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BRUEXASHHABEERITELSHAEESR
Bt 3 B AT SE R 3

Yoot , ML VEE RV, B A JE R 2, s /NI B2

HeifE AR A TR G Al AR ol b5 100028

E AR VR % 402 a5 1Ok A 4 K R A R AR U (LNG) 9 2 223
1o A HEVE TR 1A IROCAS TS A F 48 o B . = ek FIAME A8 1 1%
FEALAF AR BOR BN, S B b, S AT i RN T LASCTE 5 SRR A7 B8 235 40 5 B2 A 55 , IR
FHEE AR B A 0 o 10 SEHURHE S B A% O AR A B S B e B, T LA i S B A
BT TR SR , I IF A FRoTTH B A RE g s, 45 2R 3R B, 40 fi 9 X L A L
AT BT B 2R, AR Al S 1 i 2 VR Ak 7 22

KR AR HURVE 5 5K S e B s A e B s T Sk

WAL KRR (liquefied natural gas, LNG) H R
R — R e Sk b (B0F 2 ) g T )
BH BT IE RS, e s i SR IO B 4L
S 1 WA TR SRR T LT, PR AR 2 At A T
et R ARl T AL E R Z - 162°C I AL
RARZREARIRZ 56, A Zhid N5 m Ze A B9 i
2 MR35 65 m/s B KA 28052 0, i 24 H. 25 DL jd Xl
R A SRS 28 NRE , B ML A
T A H S 2 AU, 1A EAUD R E R
12 LNG HURVE 3503115 1 i A9 G BB AR, 24 LNG
iz B RIS Bt L A Sk I, 8 o VBORH SRR AN

HURHE 26, A B A b A U DR LNG ik 2= 30k
uif B4 Ak E T ] IR R P A 28 2 X (boil off gas,
BOG )it et [l B L AR I U, 3R [1] 21 LNG 3z
O YRR TR N [R] SO 5 R A [, B Y
HURHE 25 i 1 s fdE ARk (B A
JIt B DA e SV N AR S A AR T
S MR A . R B R B (emergen-
cy release system, ERS) J& HUEVE 1) SCHEAZ O FB1F
38 B SR HIRGIEL K S 454 , — HO R 5GP AR Bk
], 75— RATIF R B B A d i Bk R
AR FHLAE B 2 O, LNG 328 5 5 22 5 HURME &
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; ::> ' = himheskk
/ JiGAR e ek
POE R/ Tt 2

Bl BT LNG HUBHE 2544

2T, LR 2 B e e R 24 Bk OC
PAT, K P T O 960 4 0 5 2 A, (4453 o A9 R G R
TS DR EHURHE RS Sk 1 4%, e A TR
EHH ., HETEN X LNG HURHVE B Aot , £ 2
FEHEURL T2 MY R T DA S 2 258 RGE 2 43 55
AT, A L 5 2 i 4 Y 9% R AR S M B S
W RE T . RRFEHES T =4 LNG HUBHE
TEECE TR, X EHDRE 15002 1 R R A T 3 AL
I3 . RIS HT T LNG EHURLE 5 4k
)& 2R, AR LNG $22 05ty 1R A 5 R 8 3 1 e
BRI . MR = AE I R T R A
R SIS RCAR ST, 430 T M DL 2P BR AT 15 2
M EENE . SFFEUE I T HURE 2 g i fE rh
FFOG IR, $i ) AR 550 e A 7 R i o BRI 5
SEUTE R T HUBPE e BB AR D IS B T
LRGSR TR A . ERAE 0 TR
LB BRE E B E I ZEA Sh VR B T R AT
B0 EHURE N 2 W R ERAE ik . B AT
TR AN B R AR R G R B R AT
T HE WA SR8 AT

ASCEE X E R B LNG HURVE 45 4 pEF T3
BN BB I, 3 T e UAT AL Y
FES PR T A R s e At
Rt 0 6 A 0 2 A P A

1 HRBSATESSH

1.1 EBWEX S

1 G 1 PR ) 43 T 32 38 2k o T A A 76 A e
T AT AL E SRS M A sh Ak B
B . T EURPE R R R A £ HEORS 40, R
FHT 2034300 4 PRAS 8 7 3, BIXEAS [) 38 44 264 5 1)
FI LA B8 o0 254 A AS 1 5 Y, RS B LS B
1, N AR 3B 55T s XA BRI 3 45 Ha) Ak A% AL
WARR R T 40 A% LA K B AR A .

VR R SR BRI HEA T I ) 43T, SRR AT
AT R R A R S TR AR BT A
1A, 76 K EURHE N 1 N AR, EERAT
C3DS8R #70 (Rl 8 45 5 6 I {4 2k ik 455 £ 43 BT )
F1C3D4 BT (RIPUTHAR R A PR TT ) o ZRPE 4R TR )
MU S B T H L A ST O — A
U A Mg 2k T AR5 & AR 5 U] A B4 H N AS
FEAEFI M A IE I S B 4 SRRG 1, RIE T — 2 Y
MRS B, A i B RR 5
1.2 HRIEEHRSERED

R DAL (1) DG B 25 48 S50 AH N 1 RE S5
TARRES e =BT gl Sy RV RS K
YA A FRITO T A ABAQUS HEA T /1%
3T, T REEHRVE AN [R5 28mr 04 12253 o
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VR A1 20 26 Y ] 3 22 oy SEDRPET A w8 22 LA
LN SMVE R BEBRAE , 73 Mt B EVRHE TARIRS 322
BLAE 8 R S R 3 AR, R 2 .
BT HURPE FE R 06 S A0RAS , W S5 AE
AT, B FISNE I A RO 1605 EHORAS T, HURE

(a) #HPIRAS (b) HEHIRA

T RIS 50 5 T 2, NRE AN 1 5 118°, (N
N7 AR R AR BE N 870 WA i B TR, RIXUR i sk
R A GE I DL AT LNG 32 i i B T A X e, £
RV 5 iz S SR LR RS ME B AR R R
135°, NEF IS AL (9 £ )3 8 850,

() BB

K2 EHEVE a5 G R R 2 B IR

1.3 EREERE TS

M4 bR viE ML YE BS EN 1SO 16904—2016, HIK}
T 5 25 R T B A 43 0 A #R A (DL) 1R 2y
(EL) . JiidAR &4 (FL) % it mm7 (PL) #43aw7 (TL)
FRER (85 AR 20 19 KGR W Ls I 245 20T 19
JRTH WLo) , AR R 7 %5 JE A 35 12807 1 2
F 1R,

F1HBVE RO AT O

Fe #E A VIR J7 K XS,
1 #%H DL+WLs 1.2S,
2 #%H DL+EL 1.2S,
3 g DL+WLo 0.88,
4 ek DLAFL+PL+WLo+TL 1.58,
5 Babie DL+WLo 1.18,
6 BABE  DL+FL+PL+WLo 1.18,
iR R Aoy EL W 3 Tz 17 38 % T4 (OBE)

% 1& , OBE RN R 21 il R Gk S5m0 R 50 FBT
A SRS B A TR B KRR R R E RSt
T2 RERE PRUE S e 4 o HbRR AR Ao I %5 1
HAERS S T 1 A4 T TR B e AR o AR A
BLLNG 20l BT SR A , TS B2 R E R S
Bra . WE 3 iR , EHURME Py R AN oM 45 26 1) 4
SIS S 1 S, MK R 0.43587 Haz, J&11]

U,Magnitude

+7.283e-01
+6.676e-01
+6.069¢-01
+5.462e-01
+4.855e-01
+4.284e-01
+3.642¢-01
+3.035e-01
+2.428e-01
+1.821e-01
+1.214e-01
+6.069¢-02
+0.000e+00

t": ODB Job modal odb  Abaqus/3@@ndard 2021  Thu Oct 20 09:44:07 GMT+08:00 2022

Stey
Mod 1Va|ue 7.5003 Freq = 0.43587 (cycles/time)

K3 RS LIRS RIS

42294262 s, U 4 s, HUBVE AR S5 R IR 3
IR S NS T B ARZS  BR O 1.2374 Haz, JE N
0.808146 s.

U,Magnitude
+2.740e-01

+1.142¢-01
+9.133e-01
+6.849¢-01
+4.566e-01
+2.283e-02
+0.000e+00

%_‘ ODB: Jsobz modal.odb  Abaqus/Standard 2021 Thu Oct 20 09:44:07 GMT+08:00 2022
p-2

X St:dg
e 7: Value = 60.451 Freq = 1.2374 (cycles/time)

P4 VR EARES MRS s
[7 Fof KR 31 2% NG 422 Wi il 152 [ 1t 7 3 22 i
TEHE T HURVE I AR, i 2 PR .



—t

108 www .kjdb.org

R 2024,42(13)

K2 HUBME N A

. i A g
(A
K 2]
HRE S E a,:0.1259 a,:0.081631002
HEI SRR NNy 1) a,:0.3219 a,:0.20878197

L o, A IE KB LA 5 a, iy A5 T 188 1 o S L A 5 o A
SEAE KV AR 5 a2,y FE AR A9 28 i o3 JEE

HPEHLIE BS EN ISO 16904—2016 , XL 2 fir 7
AN F T W), B 3R A
q,=0.613K, - K, - V*I (1)
A, g, MTERARAKALLL b, BN Z Ab 3 s, N/
m’; K, 0 1 B R 7 A B s FE AR 56 R 80 K, R MBI TR
FH1.0);VALA3 s FERUXGE T, m/s; 1 A B
PR (B 1.0).

£ EditLoad

Name: Load-WL

Type:  Surface traction

Step:  Step-WL (Static, General)

Region: Surf-WL [3

Distribution: | Uniform M f

Traction: General | ~

Direction
Vector: (1,00) Iy

csvs: [Global o

Magnitude: |0.002225
Amplitude: |(Ramp) M n

Traction is defined per unit | deformed area v

Follow rotation

(a) # MBI

oK Cancel ]

K, A8 LR
K=201X(ZIZ )2/ (4.6 ms<Z<Z,)  (2)
A, Z AR A LA B 10 my Z, i, —
Pl VAL R i 3 1] D, BR 213 my o MR R B,

MRAEIE 15 D HC11.5.

CIEE @i '@ s
MRAE LW BT 3Rl E AR —8 3 s P2 KU
4229 m/s,3 s FEXRE R 29.2 m/s. [RIEES %R
JEQT/T 398—2013 ¥ CUMEEY . TAERGEAR A T
20 m/s, JE TAERGEAN KT 55 m/s, 8 o i fin 22 1 2%,
far B 7 2t I XUz, TR RN E 5 R . e )
R E £ FARE T KGE R 55 w/s, THEAS HRUE R

2225 Pa; iE 2o 8 B 20 B KGE A 20 m/s,
KUE K 294 Pa,

$ Edit Load

Name: Load-WL

Type:  Surface traction

Step:  Step-WL (Static, General)

Region: Surf-WL [y

Distribution: |Uniform o mw
Traction: | General %
Direction

Vector: (1,00) 3

CSVS: | Global [

Magnitude: |0.00029

Amplitude: [Ramp) M IV

Traction is defined per unit|deformed area M|

[ Follow rotation

oK Cancel

(h) HEHAE

P5  SHDRE A0 JRTHT A 35 DR A

1.4 HRBSEHWERTITE
TR T AN 75 485 #4212 S AR T R )
S, R LA PRI H A /N (S, BUE N2 3 TR ) .
1) o /1.5, Hr.ss M Jm IR

2) RERN 0 2.4, H o MBI
EO

T3 A TR AR, , BeAE FH B
Tt 4R

3BV ) A

1k S AR SEEE /(N +mm™) YS/1.5 W BR AT 5 UTS/2.4 FEARVE BT S,
0355D 355 236 630 262.5 236
ASTM A312 TP304 205 137 483 205 137
F4  H/HTHAFEAYEEBETRN S
Fe o B PG ey IR 7 (K XS,) ZER RN 1/ MPa BBV F1/MPa
1 %l DL+WLs 128, 283.2 164.4
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FIZL
TU

T F A X 3L R A T
T OUHEAS RLAF, AN 6 P o A = HERE K F A1
’T%‘ﬁ@’ﬁ?ﬂi&( 7SR Ak ) F 0 A T i A

8 DI S (RO, 7R EVRVE 25 M B A

ST S

S, Mises
(Avg: 75%) S, Mises
+1.669e+02 (Avg: 75%)
+1.530e+02 +1.669¢+02
+1.391e+02 +1.53OZ+02
+1.252e+02 +1.391e+02
+1.113e+02 +1.252e+02
+9.737e+01 +1.113e+02
+8.346e+01 +9.737e+01
+6.955e+01 +8.346e+01
+5.564e+01 +6.955e+01
+4.173e+01 +5.564e+01
+2.782e+01 +4.173e+01
+1.391e+01 +2.782e+01
+5.409e-03 +1.391e+01
Max: +1.669e+02 " +i?069620302
Elem: PART-1-1.9506 - aalnobSe
e 1 e 69202 | Teiern: PART-1-1.9506
Node: 21306
z y ODB: Job-1-1020.0db  Abaqus/Standard 2021 z
Step: Step-WL
Increment  11: Step Time = 1.000 ‘2
X  Primary Var: S, Mises X

Deformed Var: U Deformation Scale Factor: +

K6 HUBME & H T00 T iE

HUBVE 2 AR S AE | AR SCHEEAE A

ODB: Job-1-1020.0db

Step: Step-WL
Increment  11: Step Time = 1,
Primary Var: S, Mises
Deformed Var: U Deformation Scale Fac

HZ 1o

K5 A HITLOUT G 2 A

FAAELER . 455 HRVE T S E bR R, 2 BT TD S, Mises/MPa
A GRS 0 M F2 A AR AR S AR TR FLAL | 2B 81272 79.0549
. . . e 207926 73.9141
K LA e Sk e 37 o W T R 1Y 875934 1102820
. v, . N — ‘,: F Al .
S, Mlses(Eﬂ/% TR ) an gk 5 Fiw , HURMVE & 399673 477311
gk THOIH A R 7 Frs o 433431 72.3975
i@?ﬁiﬁﬁ%ﬂﬁ%@ﬁ AR A TR 515974 250.9280
s . 523365 253.5250
fuf KA A, HRATE B 1 ER 6 s .
§, Mises
(Avg: 75%)
+2.631e+02
L] ii7i3ei02
A bet02 e
+1.383e+02 +4.385e+01
+1.257e+02 el
B iyl
I?ggi::g} 81272, 79.0549 Ef,{,"e Z’?Z?gl'za"m
+6.287e+01
+5.029e+01
+3.772e+01
+2.515e+01
+1.257e+01
+7.58%¢-04
Max: +1.509e+02
Elem: PART-1-1,125945 87534, 110.582
Node: 132480

Z

\y,x
(a) SEHEZ G
7 & TN R Ak

Max: +1.509e+02
y ODB: Job-1-1020.0db  Abaqus/Standard 2021
X Step: Step-WL
Increment 11: Step Time = 1.000
Primary Var: S, Mises

ODB: Job-1-1020.0db  Abaqus/Standard 2021  Thu Oct 20 C
Step: Step-WL
Increment  11: Step Time = 1.000

Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +3.797&+00

(b) L#H32 T30
452 IR DL
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ODB: Job-1-1020.0db  Abaqus/Standard 2021
Step: Step-WL

Increment 11: Step Time = 1.000

Primary Var: S, Mises

(e) SCHEREZ TR DL
K7 #& 00T ERE R4S

Y

#6

S, Mises
(Avg: 75%)

S, Mises Max: +2.802e+02 +1099e102

f =10
' pe T
+2.802e+02 ETANER e
+2 5695102 e
+2. e+ 72.397

| +2.102e+02 Se7d3 %y, TaP T na —
+1868e+02 Ny
1401e 02 Max: +1.009e+02

+1.401e+ Elem: PART-1-1.220367
= R
+7.006e+01
+4.671e+01
+2.335e+01
+1.042e-03

Max: +2.802e+02

Elem: PART-1-1.523362

Node: 489421

ODB: Job-1-1020.0db  Abaqus/Standard 2021  Thu Oct 20 08::
Step: Step-WL

Increment _ {1 Stap Time = 1.000

Primary Var: 5, Mise

Deformed var. ) Deformation Scale Factor: +3.757400

(d) ¥ sz 3t i
32 Sl (%)

A T B HEAVE FI TR T

¥ i Hifdl & VFRIR 1 (K xS,) ERIVF N J1/MPa B VT HI R J1/MPa
4 FERRAE DL+FL+PL+WLo+TL 1.5 8, 354.0 205.5
TSI BN 8 TR | FELL S B LR

PRI R SR A 0 B m e
PR 8.6 O T 2%  HEA 74 0 R 3 A3 T35

SM MR VAR OB WD T

W TS L, IR h % 9 0 BL AT W A

i&kﬁ%ﬁﬂ‘zo N L, S

Node: 627314

BB B T A3 A R ORT R, AT H
BTN S AN 7 Fiow .

VR EAARZE A7 11 00 R AT, fa b ki 32 22
7B Y S, Mises Q146 8 FIr7R , 52 J1 1 DL AN & 10 7R o

S, Mises
(Bug: 75%)
+9.399e+02

S, Mises
(Avg: 75%)

+1.579e+02
+7.970e+01
+1.500e+00
Max: +9.399e+02
Elem: PART-1-1.518718
Node: 506623

Elem: PART-1-1
Node: 612726

GDB: Job-30.0db Standard 2021 Wed Nov 16 1:
Step: Step-WL
Increment 11

X Primery Var: 5, Mises
Deformed Var: U Deformation Scale Factor: +1.000e+00

7

EV8Y

X

1.000

(a) SEAERZ 1L
B9 HEHETOL T HUARVE 3042

ODB: Job-32.0db Abaqus/Standard 2021 Thu Nov 17 16:22:50
Step: Step-WL

Increment  11: Step Time =1.000

Primary Var: S, Mises

z
ey

P8 HVEME %5 TO0 N I8 SZ i

eszssz

008 Job-32.00b  Abaqus/Standerd 2021 Thu bow 17 16:22:50 GMT+08:00 2¢

Step: Step-wi
Increment u | Step Time = 1.000
ary Ve
Deforeyed var 1) ‘Geformation Scse Factor: +1000e+00

(b) L#akesz It
2 1

R 2024,42(13)
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S, Mises

SNEG, (fraction = -1.0)
(Avg: 75%)
+2.085¢ +02

+1651e
Max: +2.085e+02
Elem: PART-1-1.892685
Node: 592468

Step: Step-WL
Increment 11 szap‘nme- 1.000
Primary Var: S, Mis

(¢) ZHFZ I
B9

#27

ODB: Job-32.0db  Abaqus/Standard 2021 Thu

Deformed ver: Ll Daformation Scale Factor: +1.000¢ +00

s, Mises

(Avg: 75%)
+6.632e+01
+6.080e+01

+3.203e-03
Max: +6.632e+01
Elem: PART-1-1.628433
Node: 570087

(d) HehhAesz

151

HEHE T BT HURVE TR 2 DL (28)

B ES OBV BT

¥ i BT

VFHIR 1 (K xS,)

ZERVT I T /MPa IBVF N J1/MPa

5 Py DL+WLo

118, 259.6 150.7

28 BEANE TOUT fa KA 2 A BN E

FT 2SR mT 0, SR N K AR R FH @356 mmx10

FAILID S, Mises/MPa

mm [ Q355D N4 il it , B AR S5 F 5 R &, L

122.5210
36.5389
19.9454

129.1150

219.7870

220.7150

196.9940

193.1630

846157
906053
779560
904222
1097220
1122084
1131525
1097380

b PSR B 55, EEUCR FHREIE R 12 mm 52 Y
AR il 1

B2 SIE BN E 11 Fr s | 78 Bl A XU G
HEERT, BB 00 R4 R 2

S, Mises
(Avg: 75%)
+1.298e+02

S, Mises
(Avg: 75%)

560, 19.9454

+7.781e-04
Max: +1.298e+02
Elem: PART-1-1.778233
Node: 705642

ODB: Job-38.0db  Aba
Step: Step-WL

Y Increment ~ 11: Step
Primary Var: S, Mises

tandard 2021 ¥
1.000

i

X

s, Mises s, Mises
(Avg: 75%) (Avg: 75%)
+2.438e+02 +2.438e+02
+2.235e+02 +2.244e+02
120320403 12050640
+1.829e+02 +1.856e+02
116260102 116816402
11422e102 1114676402
1121107 112736402
5 iseidt § Stderor
e+ +
i3t ol uﬁaplszs. i 44t Rgin
. e+ +
+2.032e401 22388¢ 320,725 30166401
173570704 20, 219.787 0736401
Max: +2.438e+02 38e+02 Max: +2.438e+02
Elem: PART-1-1.1122559 Elem: PART-1-1.1122559
Node: 1043973 Node: 1043973

S, Mises
(Avg: 75%)

Max: +1.973e+02
Elem: PART-1-1.961940
Node: 847944

Max: +1:973e+02

ODB: Job-: 38 odb Abaqus/Standard 2021 Wed Nov

Nov 30 07:2 Step: Stej
Trcrement " i1; Step Time = 1.000
X Primary Var: S, Mis

(b) b#RZ IO

(Avg: 75%)
+2.098e+02

+7.569e-02
Max: +2.098e+02
Elem: PART-1-1.927681
Node: 805305

Max: +2438e+02

z
y ODE Job 38.0db Abaqus/Standard led Nov y X ODB: Job- 35 Odb Abaqus/Standard 2021 Wed Ne ODB: Job-38.0db Abaqus/Standard 2021 Wed
§ tep: Step-WL W Step: Ste X o] Step: stepWi
z Increment 11: Step Time = 1.000 z Increment 11 Step Time =  1.000 y Increment  11: Step Time = 1.000
Primary Var: S, Mises Primary Var: S, Mises Primary Var: S, Mises

(o) STHEARZ I

(d) FehhAe sz 1B

K10 BB o0 N HEVE a2 11 il
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S, Mises

(Avg: 75%)
+1.147e+02
+1.051e+02
+9.555e+01
+8.599e+01
+7.644e+01
+6.68%e+01
+5.733e+01
+4.778e+01
+3.822e+01
+2.867e+01
+1.911e+01
+9.556e+00
+1.162e-03

Max: +1.147e+02
Elem: PART-1-1.707821
Node: 591577

Max@+1-147e+02

ODB: Job-38.0db Abaqus/Standard 2021 Wed Nov 30 07:
YV Step: Step-WL
X Increment 11: Step Time = 1.000
Primary Var: S, Mises

K11 HURME 5 2B e oL R A2 1 Bl

2 HRBERESHREBRETEMS T

21 ESmBRELMSINIG

WE12 FoR , S Es e 8 2 oWk | &
S Bk AL P R GT SR . BBk I
L 03K ] 5 ) R 2, BR R 2 A
P A R RO AR SR o W ST — it K I ity
5 Wb BB, — i S AR S WA AT, F
P56 OSBRI P o AR BB SR FH DUGEATAILAL
HEFFHLRG 8 i f 4 Oy S BRI R, — i
VU FF 25 R PR UEAE Zh 25 A i As e M, o — 7 i AT [
A UK K I A, (5 XK I [R5 S F e,
LB B AR A PR R A S A
ERS — M 42 % T HUBE SME | HUBVE 1E 5 HUBH

Al ?/‘Sﬂ

-
\lsTn bl

1= R 22— M ;3-305a 50 E T 4 A aR0T
SR AR 6—AE SRR ;7 F 48— 4
El12 2R B ERS S5 H 4

KRR R AL T8 PR o HE ot 3 ) LNG i), 0B
B 5 LNG iz S i B e 1, 4ol e A R AR
B VRV S s R A o B, 1 e SR s R L
AR, By 1 BRI O P s 7 AR B G . RS
ERS U ALK S &SI , A sh b (] 20 4k 2l i il
10 L S A0 g 11 3 b B BT & 90° , IR g 1] Ak
TORUPIRZS . BG4 BB BT, B S B
ST, IR IAESN TR R 20 B, Sk, S 3k i
H T T s R B B B iz s R
W EHURVE b, 98 1 LNG HURHE 1 5 2 B B
0 TC A o P A DR AR R AT, RV e ) e A
BB R] US 2 B S B, R SRR E B
F BBy SR D BE I R 22 U o i XU
e T B0 5 Sl 2058 2 52 B A I ] AN 7 s, B
JId B 2 " BT R AR B8 W DR VDI 20 B LT R UK
JZ  JFRERE PRAIEAE AR PRI SR 223 B2 A7, 8 i
IR A RE T R T B S R A AT AR AR
SETES
22 \EHPRKEEZT

i SRR B A s A 13 R, BR
SRR R 3 ) 2 4 TR Ay &R AT , 60 5 P4 P 2 TR PN
R TAT , 38 o AT B A, e KL R R A e A 2 4
BRI ARG B o 78 24> 5K 1R 2 ik 4 3 T8 2 [ 5 5
A RE A B R 400 3 B Ak A R 2 R i
I 5 42 A, O HLAE EVRVE ARl ad F AN 1 8
R T S TR 22 (DA S A Ttk TR , S5 AS BE TA S b
s RSl B BT o

; N
- 4
9 ,7 5
5
3 [ —
d
1— bR 205 3~ T BRI AR 5 4— b 50 1 )
S—FALE A E 60— TR R &
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Structural calculation and analysis of the unloading arm of liquefied
natural gas and the reliability research of the emergency release
system

YANG Liang, XIAO Li, XU Jiawei, HAO Sijia, QIU Zaoyang, FAN Jiakun, GAI Xiaogang, CHEN Ju
Research and Development Center, CNOOC Gas & Power Group Co., Ltd., Beijing 100028, China

Abstract The LNG unloading arm is an important channel connecting the carrier and the LNG receiving station pipeline to
transport liquefied natural gas, which is called the "throat" of the receiving station. In this paper, The finite element structure of
the unloading arm is calculated and analyzed for the first time, and some design optimization suggestion is given. There is a large
stress concentration at the joint of the three—dimensional joint and the pipe of the outer arm, the structural design process should
be paid attention to. The structural strength of the lengthening position of the support box is weak, a pipe with thicker wall
should be used. Aiming at the emergency release system of the key core components of the unloading arm, an innovative hoop
locking mechanism is designed based on the principle of mechanical dead point, and finite element calculation and performance
test results show that the stress and deformation of the hoop locking device meet the design requirements, and that its stability
and reliability also meet the needs of the unloading arm operation, thus providing a reference for safe and reliable operation of
large LNG unloading arm.

Keywords liquefied natural gas; unloading arm; emergency release system; hoop locking device; reliability
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