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Normal strategy of structure optimization procedure has been minimum cost or weight design, Minimum weight design satisfying

an allowable stress has been used for the ship and offshore structure, but minimum cost design could be used for the case of

high human cost, Natural frequency analysis and forced vibration one have been used for the strength estimation of marine structures,

For the case of high precision experiment facilities in marine field, the structure has normally enough margin in allowable stress

aspect and sometimes needs high natural frequency of structure to obtain very high precise experiment results, It is not easy to

obtain a structure design with high natural frequency, since the natural frequency depend on the stiffness to mass ratio of the

structure and increase of structural stiffness ordinary accompanies the increase of mass, It is further difficult at the grillage structure

design using the profiles, because the properties of profiles are not continuous but discrete, and resource of profiles are limited

at the design of grillage structure, In this paper, the grillage structure design system under the constraint of high natural frequency

is introduced, The design system adopted genetic algorithm to realize optimization procedure and can be used at the design of

the experimental facilities of marine field such as a towing carriage, PMM, test frame, measuring frame and rotating arm,
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‘ Initial FE. grillage model ‘
\

‘ Chromosome of Material profile list |

| Generation 1=1,M ‘

| Generate population N ‘

Population J=1,N |

| Natural frequency for each population ‘

| J=J+1
‘ Fitness |
\

|
Genetic algorithm
| | |
‘ New population |

‘ Best design parameters |

Li=l+1 ||

Fig. 1 Flow chart of design system of grillage structure
under the constraint of natural frequency
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OF =4SNt CisH MAloH ==0f| M= H| X 10M|c MZof|A] Table 32+ &
UHKol GA HME Al UEkk= EMO=Z Mt £(No. of 2 dAcks Tt = U%lend, HMEHE XE AREsINT| o
generation), 7H& 2=(No. of population) & Lk 2 Ale] 7| 2ol FxEgtel Xo|7t e A7 LSt /oLt Table
o &2 HEsIHM 1 228801 g2 ¥E T UES It 2°t HwEHE I =% IRAsTo 28ss & F Ut
Fig. 2.1(a)2t 22 5t 7HX| ERFe| HLFE ABSH E=0l 2Lt 10 Hzet 20 Hze| 5% IRESTe 2% M3Tes
CHSt MAoF T&0iM e H|A 7] MCHollM Table 22+ 20| EoAM = Aol MAoto| B Syt FetE Zujels o =
T = Qlen, ARZE 1671 EFoIAM BHst gg 7 ACh FA DRTSTE THEESIHA 2D S| 1XE Fe
£ ALt HMSHE BF| AME ARSSIRY| 2 =% 17 4 SY0| oM & ZuHrt 2 IRilEse| ZIE F
sEete| xo|7) Rl A7t wieks & 4= Qlck = 49E &2 L Ut JBL B =20Me Y ECche
SE ORISTo| oSt ZUE MSsIC o elMAtet 2
Table 1 List of square beam profiles of BT 2 AxaFo| HS so] 22A o Mast so| &
No | Swe | Avealmm) | i) | izlrer) 52 545 BN 27 T 4+ 2SS L + oW 0f
1| 100x100x3.2 | 1,239 | 1.94E+06 | 1.94E+06 solch
2 | 125x125x3.2 | 1,550 | 3.86E+06 | 3.86E+06
3 125X125x4.5 2,169 5.26E+06 | 5.26E+06 Table 3 Design proposal for 1-D beam using 2 members
4 | 150x150x4.5 | 2,619 | 9.25E+06 | 9.25E+06 o— Dosian . Caountod
5 | 150x150x6.0 | 3,456 | 1.20E+07 | 1.20E+07 frequency| €™ | proposal | "9 | frequency
6 175%175X4.5 3,069 1.49E+07 1.49E+07 A 250X250X9.0
7 | 200x200x6.0 | 4,656 | 2.90E+07 | 2.90E+07 Sz e T ooxtooxg 2 |03 ton| 534 Hz
8 | 200x200x8.0 | 6,144 | 3.78E+07 | 3.78E+07 A | 400X400X9.0
9 | 250x250x6.0 | 5856 | 5.81E+07 | 5.81E+07 10 Wz T eoxtsoxe.o | 06 ton | 1003 Hz
10 | 250x250%9.0 | 8,676 | 8.41E+07 | 8.41E+07 A | 150X150%4.5
11 | 300x300x6.0 | 7,086 | 1.02E+08 | 1.02E+08 18 W2 =T ooxao0xe.0 | O3 on | 1902 Hz
12 | 300x300x9.0 | 10,476 | 1.48E+08 | 1.48E+08 A | 350X350X9.0
13 | 350x350%9.0 | 12,276 | 2.38E+08 | 2.38E+08 20 Hz B | soox3ooxg.o |22 on| 21.02 Hz
14 | 400x400x9.0 | 14,076 | 3.59E+08 | 3.59E+08 | 100X100X3.2
15 | 450x450x10. | 17,600 | 5.68E+08 | 5.68E+08 25 Hz 5 | 300x300xg.0 |02 ton| 26.41 Hz
16 | 500x500x12. | 23,424 | 9.30E+08 | 9.30E+08
| A | Table 4 Design proposal for 1-D beam using 3 members

Target Design . Calculated
(a) One kind of beam(CASE 1) 9 1 Mem. 9 Weight
frequency proposal frequency
“ A | 500X500X12.0
(b) Two kinds of beam(CASE 2) 5 Hz B 100X100X3.2 | 0.85 ton| 5.07 Hz
C 200X200X6.0
[A T LA ] A | 100X100%.2
C 350X350X9.0
Fig. 2 1-D simple beam
A 300X300X6.0
Table 2 Design proposal for 1-D beam using 1 member 15 Hz B 200X200X6.0 | 0.50 ton | 15.08 Hz
Target Design proposal | Weight Calculated C 250X250X9.0
frequency frequency A 125X125X3.2
5Hz 100 X100 X 3.2|0.10 ton| ~ 7.29 Hz 20Hz | B | 350X350X9.0 | 0.53 ton | 20.04 Hz
10 Hz 150 X 150 X 6.0(0.27 ton 10.85 Hz C 250X250X6.0
15 Hz 250 X 250 X 9.0]0.68 ton 18.13 Hz A 300X300X9.0
20 Hz 300 X 300 X 9.0(0.82 ton 21.88 Hz 25 Hz B 350X350X9.0 | 0.99 ton | 25.06 Hz
25 Hz 350 X 350 X 9.0(0.96 ton 25.64 Hz C 450X450X10.0
42 SR AMSHE|I=27] M| 59 M5 202214 1Y
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T 4ol RAS ALRS ZPet St 072D
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3.2 = ofelEx|e| F=MA

1) HIEE = MRje| 7= AA

5 HOIM 10 Hzzix| 8ISt TE0ES R MAHD| 7HSEH
oz Holof, ZHEE I8t B=7xo| Eell= Fig. 49 ZTh.
TFEEoM 2ol A JE0|0f =M0| B OF, H2Mo| C
O Dol D I&, FEMo| E JEolc) HiE pxae
D{sk= 2 MAIE2 Table 62} 2t AZ7|7| MX|E £t
XIX|cH Mx| 2 £AZY A 2HEo=2 2ot Hig 2o A

T EgjAa xE TJlolsks ol 2EMY Zolct

X0z AME ofelex MAlo|M IRRSSTe| HEo|
QU= A TR Z0| FREH M H0|0{, Al MAIE 25t
Mxte|l =R X|F== Table 52F 211, 5 HzollA 10 Hz77kX| 1
Hz 2102 =8 IRISTE MYsts 42 JHLE Al -
S =3 7ot MAA0| 742 HEs| 2K} Sl Fig. 4 Bottom type of carriage structure
ofelszel AR viEnt A EBlAdez EFRAM = Table 6 Design proposal for the bottom type of carriage
£ Qe =% IREsT H PR o] HEE 21Xt 5% structure
Ct 84 2 17 a7t 5185l = HIEE0| YEXo| Target . . Calculated
1 o neREA| STl TxL olx EajAzolch 12 frequency Mem. | Design proposal| Weight frequency
HSshAoME BlEte] RE HiRloM SRS H9S 451D A | 125X125K3.2
Zio|sr 2 etk w9l Zizt £ FollA P45k SsI%IC B_| 100X100X3.2
OAle] OflQIFiRE EAte| Mol H]5| Zo| 0jS Hof Fig. 5 Hz C 400X400X9.0 |16.27 ton| 5.01 Hz
30 LiEfct 243} 20| Batek 2uERjolM S e AER D | 150X150X6.0
SOt 3w DRASSOIN Leidch 25 ASTs|, 2 R
Ad| 2% 50| 12EH IRAsTs O ¥2 218 & A2 B 150X150X6 0
2 ojlekEch 2 ofAlolAlE Z7IMAolM FxEE0| AETke 6 Hz | C | 250X250X9.0 [17.71 ton| 6.43Hz
siM 7| EfEE S HESH HUE J|ssIict MAF 7 D | 200X200X6.0
of ZTafi Mol ARREl X QA= H 40|04, ARRE XjEl2 E | 300X300X6.0
EAL Bo| ARBE[E SS4008 AkE5IC A | 450X450X10.0
B 175X175X4.5
Table 5 Main dimension of bottom type of carriage 7 Hz C 250X250X6.0 |26.32 ton| 7.12 Hz
structure D 150X150X6.0
Main dimension Value E | 400X400X9.0
Broadih 186 m A | 250X2506.0
Length 192 m B 250X250X6.0
) ) . 8 Hz C 175X175X4.5 140.10 ton| 8.38 Hz
Height(if upper structure is installed) 4.8 m
D 200X200X6.0
Structure weight Below 110 Ton E 500X500X12.0
A 150X150X6.0
B 100X100X3.2
9 Hz C 150X150X6.0 [40.36 ton| 9.05 Hz
D 250X250X6.0
E 500X500X12.0
A 300X300X9.0
B 400X400X 9.0
10 Hz C 500X500X12.0 |51.66 ton| 10.0 Hz
D 250X250X9.0
Fig. 3 First natural frequency mode of truss type carriage E 500X500X12.0
JSNAK; Vol, 59, No, 1, February 2022 43
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Zspi| Z7lstn 2SS o 4 AUrt
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Mote Ao anidel BMS St 3 2EM BRI
o wolg HASIX| ol Cixlol ERsic mREESY .
A =22 EA|of| BHEESH= glots k= Z{0| J7FAF O|AKKO| Fig. 5 Model of carriage structure (8 Hz ~ 10 Hz)
L & =xoMe $ix DRalss 7Rl ItkiM AlARS
TE5oiC) Table 7 Design proposal for typical type of carriage structure
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=H B2 AL AlZto| 2= QICt Table 80A UE H|[LH
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|
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Mz 0.5~0.7 M7t ARBEGlen] Z0iH0| SHES 84
0.012cC} 22 g2 AREsiH 53 IRAsST7F 10H2! &4
o
< 0.1

Target ‘ . Calculated
frequency Design proposal Weight frequency
A 300X300X9.0 | H| 350X350%9.0
B | 125X125X4.5 | || 125X125X4.5
C| 250%X250X6.0 | J| 250X250%6.0
8Hz | D] 400X00%9.0 | K| 125K125%3.2 ig-nB 8.00 Hz
E | 350X350X9.0 | L | 175X175X4.5
F | 300X300X6.0 | M| 150X150X6.0
G| 300X300X6.0 -
A 300X300X6.0 | H| 300X300X9.0
B | 350X350X9.0 | || 250X250X6.0
C| 150X150x4.5 | J| 500X500X12.0
9 Hz D | 250X250%6.0 | K| 100X100X3.2 12? 9.24 Hz
E | 350X350X9.0 | L | 300X300X9.0
F | 300X300X9.0 | M| 250%250X9.0
G| 175X175X4.5 -
A 300X300X9.0 | H| 450Xx450X10.0
B 175X175X4.5 | || 125X125X4.5
C| 300X300X9.0 | J| 125X125X3.2
10 Hz | D 250x250%9.0 | K| 200%200%8.0 8ti-n78 10.33 Hz
E | 300X300X6.0 | L | 450X450X10.0
F | 300X300%6.0 | M| 500X500%12.0
G| 125X125X3.2 -
Table 8 Comparison of calculating time
Target Cal. No. of No. of
freq. | time(hour) | population | generation
6 Hz 3.5 40 10
7 Hz 6.7 40 20
Bed ype T 270 50 20
carriage
9 Hz 24.5 80 10
10 Hz 26.5 50 20
8 Hz 127 20 20
Truss type g7 228 40 20
carriage
10 Hz 40 30 5
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