Vol.41 No.3
Jun. 2019

AL H3M
2019 4E 6 J

B B M E X FEFE R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

doi;10. 11887/j. ¢n. 201903014
NERX T ERAREHIRAIMELZHATRSH

1,2 2 > 2
c&EF K OZVKFR
(1. XA EF AT, Hb £ 430050; 2. HE TEKSF M5 EFEFKE, 4 KL 430033)

http://journal. nudt. edu. cn

i B ool A TR RO S AR S LA M AL BT I B0 s B AR E 1k 3 B A B, % T S Y R
O 162° 14 PN B HS IS , S AT H A B BRI TF AL o SR L 8 T AR B B RGP AN R
{H MISES )i Jy 22 A8 A s SEAROTAL G , 006 2385 F) ) B A2 1 2 R PRI, I ST A T OB S5 A i T i) 225
RS NG

K2 IR) - P TS VRO 5 SR s 0P ML 5 3 2 5 A ik

& 4> 5 : TN95 XEFRERG A XEHS:1001 -2486(2019)03 - 083 -09

Analysis of topological optimum for solid floor
design of inner pressure tank

WU Chunfang'? , ZHANG Er* , ZHANG Yuchen®
(1. Wuhan Institute of Shipbuilding Technology, Wuhan 430050, China;
2. College of Naval Architecture and Ocean Engineering, Naval University of Engineering, Wuhan 430033, China)
Abstract; By analyzing the strength and the stability after the topological optimization design of the open-hole topology of the solid floor in the
inner pressure-resistant tank, it is found that the solid floor opened near the inner keel is better for the inner pressure-resistant tank with a
circumferential range of 162°. Tt has little effect on its own stability for the opening of the solid floor, but the stress of the MIMES will change. The

stability of the liquid tank structure will be slightly reduced when the hole is opened. So, the structure requires strengthening when designing the

liquid tank structure in the later stage.
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Tab.1 Main parameters’ relative amounts of the inner annular pressure tank structure

M EEN  FEmE AL W & [ITIN=
iV S WA L= (R - WRKE  AREEE
R, /t, R,/t, R,) /1, L/t, I/,

e B TR o 1)
bl/tl ﬁi a/( O)

AR SFANRHE 188.3 155 33.3 325 21.7 11. 67 28. 8
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Tab.2 Relative size of inner annular pressure tank with longitudinal stiffener

1/t 1,/ 1/t 1,/ 15/t e/, t,/1,
el 20a Bk i 0 24a BR 4N
5y 1 1 1.3 0.67 0.67 " A

RN RN
1/, ty/1, b/t TRAE ASR XIS B /1
fiif 5
. 1.5x15 1.33x13.3
i 1.3 L3 1,67 x4.33 = 1.5x4.33
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3 )

RARTT A N B AR SRR ML LT D7 80 Ar 85

2) A 2, ABE Tirf He e BBt , v k7K, A
T WO N5 RO SRl RS, BN e
MG DX I 2 AP i i e Al 52 B 7K s 1 Y
YERT, ¥R 235 ) Pe BERHOK

P 2 Sy g it o o s T o

(a) 24 1
(a) Load 1

(b) #ifif 2
(b) Load 2

2 At n
Fig.2 Load application diagram

1.3 S B IRARA R TR

PNE BN 10 R BE A B Tt s A 1A 23 i) i
PELTROIE TR Z Bl IE D7 ) (i ) SEfiR 4 RS, 1)
Z 0305 1) (fig i ) A 4 BRI . BRI 2 A
AR 3 FrR .

B3 Py TR AE B AR A4 s

Fig.3 Inner pressure tank’s overall structure diagram
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Tab.3 Comparing the calculation results of the initial scheme of inner pressure-resistant tanks under two conditions

I il AR -
I L I T T fly
NGl T8 18] I MISES Jij /1
w1l T -214.2 MPa -727.5 MPa -516 MPa 376.9 MPa 222.3 t
a2 T -249.8 MPa -952.8 MPa —-747.8 MPa 1041 MPa 222.3 t
WihEkE 16.6% 31.0% 44.9% 176.2%
g bRk HIABSE M b e
IR ST L) b &AL ) i MISES 13
a1 T —-42.4 MPa -785.1 MPa — 1133 MPa —-844.6 MPa
e 2 T -62.2 MPa - 866 MPa —-1104 MPa - 854 MPa
WiHEkE 46.7% 10.3% ~2.6% 1.1%
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Fig.4 Solid floors aperture’s topology optimization

variable space (black region)
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Tab.4 Stress calculation results of attention

area in OPTISTRUCT MPa
AR a b c

2 Tl 580 645.5 758.3

E T R 578 551.17 822.6
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Tab.5 Mathematical model of solid floor opening in inner pressure tank

B As &

R FIbR R

AR TEAR MISES W S1 A KT 750 MPa( #faf 2 4% ) 552 MPa(#ff 1 T.0)

fARSEHL MISES Ji ) A KT 760 MPa( 24 2 T-00) (823 MPa( i 1 T.40)

B XA B AR T 0.6

WHEFEM MISES B 3R KTF 700 MPa( #4572 T.00) 552 MPa( #ifaf 1 T.40)

EY
SEIAR %
Rl

ML WARSTHR MISES L

i RSERL MISES )i J7 A KT 870 MPa( A 2 T-600) (823 MPa( i 1 T.40)
BT XA B KT 0.6

S JJANKT 700 MPa( fif 2 T-40) 630 MPa( i 1 T.40)
Jiy R SE M MISES i JJ A KT 760 MPa( 2 2 100 ) (823 MPa(#fi 1 T.40)

H=
iR
Btk MISES
IS T3 e /ME

BT KA AR T 0.6

WO FeA MISES [ JJ A KT 700 MPa(#8fi 2 T40) 552 MPa(#fi 1 T40)

fiRSEHL MISES Ji J A KT 760 MPa( 24 2 T-60) 950 MPa( i 1 T.40)

B XA B KT 0.6
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Fig.5 Solid floor design space unit density diagram
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Tab.6  Solid floors topology optimization calculation comparison results MPa
2 T By 1 T
PIES
a b c a b c
LYY 580 645.5 758.3 578 551.17 822.6

FHE1 752.5 673 760 755.64 552 806
ik 1005. 8 664 843 1080. 6 541 771
FHE3 716.78 675 760 716.83 555 807
EX 752.53 673 760 755.68 552 806
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R FRERRATEEREXFEXEE OPTISTRUCT FRAHEER(FES ~6)

Tab.7  Stress calculation results of the area of interest after extending the circumferential tank

area in the OPTISTRUCT (case 5 ~6) MPa
A 1 Lo A 2 T
VES
a b a b ¢
HES 581.34 482.56 830.44 588.25 620.09 770.33
FE6 421.71 473.54 822.43 486. 17 597.78 668. 66
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Tab.8 Schematic diagram of cell density after reserving different design variables
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Tab.9  Stress calculation results of the area of interest after extending the circumferential tank
area in the OPTISTRUCT( case7 ~9) MPa
#far 1 T Hff2 T
IR a b a b c
HET 401.92 432.63 585.53 410. 65 379.88 699.8
ES 401.62 405.38 589.24 412.52 336.09 705.98
%9 342. 64 382.78 529. 65 321.87 318.8 694. 36
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Fig.6 Schematic of solid floor
opening form optimization
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Tab. 10 Comparison of optimization results of open slot under load 2

ER T2 -1 &3 -1
FHIE &
FHEEBUE  SFE e BUE FRiE A bR FHEmEUE fRiE A bR
LB BT 222.3 ¢ 215.65 t -2.99% 215.5t -3.06%
A A== N
KB TEARAL ~249. 84 ~240.72 ~3.65% ~240. 84 ~3.60%
REITENEINY)]
AR 2 AL 3
R *Ef;zfé;éif%ﬁ ~952.84 ~1015 6.52% ~1012 6.21%
5T ] 7] 1y
LIEN-T A .
BEGER ) TG da AN TG | B A —-747.75 —787.06 5.26% —-785.72 5.08%
5 o)) B
SRR H i 1041 1031 ~0.96% 1032 ~0.86%
AR MISES )i JJ
Y\B B  EAR B 17 ) ~62.19 ~65.37 5.11% ~65.22 4.87%
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RETE AN
Hlj-E MISES Ji /1 ~853.96 ~865.96 1.41% ~867. 11 1.54%
W& SR -
SZR A MISES 7 77 801. 19 861.39 7.51% 859.19 7.24%
HCRFIE
i SRR JE 1 R S ~833.06 ~893.8 7.29% ~891.48 7.01%
SR S 186.74 ~270.93  -245.08%  -275.95 -247.77%
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Tab. 11 Inner pressure tank instability characteristics under load 2 MPa
] w1 TR A2 T
Bk
VES T2 -1 T3 -1 yE T2 -1 TiF3 -1
1 9.93 9.94 9.93 9.85 9.82 9.82
3 10.01 10.03 10.03 9.98 9.98 9.98
5 10.03 10.05 10.05 10 10 10
10 10.21 10.22 10.22 10. 19 10.18 10.18
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Tab. 12 Eigenvalue of stability of individual tank model

under two conditions

MPa

TE a1 T o 2 00
ES! 24.6 20.97
Jrd2 -1 23.82 19.79
JrE3 -1 23.41 19.35
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pressure tank structure of submarine [ J]. Ship Engineering,
4 zél:l@ 2000 21 —24, 31. (in Chinese)
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