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A TR H Sk T AR M T AR B O
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AR R SCR S Uel L 22 AN SR 2
F2 HHARELE

GRUP UC 25MH  EEEM/AN  UCERM  UCHRZME

701 0.15 636.275 0.57 0.72
JX4 0.32 556.197 0.67 0.99
PG3 0.27 438.177 0.71 0.98
JX1 0.33 437.144 0.62 0.95
PG4 0.23 344933 0.72 0.95
TP6 0.27 319.353 0.52 0.79
JH3 0.32 272.050 0.66 0.98
JX2 0.06 233.753 0.88 0.94
JHI1 0.21 205.586 0.37 0.58
TP2 0.19 168.406 0.33 0.52
JH2 0.38 166.390 0.41 0.79
PGO 0.39 159.822 0.47 0.86
TP8 0.19 118.406 0.33 0.52
PG6 0.15 111.200 0.29 0.44
LO1 0.25 99.582 0.50 0.75
TP7 0.15 98.416 0.31 0.46
PG2 0.13 92.685 0.82 0.95
PG5 0.15 82.628 0.27 0.42
JH6 0.22 82.404 0.32 0.54
JX5 0.24 82.261 0.47 0.71
PG1 0.37 79.681 0.51 0.88
K01 0.32 63.086 0.24 0.56
JH8 0.28 52.785 0.43 0.71
JH5 0.14 52.586 0.28 0.42
JH4 0.06 46.666 0.11 0.17
PG8 0.30 36.564 0.44 0.74
JX3 0.21 34.730 0.29 0.50
JH7 0.18 28.654 0.33 0.51
PG7 0.32 26.097 0.66 0.98
K04 0.36 22.535 0.45 0.81
LO4 0.22 12.974 0.45 0.67
JX6 0.25 11.287 0.51 0.76
K03 0.24 11.138 0.51 0.75
JX7 0.10 11.054 0.27 0.37
TP1 0.01 6.826 0.01 0.02
TPA 0.01 3.052 0.01 0.02
TP9 0.03 2.464 0.05 0.08

2 al %0, P4 201, JX4. PG3, JXI1,
PG4, TP6. JH3. JX2. JHI, TP2, JH2 X| H#H &%
AR, JREIITE 160 kN LI E, M B SCR £
FE A, NS T T PGO LA N AL E
WO AR R 22, B BIFFF A ARG Max UC
R, FHAHEEE,

WV S ERCRI M E LG %8, R
PERE Z01. JX1. JX4. PG3, TP2, TP6. JH1. JH2
IR R S, HRAT AR AL 2

33 BEWgITAR
Zeid PR, WM S m Ry
K, RICRDEEH L ETE, A H4LLE 2,

(c) HE=
2 SHERAUTFGHATER

FE—, NEeWmmEL kL, BEE 201,
TP2, TP6. JHI., JH2 FFIFA I EXS 5, AATE
JPHATIERRIEAR, BHEM—IK A GRUP Y REEJE [
B 0.2 emo FEPEIR L FEH, 4E— GRUP
Max UC k& s i 0.8 iF, % GRUP B HifEHF .,
AN, TCxF TR, EIRA R R, BE
JEE R/ f Fe 22 M SR RE SRR ) 70%

TR, WSR2 A B &,
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%, H A Python 2J%, SRJ5 I SACS #E171H R
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HE=, WRRRCRN A&, ARG
Z01, JX1. JX4. PG3 FFAd# TR AT

I ZASDr T E AN R T R 2 )5, RIS
2 F5H Y Python #2518 FH SACS S HEF T3R5
W, RS st fb s R .

34 BREHER
341 FE—

MR 3 AL, R — AR A > T
1391.451 kN, Z#4 JH1, JH2. TP2. TP6. Z01 %
F, MiAbJa MaxUC 1 0.8, XV AYBEE A 2 cm, 1R
EAER YN R R g L A T AP S 7oy ) B s Y e 2
Pt THL R ) 2 N 3 i o

3 HE-REHE

GRUP AL itk ia FZH
I MaxUC {8 0.37 0.49 0.12
WT {ii/cm 24 1.6 0.8
MaxUC {H 0.41 0.8 0.39
JH2
WT {H/cm 3 2 1
MaxUC {8 0.33 0.47 0.14
P2
WT {ii/cm 2.8 1.8 1
MaxUC {8 0.52 0.67 0.15
TP6
WT {i/cm 2 14 0.6
201 MaxUC & 0.57 0.7 0.13
WT {H/cm 6.5 45 2
/KN 29 561.544 28 170.093 1 391.451
For All Active LCs
Mem Result Combined UC
B 1.000+
0.750~0.999
0.500~0.749
0.250~0.499
0.00~0.249
Z
Ky

B3 BRAR—BERNEAZE
342 FE=
WdE 4 ES, R SIEE 1611486kN

(A4 16427 1), P44 GRUP 1, Max UC & 0.87,
HEFE IX1 AP, Z5MJR 7. R Xt
LEM A TR A T 2 5 AR A AT A g T A N

T =EWE 4 iR
x4 AERZBEUR
GRUP Ak KA ZH
Max UC 1§ 0.62 0.87 0.25
JX1
WT {fi/cm 32 24 0.8
Max UC 1§ 0.67 0.83 0.16
JX4
WT {fi/cm 45 33 12
Max UC 1§ 0.52 0.63 0.11
TP6
WT {&/cm 2 1.4 0.6
201 Max UC 1§ 0.57 0.7 0.13
WT {ii/cm 6.5 45 2
EEWA 29 561.544 27 950.058 1 611.486
For All Active LCs
Mem Result Combined UC _
B 1.000+
0.750~0.999
l 0.500~0.749
0.250~0.499
0.00~0.249
Z
iy

E4 BBAR-RERNNENEE
343 FE=
&S A, XFFE=mE, Syt
ZJnEE B T 1611.597 kN (494 164.28 1) ,
BARACLHFT 4 9 Max UC i JX1 1 0.87, &S
S o O S S O T (B R 7 Th | ) Wl =3 A
FENL Ay BT AR s 100 ) 2 AL S s .
%5 ARZBEHE

GRUP R flfb)s =
X Max UC {i 0.62 0.87 0.25
WT {E/cm 32 24 0.8
Max UC {i 0.67 0.83 0.16
IX4
WT {&/cm 45 33 12
Max UC {H 0.71 0.82 0.11
PG3
WT {&i/cm 6.5 5.5 1
Max UC {i 0.57 0.7 0.13
701
WT {&/cm 6.5 45 2
EEV 29 561.544 27 949.947 1 611.597
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For All Active LCs
Mem Result Combined UC

B 1.000+

0.750~0.999
0.500~0.749
0.250~0.499

0.00~0.249

E5 BBRAR=RERNNAZE

344 EBRFTE

H 3 6 £  RIRE EXT AT A, FR_E5HE
SRR RO BN A, WERCRAE T E—H
MR (FFE—WE 141.84 1; FFE W E
16427 t; R =JHE 164.28 1) . BRILzZAN, H%E
TBEH XD, JX4. TP6. 701, Jr % = BEHL X1,
JX4. PG3. 701, 2 5= TP6 fl PG3 &
], {HJE 7 % P FF44L TP6 # Max UC A 0.63,
M5 %€ = PG3 HFEAY Max UC 4 0.82, FEIHERL
FARIESL T, WM &, W kPE Max
UC B/ NWFFRAL

K6 SHRREYLERML

VES Al [ /AN HRALE B HE/KN FE{EKN
FH— 29 561.544 28 170.093 1391451
g 29 561.544 27 950.058 1 611.486
VE = 29 561.544 27 949.947 1611597

i bpng, SR TR, AT LURE S PRTE
PTEE Sy S i S 5P DO ) R D
JE A, TR R EAEN

4 LK

T R R R S R et TR
XA AL 34T . e . AL IR E 1
Wk% . SERREAE AT S 57 34 25 2 T % 4 VT
fiti o BEREA RIS, 0530 B A LA BROIR 2
FEAFE R R IR (Ultimate Limit State,

ULS) 5 IE# ffi F#l BRAIR A (Serviceability Limit

State, SLS) . ATHRIHEF FAZ MBS EE7ER T00 R AY

B R RER AT 2T ) R &% (Load and Resis-

tance Factor Design, LRFD) , 14 —¥ & # A8 Ttk

FRAREIEATRAL, Hoar B0 SR EOBUETE IR 7.
RT AREEENRBRKES TR HRA R

WBRLIRA  WEmER AR BREIMA R
ULS-a 1.3 1.3 0.7 1.0
ULS-b 1.0 1.0 1.3 1.0

SLS 1.0 1.0 1.0 1.0

4.1 FELLHHT

WRIGTT 5 B TAEAL il T o0 BEAT IR
HZ)m, MRARSHR 32 1§00, FHFR) Max UC
TETHRA RS BT T AR, AT LUR BRESH A1
UCE/NT 1, B2, B izt sz
H=EUE 4 fios.

WeAh, TERLorHrh, X EAT TR,
R HE ST AR AN 8 PR .

®8 HHARMEITEAR

g 1B 2B 3B 48 SBY 6K 7By 8K 9K 10BY

AR/
1, 055 0705 0.813 1.216 1.414 1.924 2.679 2.805 3.063 3.081

Z

bR T 456 ARRZ AN, 5K 00— IRV X
Wergh, BRI Y Mrah, —RriRAILE Z i
B, RIS X, Y. Z =AI7IEE 100 By 2115
S5 RZBUEIT 100%, VAN 25 #0175 w5
T2 ARSI EIRIERM, S5 X, Y, Z =4
J7 I PR AL 6 iR .

42 mBEHSW

FELYAGIFENR UC 2 FHAAKF-o EFXEF A
R H A A i, T AK ATk . Al AR far
. EMEIFERARUGE R R y = 1.3, BT
HAA MK, HEATE Max UC R 0.53, EH4
PR AR A F UC YR 1, TR D4
PR, AR A AR T) = EANE 7 R
43 HRRBEMEDW

FERA e R R ESE RIS, K
FIRERS LT TR . Pt . Bivi T L SR
Bi UTZE R AR B I 25 A0 580 43T

DA SRS R IR e 1 I 1 M A A T T 4
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For All Active LCs
Mem Result Combined UC

B 1.000+
0.750~0.999

0.500~0.749
0.250~0.499

0.00~0.249

(a) _EFRZLH

b) Y1
E6 ZEMEE—M_M=MiREE

Load Condition: 1.230
Mem Result Combined UC

B 1.000+
0.750~0.999

0.500~0.749
0.250~0.499

0.00~0.249

b) FHER

B7 BESTEAZE

Br, SRR, RAAHEIRS T SRR ZE
Ves O Ei:,  PIBORAR o i B AT A SR AR 2
PR . Zid WA, AT L AL AR E
ZOR, AN A I 8 R o

For All Active LCs
Mem Result Combined UC

B 1.000+

0.750~0.999

0.500~0.749
0.250~0.499
0.00~0.249

B8 ARRBEUINEAIZE

4.4 SEREIES T

T /A8 R S R SO0 ARl A A 2 0 R
i RE R B AL MR Tk . th T8A T
FESE, PSR SACS A ERY DNV TN A 202 fify
AR - M A 2, o TEEAL SR AT A
MR T2 DNV 1R E SE A RERE A BRI

IEHIZETERAE TOUT , S5 & EinE
PRFROIRZS s SRR TACT , 2R AR
WO FRARAS . SRR TOUS , BT E 5
Mr, TCAFRATT R AR SRR KSR RV ]
WARSEZN: k= EAE ke Ty [1ES| g vl whii 2 i S VA
EIAnE 9 frn
45 TRESSH

ity AR B s B O 30 4R, BRSO TR
K2 {Offshore substationsy (DNVGL-ST-0145) #j
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For All Active LCs
Mem Result Combined UC

B 1.000+

0.750~0.999
0.500~0.749
0.250~0.499

0.00~0.249

E9 #rTmbErSAAS UC ZE

FE, KB EECN 10.0, T AR s 45
9% 57 77 e A /N T 300 4. SEFAYIE 55 T B AT
— A R AT N, R SACS BT S-N Hhk
Il Miner &M BT TH 73 HE W HEA T IR 1592 55 4347 o

SER N 10 Fros, B ST RS
BREE 11 iR,

v B 10 e X A A T 57 A, TR AT
BE S5 R B9 57 5 A e /ME R 464.825 9 4F, HEk
DUTR 5 s e/ NI 55 78 264 672.5 4, 478 2
WK . [RIE, Xh F AR il S A IR A F
P 55 T R T T RS EE HEAT T A Rc R, A AR
R, VP E RIS e
FREK

B 10 EFHENS

Fig. Result: Damage E’ o ﬁ' %
M 1.000+ AN . “
0.900~0.999 X, | XY
l 0.850~0.899 b O, f
0.800~0.849 y/ 4 '

0.00~0.799

B11 FTARGER
5 %45

AR ST X1 AR L R R i K R S
B, A R A, 4R TR
Python T2 18 5 W SACS B4 % 45 ¥ e AT 1 3%
RATEW g, JFR T AR s e i A i f
5%, R FEBT,

(1) st Python I SACS B4 x4t Fy kA7
Bt it A RS M, RIHRTE
HHR TR A S AR TR, B
R 1 5 2 1) et FA il i 240 B D X 25 A 3R A T R R
PR I R T

(2) XF PR A AT AT D8 U S BT 2 )
BEVE ] 8 41X 4 AR5 A8 H R M R HLX A5

MR N R, T AR sty
% TR -INERVENAEEIE; TR IRl
ROR SR AVEREIFINZIE; Jr & = N e back
WS IR, S5REY], TR —E 14184, J5
FUNE 164.27t, TR TIHE 16428 to ZEAXTEL
SITZIG, AR TR R TR R, %
J5 SEHets 7 o RSS2 v HIEACR I B, B
PR RIS € o

(3) R T R EALRT 25, XA
Br. mAsrHr . AR RARE PR . SEMRRIERE 3BT
P57 5301 5 Fh T OLHEAT T AR I 2R . A% A4S
RRW, Bttt s 0 R IREE ) R 2 e
K, BB R R,
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Research on Lightweighting of Offshore Substation Jacket Structure Based on
Python-SACS Cyclic Optimization Method

MA Yuxiang"?, HE Xiaohua? LIU Bing’, CAI Dong’
(1. Power China Huadong Engineering Corporation Limited, Hangzhou 311122, China; 2. Key Laboratory of Far-Shore Wind Power
Technology of Zhejiang Province, Hangzhou 311122, China; 3. China Three Gorges New Energy (Group) Co., Ltd. Jiangsu
Branch, Nanjing 210019, China)

Abstract: As the power transmission and information communication hub of the entire offshore wind farm, the safe operation of the offshore
substation is of vital importance. In the current design process of offshore substations, large safety margins are often adopted to ensure
structural safety in the complex marine environment, which leads to increased construction costs and significantly reduced economic
benefits of the project. Therefore, in this study, a lightweight design study was carried out on the jacket structure of an offshore substation
based on in-situ analysis under extreme load conditions. First of all, considering the dual principles of structural safety and lightweight
efficiency, the SACS software was used to conduct a sensitivity analysis of the weight reduction effect of all the member groups of the
substation conduit frame. Member groups with a greater impact on structural weight and a lesser impact on safety were selected, and three
lightweight design schemes were proposed. Second, a Python-SACS cyclic optimization method for offshore substation jacket structures was
developed, based on invoking the SACS software for cyclic iterative calculations by the Python programming language to obtain the best
solution after optimizing different lightweight design. Finally, for the lightweight design scheme, the five working conditions of in-situation
analysis, lifting analysis, bottom stability analysis, leaning ship collision analysis and fatigue analysis were verified, and the optimized
design scheme of the jacket structure of the offshore substation is proven to exhibit good safety and feasibility.

Keywords: offshore substations; lightweighting; sensitivity analysis; Python optimization; safety calibration



