553 DSFY
F2AA 9 digt Z+2-9] DOE oM OAD7} 5%
Z2-g0] 14.7%% BBDY LHCDXETH £4:3t Aoz
YERST, LTHCDY SAE0] 10.8%2 7P WA
AREE QT AL H]8Ql DOEY Adsles=
OAD7} 71} =A%, S3aagd} AActsxd E
2YA7E 1HPS [ OAD7} FHAAS 3t 55
g DSFO] #2474 At =& 74 28291 9

AL & % Ak

Table 7. Best design cases for active type DSF

Initial Best design case
design | oap BBD LHCD
DF#1 | 20 24 20 20
DF#2 | 25 20 25 22
DF#3 | 30 24 24 25
Design | DF#4 | 40 32 40 17
factors
[mm] | DF#5 | 50 40 40 43
DF#6 | 60 72 60 49
DF#7 | 60 60 60 49
DF#8 | 70 84 70 92
14615 | 14948 | 15292
Mass | 1.713.9| (14 79) | (112.8%) | (}10.8%)
LCl | yegos | 2226 264.8 265.8
Output | Stress ’ (413.7%) | (12.6%) | (13.0%)
response | co 2105 204.5 2124
Mass: Ton! siress | 18808 | (111.0%) | (18.8%) | (113%)
MPal] LC3 | yg71g | 284548 300.7 296.8
Stress : (10.9%) | (14.7%) | (13.3%)
LCA | eppn | 1564 165.3 1615
Stress : (16.0%) | (10.8%) | (13.1%)

2 AARHY YRR Aik= OAD Zi=ERH
AHEE LC30 tisiA ti#A o & Fig. 30 YL
t}. Fig. 13} Fig. 39 23& Hws] 29, 2o S84
7b HFAAARMNA 2718 A v SM490YB A S
FEEAE 0.9% AP 15 LX52 AAY F2FA=
4.6%=2 747t ZAEY o 3 T4 A=
Strand jack mount part®] HF EZEA A Main
frame part sH+2 ©]oltt

Contour Plot
S-Stress components(Mises, Max)
284.548
[ 260.836
237.124
= 213411
~ 189.699
~ 165.986
- 142274
= 118562
= 94849
71137
47.425
23712
= 0.000

Fig. 3. LC3 stress contours for enhanced design

OAD, BBD 123 LHCD®] DOE Wo] 2 A
AR ¥ FHAR HHA FIFE(Main effect)
£ £45to] Table 80 A oto] Uepiglet. 5 43
T A2 AR 29 Wl et 5 SHY
49| Pt Hol}, & UAEE HoFe AREA 7
Zk9] AARIANA AtEE FFEY F7]0f H]Fsto
S AARIAY SEEol et o=} oty &
4=tk Table 80 B2jE AAH Sl gt = 3
Fr+= ZE DOE THoA AY 543 #5202
ERth LC19) 2o} =4[] tfsiA= DF#13} DF#3
9] JFLrt =4 UERE, LC2 ~ LC49] Hl 39
Ao A= DF#33 DF#89] FF 7t A Yepdtt. 3
g2 Ao i3t BBDY DF#1, DF#3, 7181 DF#8
9] FF== HE DOETHET ot &4 Uets
E£4S B3 o]et Zo] bt DOE W& 483t
HFAAE FHALE B 553 DSFY 244
=35 B7tolA OAD7E 71t &A% &4 Bl
S g9l5t9.o, DF#1, DF#3, 181 DF#89] BA|
7} A= AAY 7V 85 Esfokehs FREA
2 Yeg
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Table 8. Main effect results Ap=(Z2T2)127 (5)
Contente | DF#1 | DF#2 | DF#3| DF#4 | DF#5 | DF#6 | DF#7 | DF#8
%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] 2 A AFEE TAAAZ Hes o olx
0AD | 2.90 | 1.50 | 423 | 16.6 |23.10] 4.10 | 8.30 | 1.20 N 4 G)olA :E“OL TS 8ot == ot
Mass| BBD | 2.86 | 146 |42.31]16.62|23.07 4.06 | 833 | 120 37 SAEES oh29] A3} Zo]

LHCD| 2.86 | 1.46 |42.31|16.62|23.06| 4.06 | 8.33 | 1.20
OAD | 72.0 | 0.02 {10.56| 0.13 | 0.00 | 0.00 | 0.00 | 0.00

Lct.

st 88D [ 72:32] 0.02 [10.19] 013 ] 0.00 | 0.00 | 0.00 | 0.00 —a0+2a +Za” z+22“u z;
LHCD|69.43| 0.03 |10.02] 0.11 | 0.03 | 0.04] 0.10 | 0.06 i=1 i=1
OAD | 0.38 | 180 |10.45|2.668| 847 | 6.62 | 2.59 |12.95

L2

o2 BBD | 0.03 | 0.0313.36] 3.34 | 351 | 6.43 | 268 1478 A (69 RSM 2AhwEle OAD, BBD 181

LHCD| 0.23 | 0.17 | 9.66 | 2.35 | 4.37 | 56.92 | 2.22 |11.32
prd AN A1 |-._- 0]-8-5] Q9 o]-/\ H
OAD | 0.37 | 2.30 |14.74| 4.28 | 5.15 | 4.37 | 3.42 |19.62 LHCDQ}‘ B DOE—’] ] }01 e

Stﬁis BBD | 0.04 | 0.17 |22.06| 6.58 | 2.24 | 3.94 | 453 |26.24 A Fig. 491= RSM 2A12d 23} & OADS
LHCD| 051 | 0.07 |14.25) 410 | 3.12 | 3.89 | 3.08 |17.71 o]-&5}0] 5"41‘4123510] upgsk Sukstaol [C30] Tl
0AD | 062 | 1.73 |16.98] 5.08 | 435 | 2.70 | 420 | 22.81
-0 x o o =] <
StLr(e:‘Sls BBD | 0.06 | 0.18 |25.48| 8.00 | 2.76 | 2.70 | 6,57 |31.94 Oq%kEﬂ o d7A Al DF#3% DF#89 4wk
LHCD| 0.38 | 0.06 | 17.45| 5.36 | 3.10 | 3.19 | 3.84 |22.47 d ARE ﬂ]ﬁxﬂ.ﬂi eI
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RSMe} AAISZE B4 g A=t 24 s Fig. 4. Response surface result for LC3 from OAD
WS o]-&5td o]a} ot P9 FARHl RSM
< U2t o] HYHTH17]. Fig. 404 uehd A3 Zo] LC3 g2l
von-Mises -&-22] A4 HAAZE o|& 39 &
k k k
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where,
g=ZAp+e 4) t;: actual value

(2

y;- prediction value from approximate model

Aol Wl o5 Haskon vz RSM 24} S
- s t.:
S 4,9 23 98 Ha S T4t 4 ) - actual value average

A% WH A
o} o] #gHct
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RFol 1.002 A=Ed ZARHRY d=X)7} 4
JE AASRACNA AA Aot $H6] dAoke A
olm|gict. z47k9] DOE WO ZRE SHsy H2
%5 RSM9 & HE= A3k= Table 99 UeRY
Ath. Table 90 Uehd vRe} o] Fako] AR E 73
e = Hes DOEHoNA AAIg Aol7t gl 1.0
oF Yepstarl, Z42ke] AAiskexd ¥ SEEo] o
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A 8.1%9 @5 Bgon, BBDL LHCDY A%
13%2} 7.9%2] A= Ueyth SEe HE &
AFEl RSM A= 9] H#A= BE DOE HoA oF
95%9] w2 HYTE HIoH, OADOIA 7HE =2
e E By

Table 9. Comparison of RSM accuracy

DOE type R? value
Mass LC1 LC2 LC3 LC4 Avg.
OAD 1.000 | 0.999 | 0.919 | 0.946 | 0.960 | 0.956
BBD 1.000 | 0.999 | 0.870 | 0.935 | 0.983 | 0.947
LHCD 1.000 | 0.999 | 0.921 | 0.927 | 0.962 | 0.952

TEkA 2 QoM 55% DSFE S AL
AT} 2AA QRS Ae Hol AR AARA
o} 4+, DOE] @314 DOE ¥ A4 53 22
AEAQl DOE o] geja o aod Ao 13

=9ict,
4. 72

# QAF0J4L 55 DSFY 7247 HHAES 8
B 4 9k A A0S 28408 BE)
9I5) ToFdt DOE W< &8¢ APHAL it
%8 FEEAY UFERAS 5ok, DOESH
0 23 HEsc et o] ¥ A7 S B
%8 A7ANE Fesack

2 WS, RE HAsE 24014 59 DSF
o AR AA9 HEFRIY S5 WS
L Aow teiton, AAsERA § 1039 99
Sz0] g A Uik

DOE £40] th2 553 DSFe] 7247 e

—-

& 95l 553 DSFY 8 F2EA A A4E 3
& AARJAR AAeAa, Az ¥ S
g3} FH2 SHYE AA5I9T OAD, BBD 17
I LHCDQ 371 DOE®MoA HAEA NS BE
AAsE2A gt Jd-8E A7t 58-89 THEotH
A Fo] TaEE ARE Btk 1% OAD7F 5%
Hago] 7P S48 2108 YEton, SAAAL H]
491 DOEQ] A¥315E= OADZ} 7H EAu, F33t
A& AAskERA E SEZTE 123S 1 OAD
7} 558 DSFY] A F24A QKT =& 7}
& B&AQ o R Uehth
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T+ HE DOE WHoA AY TYT #F2E YE
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9] JFLrt =A UERE, LC2 ~ LC49] Hl 39
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DOE "#oflA] oF 95%9] =2 AL g B3, OAD
£ H83t B9 7P BA vEen, B A4
558 DSF Sta AAQT g3t 244 Tzt
TS o ARESE AARIALY] 4F, DOEY Ad
314, DOE ¥ A4 53 22 AxkA<l DOE ¥
o] FejHog £PH Ao FRIFAh

E oA $3%E DOE 0|2 o]83t A
T2 2 3 9 Bt £2E Ade] W¥sH
QTEE AF7IAAY HA 85 ol &5 &
449 5 9& Aoz Agdd

REFERENCES

[11 J. M. Park, C. H. Park, T. S. Kim, & D. H. Choi.
(2011). Optimal Determination of Pipe Support
Types in Flare System for Minimizing Support
Cost. Journal of the Society of Naval Architects
of Korea, 48(4), 325-329.

DOI: 10.3744/SNAK.2011.48.4.325

[21 C. Y. Song, J. Lee & J. M. Choung. (2011).
Reliability-based Design Optimization of an
FPSO Riser Support Using Moving Least Squares
Response Surface Meta-models. Ocean
Engineering, 38(1), 304-318.

DOI: 10.1016/j.0ceaneng.2010.11.001

3] C. Y. Song. (2021). Approximate Optimization



2EOH M7| X8 S8 DSFO| A BriE o 106

Based on Meta-model for Weight Minimization
Design of Ocean Automatic Salt Collector.
Journal of Convergence for Information
Technology, 11(1), 109-117.

DOI: 10.22156/CS4SMB.2021.11.01.109

Y. J.Ji, J. S. Kwak, H. Y. Lee, & S. C. Kim. (2015).
Optimal Arrangement of Resilient Mount
Installed on Frame Support Structure at
Shipboard Equipment Under Shock Load. Journal
of the Society of Naval Architects of Korea,
52(4), 298-304.

DOI: 10.3744/SNAK.2015.52.4.298

J. H. Park, D. Lee, J. W. Yang, & C. Y. Song.
(2019). Design Enhancement to Avoid Radar Mast
Resonance in Large Ship using Design of
Experiments. Journal of Ocean Engineering and
Technology, 33(1), 50-60.

DOI: 10.26748/KSOE.2018.088

DNV-GL. (2012). Load Transfer Operations, Det
Norske Veritas.

DNV-GL. (2013). Offshore Installation Operations,
Det Norske Veritas.

GL. (2015). Guidelines for Marine Transportations,
GL Nobel Denton, 36.

GL. (2015). Guidelines for Load-outs, GL Nobel
Denton, 13.

H. S. Kim, B. W. Kim, D. Jung & H. G. Sung.
(2017). Numerical Study for Topside Effect on
Behavior of Deck Transportation Vessel and
Seafastening Structure, Proceedings of OCEANS
2017, Aberdeen.

DNV-GL. (2015). Structural Design of Offshore
Units WSD Method, Det Norske Veritas.

Simulia. (2018). Abaqus User Manual Simulia.

S. H. Park. (2012). Design of Experiments, Seoul
: Minyoung Publishing.

G. E. P. Box & D. W. Behnken. (1960). Some New
Three Level Designs for the Study of Quantitative
Variables. Technometrics, 2(4), 455-475

Y. Kim, P. W. Park, K. Y. Park & J. C. Ryu. (2015).
Optimization of Arc Brazing Process Parameters
for Exhaust System Parts Using Box-Behnken
Design of Experiment. Journal of Welding and
Joining, 33(2), 23-31.

DOL: 10.5781/JW/J.2015.33.2.23

K. K. Lee & S. H. Han. (2012). Optimization of
Wind Turbine pitch Controller by Neural Network
Model Based on Latin Hypercube, Trans. of the
Korean Soc. of Mech. Eng., A36(9), 1065-1071.

DOIL: 10.3795/KSME-A.2012.36.9.1065

C. Y. Song & J. Lee. (2010). Comparative Study of
Approximate  Optimization Techniques in
CAE-Based Structural Design. Transactions of the
Korean Society of Mechanical FEngineers A,
34(11), 1603-1611.

DOI: 10.3795/KSME-A.2010.34.11.1603

2 Z(Hun-Gwan Kim) [SHAE5]2]

20219 29 : BRdsty 2A8F
SEIHZSHAD

20219 39 ~ @4 : Sxfgtn
st Ao Fg st HArky

- TAlEoF ¢ A, L=

- E-Mail : uyt231@naver.com

& 2 &(Chang Yong Song) (5%

o

20109 29 : AASt 7| A5}
IHFEEAD

c
: 201049 9¢¥ ~ @A : Fxrisku

€ ARt B4

b ¢ - THEOF: FA] Aol i

- E-Mail : cysong@mokpo.ac.kr

0] Z #(Kangsu Lee) [A3]2]

- 20099 29 : QlSttisty. 2ASYF
SeIHFEEA

- 20139 19 ~ @A : Aus|dE
HE AL AYJATY

- FAEof ¢ RN, oA

- E-Mail : klee@kriso.re.kr



