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Abstract This paper presents the research results of a light weight through topology optimization and structural safety
evaluation through structural analysis of a pressure system structure installed in an off-shore plant. Conducting a
structure design according to the wind load and the dynamic load at sea in addition to a self-load and structure
stability evaluation are very important for structures installed in off-shore plants. In this study, the wind and dynamic
load conditions according to the DNV classification rule was applied to the analysis. The topology optimization
method was applied to the structure to obtain a lightweight shape. Phase optimization analysis confirmed the stress
concentration portion. Topology optimization analysis takes the shape by removing unnecessary elements in the design
that have been designed to form a rib shape. Based on the analysis results about the light weight optimal shape, a
safety evaluation through structural analysis and suitability of the shape was conducted. This study suggests a design
and safety evaluation of an off-shore plant structure that is difficult for structural safety evaluations using an actual test.

Keywords : APV, Light weight, Off-shore plant, Structural-analysis, Topology optimization

1. ME A2 ARG oA FHEA A FA7A]

’\]:xr el —r-&/] 7 } o whe} JJr

APV(Air Pressure Vessels)= 3% ZHE] A3
© YAT AR Y =2 2"l AREHE 9)s}e]

gho]ARiser)ol ¥H& FHdte] FHE A8 A ol Figl

il
Y
o
e,
N Q
9
rlo tlo _|> rir
- 32
i)
8 ©
o 2
Rl
mz
ﬂ
O
_,ﬂi
o
2
é

B e A ol AR g el 719 AAE AT 18 FAHAA(FHAINE: N0001592) 0] Ao S5
Correspondlng Author : Young-Chul Park(Dong-A Univ.)

Tel: +82-51-200-6991 email: parkyc67@dau.ac.kr

Received December 12, 2016 Revised (Ist January 9, 2017, 2nd February 13, 2017)

Accepted March 10, 2017 Published March 31, 2017

22



A HAALAE ©]-8% APV Module Structure®] AA @ 2354
A 71HE 8 Qe 7|2AA Ueks AlAskaa)
stk [1]
2. dEsHEA
2.1 214 Z™MA
APV 12ELE & =] gnle] 7 (A EA
APV A|2=® A tigh AT oz RE HEsta
AA = A2 ) g =g Alxgld A &%
Fig. 1. Schematic Illustration of APV of tie FEEe] MYge =YY Ao AR 2
FES T AR FRE] YR 22 FEE /AL
2 JERHQITE APV ZES A7 47k 2 gtk ¢ 5 G4 Al Fako] ZUsH Bt o] & QlEte] B3
S AR gEHE7(Vessel), Aozt e o8 8% A4S 7 5 2Rl A7A HEE, o §
4718 BEdhs FEE(Structure), FEE7)0l AAE  Asp] 99 W oRA 1 HAs} 7S o]&ato]
o] o]%E R A3S 3= A WjUE=(Top&Bottom APV T2E9] a3l 948 daal dv) 94 43}
Manifold), ¥4 8HS 3l= H(Rack)o.2 o] At i Hyper Works OptistructE ©]-&3lo] s)4S 435}
olu] Il % FxE tigt AT7E ANE ATh[2]
g F3NE AAFZEY] Y kA 7 HJeong,
2013), AbslsS W gTrREe] T A HUh 211 21 z|=MAQ JHE
(Kim, 2010), 3|4 o]z Mz & ¥ FXE lifting N AAAAE 2Bl gk HHHA 9] g ol
crane A189M9] FZAA 7K Cha, 2011), o 2 X 2A 2= U9 9 A5 9], 93] d4d
ol 9 s 25 kA HIKYou, 2015), 2E 2 AR EAR AoH = k(3]
T REY] B9AT 2 AFFE 54(Ko, 2008)8.  AHEE 5ol A3 TANAN EATSE T F
2 o) A 2dyg vl o), DNVIFAS Z4ste] &gt Aofsta Az AS o v SrAgE
NAHAAAAR HAE st A e T2 kS T HSUF Alg R o R o] Hrk E =304 APV
HGrrsle] txE AL MLehs BAS A AFE FRE Aws A4S A7) st S A3 g
Ao palth ¥ =R e Ao HFBAE A4 S ngoR ANEE FHRACLM]
Ao wAksk AN Fafol] whe) SYZFHE FEo o
sl DNVFA] wh $142 438 Ba) a9 722 21.2 0|2 HiZ
S AAEe bAAS Brlekelh A HAAAE ARE wiAste] Ao 7= 24
B mRo|AE APV TFERES i s wn Wl of & ZHEF Sk Aotk mebM dg el i HE
3 oA HA MA 7|HS Aaste] HAe ke spm 2ol A4 (Compliance Index) TS #Askate] Hi
e T2E JYS Adetgy, TRHAS a5 AT AN A (1), E HEGeAx A5
ol A MAe DNVIA P gl oat Fatza  AMIHES dERIo.
+/EE FE o TAste Files FHA0R
qgsel 998 dEfes, prre Ande g 5~ 2 WG M
el gl 212 JE B7HE shdh 53, vlg- A ATA, W : i8 A, ¢ ¢ io) AEeelels
St S FEHNES] T2 B AA AES AlE B o
AAH 7= g oY) Wil B AFeAE TR C =U'KU, )
< B3l T2 S HESIALE olye AdNE
o g R FEWE 728 7L A Alke ol7|1M, U, ;9 WY WEH, K : 9 2A8E

23



A 71E8 8] =2 A Al8d A3E, 2017

lo
ke
°
w
"3

Fig. 2 91 HAdA19] o]

mlo

o
R

Aolt}, A7 99 QoA A9 FE= ARE Al
slo] MY E MX] HAE T EA AR 452
2 WSS B RE 45 () TR F 2
He Aoz A7l 28 BE &5 B0 8 Foh
oA AANAE B4R Has o Wgely
Ao] FAR AoF, FE2NE 27|EFe] Wxrt
A5 Aow Hejwn
Pi
St Unit cell
ceoo
Q X Qv
% vooe
G l [ X N Y
S
y;
S, Yiu=Xx;/m

X.

i

Fig. 2. Schematic Illustration of Topology Optimization
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Fig. 5. Initial Results of Topology Optimization
(a) Iteration 40 (b) Iteration 50 (c) Iteration 60

Fig. 6. Finite Element Model of Structure
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Fig. 8. 2D&3D Shape of APV Structure
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Table 1. Material Property of Structure

Data

Material SS400

Density 7,850 [kg/m’

Tensile strength Min. 410 [MPa]

Yield strength Min. 235 [MPa]
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Fig. 9. Models of APV Structure
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Table 2. Finite Element Data of Structure

Type Nodes Elements
Vessels & Rack Hexahedral 53,456 34,426
Structure Hexahedral 103,694 100,232
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Fig. 11. Schematic Illustration of Boundary Condition

Table 3. Boundary Condition for Structure Analysis

Wind Load [kPa] Acceleration [m/s]

Case
X Y Z X Y z

Case 1-1 3.17 0.00 0.00 0.00 9.81 0.00

Case 2-1 3.17 0.00 0.00 343 12.75 343

Case 2-2 3.17 0.00 0.00 343 1275 | -3.43

Case 2-3 3.17 0.00 0.00 343 12.75 343

Case 2-4 317 0.00 0.00 -3.43 1275 | -3.43

Case 2-5 -3.17 0.00 0.00 343 12.75 343

Case 2-6 -3.17 0.00 0.00 343 1275 | -3.43

Case 2-7 317 0.00 0.00 343 12.75 343

Case 2-8 317 0.00 0.00 -3.43 1275 | -3.43

Case 3-1 0.00 0.00 3.17 343 12.75 343

Case 3-2 0.00 0.00 3.17 343 12.75 | -3.43

Case 3-3 0.00 0.00 3.17 343 12.75 343

Case 3-4 0.00 0.00 3.17 -3.43 1275 | -3.43

Case 3-5 0.00 0.00 -3.17 343 12.75 343

Case 3-6 0.00 0.00 -3.17 343 1275 | -3.43

Case 3-7 0.00 0.00 -3.17 -3.43 12.75 343

Case 3-8 0.00 0.00 -3.17 343 12.75 | -3.43
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Table 4. Results of Structure Analysis

Case Max. Equivalent Stress [MPa]
Vessel & Rack Structure
Case 1-1 33.99 3273
Case 2-1 74.41 70.98
Case 2-2 81.33 78.72
Case 2-3 132.88 181.25 |
Case 2-4 134.70 171.71
Case 2-5 134.71 174.07
Case 2-6 134.95 179.27
Case 2-7 80.21 70.02
Case 2-8 71.77 7779
Case 3-1 94.64 99.32
Case 3-2 118.24 152.21
Case 3-3 90.58 102.24
Case 3-4 113.22 149.96
Case 3-5 116.18 150.85
Case 3-6 92.09 100.85
Case 3-7 116.29 153.89
Case 3-8 92.95 96.60

Table 5. Safety Factor of Structure Analysis

Parts Safety Factor
Vessel & Rack 1.74
Structure 1.30

A

Fig. 12. Stress Distribution for the used Structure
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