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Wave Response of Moored Multibody Platforms Based on MPS-DEM Method

SUN Yijie, XI Guang, SUN Zhongguo

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In recent years, more and more attention has been paid to the development of ocean
resource. Especially in the deep ocean, the development of the resource and energy usually
depends on the large floating structures. Multibody platforms are usually used in VLFS (very
large floating structure) to ensure the stability of the floating structure under the impact of sea
waves. Because of the multibody structure, the hydrodynamic characteristics of the platform are
very complex. This paper proposes a full Lagrangian algorithm by coupling moving particle semi-
implicit method (MPS) and discrete element method (DEM). A two-dimensional numerical wave
tank was established and the wave generation model was modified to enhance the accuracy of the
numerical wave. Moreover, the wave absorption model was improved and the computation cost
was reduced by 12.1%. Furthermore, the motion response of moored multibody platforms under
the influence of regular waves was analyzed, and the dynamic relationship between sub-platforms
was discussed. It was found that the closer the sub-platform is to the end of the main platform,
the smaller are the heave and pitch responses, and the larger is the surge response. In
conclusion, the design of large multibody floating platform should pay attention to reducing the
heave and pitch of the front sub-platform and increasing the bonding force of the end sub-platform

to prevent its collision with and leave from the main platform.

Wk HB: 2019-01-12, fEFHMI A Ah—WC1993—) . . AP EGEGEE . B . mlEZE., ELTH. BERAR
b3 4 VT Bh I H (51576154) 5 b Je i3 e SE AR IF Al 55 9% & T 9% 4 W B 0T H (x§j2017114)
[P0 28 BRI T] . 2019-04-17 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20190415, 1400. 004. html



8T

PN—T, 5 : MPS-DEM #4537 %k 19 2 B 3 101 7 4 5 VR 0L 7 43 A7 9

Keywords: MPS-DEM; multibody platform; numerical wave tank; wave generation; wave

absorption

TR o B B B RS R I U R RN A U
(4 TT % B R TF 45 45 R 11 1350, bl 37 1K
- B AE R — R WL i . AR R TR R
BEEEMMO ., T IRIEREVERT G2 sh i fa e
FF-& BN R %4 T 6 8545 Sk Bt 2 Bk
KEH., R 2B B G is 3 5 — ik
HHBFAENE 25, 7Moo B0 6 1iE s U
R 2 A5 HL 22 (8] (1 2h 25 0 135G Z2 % BRI TR ALV IR
R RSN (3l s

1 PR AROT & 500 TR A AR — N
S AR R P 1) L B R AR A M 2 B A AR LR K B
A MEAELR T . IR SR TSk
ARG VB W RCE I AR ASUA] BE 2 5 BUA K 9% 57
R 25 K 57 58 BAE I AR Ak X 28
02 % ) 150388 >R FH TG I s 301 D YR XV B i i
Bl [ 55 2546 32 1T 0 . TC S R T B X
BN — R AR 3 2 R AR 00 5 B A
JE 7 Kbt ) 2 e R R R S B E R . 5155
I 4 7 2 A B 5 TG I A ik ol e T I A R R I AR A
[F) R, 7l A VIR B A L PP AR YR S T AR R AR T 4
TG FEL [ 4% A8 T 7 5 45 ) 0 o) A 8 R P 34

AR O 1 22 2 K T N A% 1k 5TE I A% vk 5 H
b 755 1 R A SR I FH T L VR AR 5 A ) 1 M TR AR
TR BYIE 3 1, Shibata 28 8 57 7 = 4k W ¥ A5 14
BRI R ARG B sl b 72k e X (MPS) J7 2 4L
(B T WA 7E 5 IR T A2 s Y s Sun 55 OR
FAAT 4 SPH J5 B A48 T WK A s R A Fl i A AH
HAEM™ ;Zhang % F il MPS-FEM J7 i . 848l T %
PRV AT IR (A B AR S s Sun 44 MPS ik 5
PSS INERG R T d TRk AR S
BN SR FH TG A% 1 5 1 G0 TR 1% R
B R TR 5 VR AR TR] A A TR L Al AR
5% I 4 o BRI T AR 25 A D AT A7 A T A AR
HH B R AR TR 5 7 24 B A% o 1 IR A L 5 e i B 2
RAE B

I, A SCHEA T MPS, 2 8 i 50 3 (DEMD
Folt TG P4 7 0 58 A HE B0 T B50TE 153068 I A% 14 40
F0 53 R TG I M ok figp DRV TR 5 PR A 2 A ELAE
AL I A H MPS-DEM #6883k . R H MPS J5
PRI A2 3. K] DEM J7 35 85 B4y BV 1A OF
B o T oEx AT 2 S P R AT T & IE L K4S

http: // zkxb. xjtu. edu. cn

SO R D0 8 YR A T v A 0 BT I AR e 5 G VR e
T B BRI 5 AT ARG HE IR IE T A O AR
e HER M 5 f e BOE BB T A B VR AR T B AR )
LR il < B o) U A2 o R e i =l £ R 1 N S
WHE T P0G 5 MR X 3 2512 3l ) .
1 BUE I
1.1 MPS FiEfE AN
MPS J7 i i TR AR 0 AR KB T iz g,
AR T 7E R A% I H AESE T i 45 il 7 720
2t o7 w0 (D
Du
°De
o LA BE 5 0 3D ) R PE R B w g T A
s p RIETT f AR
L 2Z 18] A RE VR R 55 H LT A% R B

w(r) ZJ%_L T
o,

=—Vp+tpuViutof (2)

(3
r=r.

K w) A REAE; r= [ri—r; | WAL B WA KL
T i ZEEE . WETHEER R, BE
R I SCik (5 ek i B R, B

<VSD>I :%2 M(rj*r,)u'(‘ r, —r; |)

e |r]_ri|

1)
FE 3k 5 BB A ks oy
Py (1) LT+ g LT
(V b >i (1 a)AtV u; aAl‘z no
(5)

S8 o BUETEFE 9 0. 1), T A ROk /N E 1580
e AR SCHEUE A 0.008,

AR SCH A [ 2 T 0 Ak B SRR T R
T JE n<<Pn, (B=0. 97) Z Ak WYKL ) 22 b F T LT
I 9 R 2 kT R T BRUE N 0.
1.2 DEM & fr

DEM J7 ik Fi F i+ 53 [ AR 942 3 28 T8 K AR B4R
FH » Hovr 56 F [ AR 32 21 9 30t 151 AS A BL3L, [ oh 142
sl TRk

Du
mp, = DIF.+F.+F, (6)

122 STt (1)




10 [ . ]

K

%

R

Eird i 53 4

AP om Luseo 53 53 O B A T8 HAORL T (9 B 5 3
A5 A 380 E T 5 Fo VT 23 531 DAy [ A40ORE 3 18] AH
e fh 7 FE ) 3 R0 JT R s Fo T, 53 590 8 T AORE 1 32 3]
(50 3 AN 3 5 5 Fo T SR R RE 1 X [ L 1 1
JIFNSHE o A [E A B AV R e T ) S B
i 30 0 T AR 2 1T T 1) 34 [ 4 2 T ik 207 1) 4
GIEEN A PSS i AW

N
F. — || pas — ||| vpav — D «cvpad)
S 4 i=1

(8)
T, :*H rapdS :*m raVpdV =
—Z[(r1<Vp>>Z] (9)
%E{Io

KT [ A B A FE AR AL, R [ AR 5 ) 64 4 AR
M5 5 2 B B CIE 4 i B R AN 8] 1 froi
L 18] 2 figh 7 by P90 P 30 R0 L JE 00 A G HG 3k 1 23 B

IR O S N /N W |
F, =—#ké,—du, (10)
o { ko, —du,, | Fo | << f | F. |
—| F, [w/|u |, [F,|=f]|F,|
(1)

Kk od 8w 5 5 0 W BE 2R 50 BH e &R 8 42 fil Ao
B FRLF R L 5 f AR F IR BRI R 80 T hn n Rk
[ 5¢ FRaYlIa],

My

Bl 1 DEM $i fyl 5

(o] AR - 2 2 A5 A0 43 Sk A - ) 3 2 R V- A7
1 DEM i FiE AL 2 Bt BRP o Xy
A o RS TRk B A RN NI R TERL
TR F R 7 R R i RLR Le, Hop L
=Ry+Ry, G T =1, FAT % 7 b 3
fil 1 B 2Rt Horp R=R,R /(R +Ry,) » /N [ % 4
75 2R 1) KPR R, BHLJE & B0RT 42 fih T AR E R

http: // zkxb. xjtu. edu. cn

IEJUU

e

(b) P17k i 42
K 2 DEM i 7% $E 45 1Y

2 B AR A R ek
ERIEIESBHIER
T P 3 A P AN 7 2 O 1 3 BOE 38 AR E
G'ZLZﬁJ“ﬂ @ 1 B bR I B B i P ARGE B A
55 1 R 7 SR 5 AT B 45 08 3 W AR 1Y 12 Bl I (R
55T RIRT A Ty i 3 TR Y S PR S 8 S
Wiz SR A 58 4 — B0 AN IS T X8 S 808
SR v AR O o A3 O DR 1 T S i Ut L] A A
WE 3 FroR R F PR BB 0. 025 m, b S 4CH
16 095, 7K Jth 26 >y 175 25 =3 92 A, A M) A7 k3 =G
?iﬁ?ﬂ’f&Jﬂ‘i]]:)i%ﬂf"ﬁif"?ﬂiéﬁ]ﬁ’]?ﬁﬂ[ﬁ]o PILER!
il 5 AT 38 e . 45 08 1 IR OE B

2.1

2t
x = [sin ==

T
A 4 O R s T O it DA iz 3 A )
HEBL i

(12)

-2

6

12

BAm
3 byl Y PG T ZE 1S Pt L AT AR Y

L W Y TS A AT A L A 3 7 5K
SRl NS NTRSE R vIE e oo 1 R N S ISl [ NS
PRUE N 0.1 m AR 1.4 s B IE SR P AH IL . B R ok
TR 399 55 3 U WAz Bl ] S A TR o (ELR S D AR AR A
0.1 m . 38 A 52 PR i s B R HAFfE e sh. 5
Hh SR A s T X H 8 TR A i A 300 - i A e
ENV/RE




57 W Fh—i . % . MPS-DEM ¥l & 75 1 11 22 B 2 90 7 VA 0 306 B2 53 47 11
1.20F _ _ _ 0.61 - - - - BEEAXEK
L15F R N I A A B R
L1of - f A A !
' ln| A . 0.2
g 1.0Sf T
1AL -
= g 0.0
=100\ 3
g 1
-0.2 ‘ f)
0.95P! Vi i LA T T T B B W Y T T
II Y ' Yoo g ! :r T M TR VR TR :l o
o.90f+ ! b ¢h ' RSN
0.85 1 1 1 1 1 1 1 1 1 1 1 1 ] _06 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16 18 20 22 24 2 Y0 2 4 6 8 10 12 14 16 18 20 22 24 2

tls

B4 BRSSO B TS AT R

1151
1.10f hog i i
h
fy
1.05}
g
£1.00
0.95F X
! R o} N
0-90r il
HAE
085 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24 26
t/s

PS5 B O s I Y B el TS A AT A L

KA 2 )y 23 e i 6 2E 5 P AR Y K P
i 1) 7 S s sl R

U = %qp (13

o 4sinh® (kd)
W= 2kd + sinh(2kd) (b
7 = Hcos(wt) (15

o R TRAT R W KK I35 38 R g, o B B
WY sk RPEEd oK H R &

PR o 3t O X 3 D AR 14 32 Bl R R L B
WE 6 frx. HE 6 o] A, 764 R 3 i 2k k22
RT3 3 3 U AR 1) 2 B e (RN TR R 8 N T O
W BB U O 2C AR R B R I R
Wi A o T P v X I A R DO A% A R s o
T AR E Bl o 52 IR S B i R B IE L 3 5
TR A A O Y S BB SR B R S B
2.2 HIRE M

Ak Ik 2T Wl B e YA 1B s e o R
[11] 32 31 A 328 ¥ e AL U VIR A% 496 0 B S DT I B — IR R
S itk o BELJE 23 U 1 i 2 i D vt L] A5 A G &1 7 T
N o AHHE T PSR BT AR A BB B T B
KRR, SRR E. RSCRARE
VNS /52y 15 W ¢ I VA o NI I DR T S -
3ot S TH O A BRI AR R DR D T 12,106 A R

http: // zkxb. xjtu. edu. cn

tls

Ca) i P M iz 2l 3 JBE L

0.151 - - - - BEAER
— REAEH

-0.05

-0.10

1 1 1 1 1 1 1 J
0 12 14 16 18 20 22 24 2
t/s

(b 3t 0 AR 1) 437 % L
6 IRk i i 0 X3 ARz Sl B A6 S LR

_0.15IIII
0 2 4 6 8 1

R A IE B
=g
H
- i3
B
8 2

Birm
B 7 BEJE 2T D 04 I ZE D sl LA AR AR

TIHRRCR,
T e B A 2R FH XL o o 52 ) 465 1 552 B 90
AE (Y B8 B IE AN
, _jc“a,-, a, ~u_>20
aiila,, a, ~u<0
Xa’ WIBEJERT @ BN E; a0 B IERT M
KL JIGEE 5w DRy oRE 5 5 e, Ry 0 T JEE B OE R R
ORI T 5 3 5 T 1) A [ R D N
BELJE 2T I B e ey 32 5 ik A e LB 1) 8 B
715 TR 4 BE et I R T g R ) W (L R A T A
W) e o i T 9 BB X A O O R e 3 N 9
FEAL A I DSOR 5 R T D LA 1]

3 BWISGER
ARICHET MPS-DEM #4474 37 T 0L i

(16)




12 [

P

R

Eird i 53 4

1 1 1 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16 18 20 22 24 2
t/s

8 BHJBATH B A oy T e JEE 5 A AT A LU AR

IE] R AL I3 5 B B S H A D 12 0 S 6 A
TXF B T O M v M . AR MR T B
BT 0 BOEE AR 6 78 B b o R (932 3l 3 B
PRSP & 9 B R Beay i) &I T 0 R B
RN P&, WK 9 s, WA TR
[ BE S AL FRAE O G A E s s A 3 A
FI b B2 SR SR S T B BB T R T T R
F TR A 5 5P A R R BELJE A T 3 e Bl A i
RE1 (1] 14 5P 2 K BELJE &R B T8 B P 65 Bk
Jie &% £ B S i ORCE R 89 H B89 F 5 T 2 R s &
Kk 10 Pros .

AR 2 § 03
OJ_‘Q:@ ———————— N T
- = f// \\\\% ‘?E[ &ﬁ :?ﬁ
1.5 s 03
B A7im
L9 S BOT IR & LR
EgEY
EERT
() - 5 1 29 S 1
ok
FH B % B

(b) 3% HL 7 ] 47 FH G &
B 10 - f 1] 29 AR R B A

YR OLT BT B A E A A DL
ey MR 3 A M. ARCE A 2~5 BT
FE I 4 By Bt AOF 5 R B0R T s s AT TR

http: // zkxb. xjtu. edu. cn

(EAALL L I 20 B 17 65 6] 93z s e R . il 5 20 A A
] Z 00 7 R R A S i 2 A S i 4 25T
BB T RE ALRCR A B gg RiniE. o
B R GG HmE 1 R,

A1 pBERTES 6 R
ZH Bl
B0 b5 ] FE / mm 25
WMAREE / kg e m° 1 000
WARFEE /Pa - s 61077
TR E kg m® 600
PRSP BTR / MPa 10
it ] 5 K /ms 0.1

A5 TG R R b T a2 3 Y
JR RN e T A 1A 11 B s TR 4 S o3 B RO
B kO K. A 11 AT e=2.0 s B
) 352 P 380 38 5F- 5 i . B BT 65 AT A Bl R EF
Bst=2.2 sWPOR i E BTG .l T G
Ui R SR AR AL E BT B L F S A N A
KB RER BV 55 2. 4~2.6 s E BB
TR B PR vhily o> B B A OR A A TR
BT BB K S ik W55 T OF B AR R AR
B0 N 2.8~3.0 s B WIREITF 6. FGIKEY
I IR

1.2

0. - — 0.
1.0 15 2.0 2.5 3.0 3.5 1.0 1.5 2.0 25 3.0 35
x/m x/m

()t=2.0s (bt=2.2s

0 3.0 3.5

x/m

(d)t=2.6s

1.0 15 2.0 25 3.0 3.5 1.0 2.0 2.5 3.0 35
x/m x/m

(e)t=2.8s (Ht=3.0s

11 5 By AARTE ML i vh i T 33 2 10 SR BRI Y ]

Bl 12 A5 A 2~5 158 4 Bl RF 65 1




8T Ph—i, % . MPS-DEM 3 77 125 ) 22 Bt % 90 1 A8 IR M) B2 23 7 13

YHWR A G T W R KR MK E R KA,
RSB AW - MRS, B TFErTEa 4 B RT3 10 T8 3% 0 0 PR 13 R . ol
KB B AR AS T & A M R A5 (=0 13 0. T 3 U R A5 4 7 1 00 03 0 05 o o 7
) [] i AR TR] 5 1 3 07 BB AE T P AR R 7 L 9\ 3 ik i 0.84r 4 A .
O LB 1% 2 5 R B0 T A3 A2 DR o o8 AR s hop
ki 12 P A 24 TR S O K8 By IF 838 3 i 1 s VL f
KR T G BT T T & % B s g“-“*"\,}_ I kN

. i\
, NP o o o s Nogep bp o S b
REGL T VIARAIE 2 488 o e o TR o i \‘-._‘;: FRTRRTRTR IR RIR
952 £ 0 . N - 0.74F W nli tap N dylopltogtbowg we
KRBy BOFF R 65 5 R 57 B 7K 07 1) B 4R Yoy Wowu oy e W
N N X X - 0.72 S oW
Wi » B 1k -1 65 T B A Al 48 R 18 B GRS A3 BT YV i - $2R
0’70 1 Il 1 1 L 1 J
23 o 2 4 6 8 10 12 14
T tls
20F" TN T T s
R R NN N N
- -
13 ——— H1f
—o 2R 0.86
1.0 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 o84 _‘
t/s i i
(2 BiFtk 082 i
Ve 0.80, \“%
g [
3.0r =078 L
0.76 i
e 0.74 W
0.72 vy
070 1 1 1 1 1 1 1|

tls

0.86f
0.84F 4 - : A A
e & K & 4 A H Il
0.82 TR YO W O AR i
0.80f, nw
i e €078 :' ]
> [E i
e ——— i e 0.76[ ]
20k P !
= - - IS 0.74f vl
L m e T T T T T T e T == \$ y \ 2 ¥
15k o072 OV Dy e 38
’ - /%l&; 1 1 _I"_"_" %2&; 1 I%4&I
1.0 . . %.2& . : : ; 0% %2 4 6 8 10 12 14
o 2 4 6 8 10 12 14 s
s ()4 Bk
()4 Bip ik
——— B —— - Rk
0.86 o B3 - B
0.84 o B
0.82
0.80
£ o8l N
~
0.76
0.74
0.72
1 1 1 1 1 1| J
0% %2 4 6 8 10 12 14
tls
(D)5 Beiz Ik (d)5 BT f
B 12 4 B IRF B 0 4035 R B 13 4 Fh R KT £ 00 3535 0

http: // zkxb. xjtu. edu. cn



14 [ . ]

Ko

%53 %

B
o
=]

e P W 2 A7 AE— 2 AL 22 5 B BRI F 5 B Ak A%
1 . B B i el . B BT oF 5 G IR E s e =
2.5 s W% 2 Ber P B aEG WG KT E BTG
FERSF B A — A A 30 A B 7 152 2l i an sk 2 By
R KR T E BT BRI AR SRR SRR
W RIA B4 22X T F B R B Al T B
12 By IR (EL 2 N5 B0k BOF O & BRIk G AR .
4 FPRRF 5 5K Ly e S A Bom T 4%
AT B I GARE R R 4 AT £ B0 G0 i 0 4N
Bl 14 7R » YU 2 5 SR il 19 [0] 5% I 357 42 3 . S3C
HE SCF 6 IR S5Ok Mo iE . diE 14
AR IR Wt B BT F B L oF D e A
O\AE A L SRR B T 97 B 0 L - 5
It T ARE » O o S8 I L RS S R A i £ 5 A R

A
."\,

I == .
AT A N I
wop A !i/xﬂ | \;
C oA
SSL AT

(04 Beypik

http: // zkxb. xjtu. edu. cn

(D5 BiFik
14 4 FhIp A £ 59 9 i B

W, mT R G i5h 2 2 E0OR b B0R
B R o DR T A I A A /D - AR A 2 7 A i L B
1 5 g % B .
H13E 2 ] o7 B R I R L O 65 1 2 40

i R AR P S AR IR BN st 58 1 Berr &
HiT i 2 10 T 38 P b IS - 3 33 L 32 31 & I 48 48 19 FR
] o PR TR - 2% 7 3 (LAY B R BT AR 2 Be TR
o B 77 5 B A9 50 OA 5 R (E A R
PR B IR E

B2 RS E—ARABMANGTHED G

R TE A B HE

Ras BB WE{E/m  WE{E/m  WE{E/ ()
1B 0.03726 0.09172 17.043 4
- 2B 0.04041  0.106 10 12.579 1
5% e o
T 3B 0.05461 0.09651  8.6605
=
4B 0.071 65 0.076 16 9.261 1
5B 0.08823 0.04392  9.5459
5 1EF 0.04156 0.091 70 18.366 3
4 iR 2B 0.05341 0.101 90 12.576 9
& 5 3BF 0.070 96 0.10380  7.867 8
M 4B 0.087 74 0.077 47  7.708 1
- 5 1EE 0.06194 0.091 37 20.448 3
3WIF
2B 0.07769 0.10853 12.2011
&
o3 Bt 0.094 72 0.100 01 5.489 5
2 Ay 1B 0.10365 0.090 24 18.446 6
NS 2B 0.11776 0.10510  8.448 7
:|.: )
4 én 1/6

AR SCHM I JE WA 323 R 12 3 KA TR I 0 34
IS BT B 2 Mz 3l 9 45 1< FF 0 MR MPS
LB O DEM & AT R 5L 1 R I (240
P B0 7 12 5 R R i s e XL R T 1 i




8T

PN—T, 5 : MPS-DEM #4537 %k 19 2 B 3 101 7 4 5 VR 0L 7 43 A7 15

e 7K P 2 PRS0 ARRE 1 5 )R BELJE 33 B 9 £
AR AR T TR X B T TR BT R IR
PREERL AL BE IF SEH T 1 R R IA 2 B B
PRSP 65 7 HL 0N 3 b o T 9328 B0 B4 B (LR AL

WEFE S5 R B 2 BOFACF B 1 1 5 0 5 B
FE T RT3 7T U 3 1 AR R L2 B 5 L 0
Wi o7 R SRR AE . KBSy B M B AR BT R]
ST RURS L)1 SRR 12 0 S o il I S R e = DK Y
Fo o 1T 980/ HiT 3B 5 £ 1 3 3 MR s LU O
B0 BT X R R T B B 2SR T B L A S 7
DL BT AR AR R T A S
PRSP B B 5 T I 3 2 35 % 5 B0 A ) T O
INEEARCSE- 5 N R AE L DR RS E TR . F T4 2R AT
R IBGIFAS 5 BB B AR A B 225 R .

SE LK.

[1] SHIBATA K., KOSHIZUKA S, SAKAI M, et al.
Lagrangian simulations of ship-wave interactions in
rough seas [J]. Ocean Engineering, 2012, 42 13-25.

[2] SUN P, MING F, ZHANG A. Numerical simulation
of interactions between free surface and rigid body
using a robust SPH method [J]. Ocean Engineering,
2015, 98. 32-49.

[3] ZHANG Y, WAN D. MPS-FEM coupled method for
sloshing flows in an elastic tank [J]. Ocean Engineer-
ing, 2017, S0029801817307308.

[4] ZHE S, DJIDJELI K, XING J T, et al. Coupled
MPS-modal superposition method for 2D nonlinear flu-
id-structure interaction problems with free surface [J].
Journal of Fluids &. Structures, 2016, 61 295-323.

[5] ZHANG S, MORITA K, FUKUDA K, et al. An im-
proved MPS method for numerical simulations of con-
vective heat transfer problems [J]. International Jour-
nal for Numerical Methods in Fluids, 2006, 51 (1):
31-47.

(6] LEEBH. PARK J C. KIM M H, et al. Step-by-step
improvement of MPS method in simulating violent
{ree-surface motions and impact-loads [J]. Computer
Methods in Applied Mechanics & Engineering, 2011,
200(9): 1113-1125.

[7] CHEN X, SUN Z., LIU L, et al. Improved MPS
method with variable-size particles [J]. International
Journal for Numerical Methods in Fluids, 2015, 80
(6): 358-374.

(8] Wxcw, v, . Bk 7 Rk i B &
REA S TR B OF 5 [T, P9 %2 5258 K% 2440
2014, 48(8) . 136-140.

http: // zkxb. xjtu. edu. cn

CAO Wenjin, SUN Zhongguo, XI Guang. Fluid-
structure interaction models in MPS method and its
numerical simulation for floating bodies [ J]. Journal of
Xi’an Jiaotong University, 2014, 48(8);: 136-140.

[9] CUNDALL P A. A discrete numerical model for gran-
ular assemblies [J]. Geotechnique, 2008, 29(30):
331-336.

[10] POTYONDY D O, Cundall P A. A bonded-particle
model for rock [J]. International Journal of Rock Me-
chanics & Mining Sciences, 2004, 41(8): 1329-1364.

[11] ZHANG X P, WONG L N Y. Cracking processes in
rock-like material containing a single flaw under uniax-
ial compression: a numerical study based on parallel
bonded-particle model approach [J]. Rock Mechanics
and Rock Engineering, 2012, 45(5) . 711-737.

(127 dscs, P E, s, R8RS 3 1 JC A 7k

BOE AR (], V2250 K24, 2015, 49(3): 62-
66.
CAO Wenjin, SUN Zhongguo, XI Guang. Numerical
models of moored floating bodies using meshless meth-
od [J]. Journal of Xi’an Jiaotong University., 2015,
49(3): 62-66.

[13] NI X, FENG W, HUANG S, et al. A SPH numerical
wave flume with non-reflective open boundary condi-
tions [J]. Ocean Engineering, 2018, 163 483-501.

[14] Ph—wi, Phi [, & SCEE, 5. RINAREREETE
Kl e B E Vs (] TR AP 2, 2018
(2): 307-313.

SUN Yijie, SUN Zhongguo, CAO Wenjin, et al. Nu-
merical study on hydrodynamic characteristics of
moored offshore floating platform [J]. Journal of En-

gineering Thermophysics, 2018(2): 307-313.

[ 2 F| 48 5& 32 ik 5 &

F L& B B RE R RS R A A
%.2017,51(9) :106-111. [doi:10. 7652/ xjtuxb201709015]
B IHE R EREAARF M EEIRNF S
BT e R B A B 2017, 51 (12); 156-162. [doi: 10.
7652/xjtuxb201712023 ]

XL NP E, E L. R A RE B R W A R
A . 2015,49(3) :62-66. [doi:10. 7652/ xjtuxb201503011]
UXHPVTEFL BIETFFRALZAEBGEER A
W9T K B B 5. 2014, 48 (8): 136-140. [doi: 10. 7652/
xjtuxb201408023 ]

IPE.FEFRREHE KRS FFB R ENE DR
B B RAE AL 2013,47(11):87-91. [doi: 10. 7652/ xjtuxb
201311016

il A




