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Review of underwater vector propulsion devices
ZHANG Shuai, XTAO Jing-jing
(School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract: The various forms of propeller vector thruster and waterjet vector thruster are sorted out and expanded espe-
cially for underwater vehicles and ships in this paper. The development history of part of the vector propulsion devices are
summarized, and the operation mechanism and the features of the various types of vector propulsion devices are also illus-

trated in detail. Finally, the development trend of underwater vector propulsion devices is summarized. There is a certain ref-

erence value for future design and application of the underwater propulsion devices in this paper.

Key words: vector; thruster; propeller
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Tab. 1 Main classifications and features of underwater vector propulsion devices
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Fig. 2 Three-dimensional graph of active vector propulsion device
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Fig. 3 Three-dimensional graph of parallel vector propeller
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Fig.4 Three-dimensional graph of vector propeller mechanism

based on bevel gears
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The application of integration and optimization method in warship overall design
FAN Ze-yang'?, XIE Kun'?, REN Sai-lin’, XU Jian®, YI Hong'

(1. State Key Laboratory of Ocean Engineering, Shanghai Jiaotong University, Shanghai 200240, China;
2. China Ship Development and Design Center, Wuhan 430064, China)

Abstract: Since the development of electronic technology, integrated circuit is widely used, which helps the devices of

warship to realize automation and minimization. However, due to stacking design, and individualized devices of warship, the

spare space of warship becomes lesser and lesser. Meanwhile, the maintenance becomes more difficult. Consequently, it

leads an over redundant warship global design. By adopting system integration and optimization method, the device redund-

ancy and system complication can be sufficiently reduced, and thus the spare space of the warship can be saved. The system

performance of the warship is improved. Besides, the difficulty of maintenance is mitigated.

Key words: warship; overall design; integration and optimization; performance

0 &5 =

FeEMAT ) TIURES Bk, A S koK F
A TR R, 2P OHTHOR 1 Bk B
an, W ROR RS A AL R A R B R L
IR AR E R B CRT 21 BLAE (4 i 6t Yk /s
fr s PR R R N TR B PLC AR AL
il o SR, ALY AR B A 7R 2 I, Bt
ey, ARG, LA BOHHXS ML, SR TR A
BT TR Z AR T, X R R
T S X4 1 25 3k 8 ) 5t PR TR A R T . A
K2, M) E, FWHRLEAL, BARRGERL
IKSRAE i 2 1 e DI B AP BE A itk — 2 4 v

il 1 AE SR BT T I AR A AR, 3
AR BHORN AT, X BT IR AT RS LA SE SR, AT L

Yris HEA: 2018 — 09 — 03

fifp R B A3 AU A S TR ) S ) Qe TR, B v AU T )
=S Ta], FEARAEE R IR AERE o TR, 4 B0 1k R AR
JO7 P RT AR 2 AR BTN B A B R S T

By d .
1 BRI 7 7 8y o A

11 HEHRXEIT AR

PO B AR BT R AR AN TR A s Tl AR AL
WA . P AR K — &84 1 T AR 45 1% £ 1l
TR IS LR B AR AR SC L, SRS e BRI A K
o fEAL b KPR A SR, 5
BX P T AR IR A S o Bl R I 7 BE Y AN W7 42
L, MEMI BB L, M TR E N, R
M7 A, TRAAHRHKE, Mzmkr, i

EZBAJENEA (1978 —), 5, L, @RI, BFFI7 M A MR


http://dx.doi.org/10.3404/j.issn.1672-7649.2019.04.002

%41 % A, o RRARA S AR A B AR R 8 S E -7

iy SRR M . S FIE RS N, AR
W, Inl g kR iR ok
1.2 BE%., TAMIEITHEXT ML

LA SR BT R . . ML, BT B EG
M —30 TAE, — 83 B ¥ L&l 3L F A 1E 58 0.
RS AESAT IR UE M AR D B, $2 8 Bk Llk, gk
DR Z IR L E . 2 KM AR TERE; 42 2Ll
BF, B0 A5 e 22 B 2 A5 A0 S B R A0 4R B PR
Tl B, BOR K e 2 B RE FIR AT oK R B R
b, R M 2 R AT A4l 2k, 7EA
R TT b —ASFE T R M, SR AL
PR, Bl . HATALAT B& REMFES RE . R,
e A 2 R A AR A S Y, R A A T
WIETE @ M5 5B . fe il & s B
AT ZRZ . BHIERA— . REIEEL, 4
ME LR . 4Edra ok TORGE, R TR s B
125 ]
1.3 BT TERBIEA

HAT, MU0 R AR e B . BT AR B AT
S AR LA S — 2 i 80 . B BRI
PR T, XHARAYHERESR ) 7 R R, X, B
A — SR ME R 2 AR T AR SE CniR ik
K, W TRHEARMGR, W SRR T —
JE MY, AN . 7R A D Y 2 Y R v R Y 3k R
BF, R A I SE AT, 7RI & L 40 5 48 B Y e Y
BF, DAKCE MRG0 p i 1t b, AR AEAE IR T o
HRXFHGE ., 54, HERGM. K. LEERNE
T, BLBRAL A B 2R e B e A AR TU A A R A IR AL,
14 BEIEEFHNESIEH B

HY T AR 25 1B il A A R R, A5 I
W IEE) B B R £, B RN M A AR R
AT I, flhn, BB b 0% W Hs il b a) 4 A
TE AT A 1R B AR BL A 390 mmx475 mm*280 mm,
HE N 24 kgo PR L, WA — AT BEEL 4T
KL kL AR A A, e R AR FRE A (]
il 3 B A, HON AR R AR s IR 2% 10 5
Hh, FETT SR AR A DG A B B A A IR 2P
1o AEAE A YRR RS 15258 i 15 45 38 I A FF iR it
il o PRBLAERS E B R U i, W& R
BHOHIETRWHE . B TIR&EHS&EIE Y
WA EIES, A I A LA I B T 3 X 1A A AR RN
HIAT T, WG, A A AT 1A AR R
PABT S, 80% L 1A ¥ K 31 15 45 e B 2,

L5 BEMNREFEOEST B

I A R R A AN 08 " O, I T T i [
A R R, B AR IR, K, L RN
SR BRI o BRI T TR I 2% i A B0 42 it
SR T B . KL R BARGEM I, D
SRR, G IR o RGBT
KPR W IR AR E BN, REE
M4 o M G i, xRS T E R S
e HEH A AR MR 5 R HBUE IR0 250 W,
S 25 60 W, SRS MLRE (AR 22 LAY, 3 A
HEHERY | PR AR B 2 A5 B [ R JEE TR o
L6 S2ANIHEA. HERNEARS

TEMLA A BTt B B EOAR L R Al AT A
PR, ARJE N TR ARE AR RS DL L > T AR, Gl
SRR BRI MIE o SRR AU SR TT LA HAR R
W, Wb AR, (EJR e DLW 2 O R R, W
BRAS LA AR Bilan, UM LA IT G | R
&, 20t 60 B IAEAR B AL I . BRI Y
SR, EEATE 1 kg KL L. bR b, MAERRZR
AR BA R IFC | g @nl Btk $f . HEE H A
BB BUF G R A 174, WAL AR IS X L R
fin, AT LARCN SR BT R ), a8 R LA R 3
UER® NS

2 BARMAEBRBEMMESETIT LA RE

MAEERGE AR, ZHARRE, HRE, 2
fris B2 Agl, AN AR S,
YRR AR R, WAy T, SaFH~ESH
o] 485 o fEALAT SR BT S B UL B 2 A
Wit
21 MEESHRRNER

BEE N UL /NP 2 Th A&/ O NI I
FE Tl A2 il h B B R B | MR E 2 H %k
T H TR E A LR i AR B S BT AR 15 B A
SRR o AR P U RE, A AR,
To ik 52 PR B ECIE A LR L . AN {E R T IR
B, WO JE T SGE N T MERE . LA A e
W2 A0 Bt , S B BLAUAE B, AT UM DR A A
B BRI 22 2540 19 T 5 e . sd g xSl
B B PREE . RS RGESE Sk, K
AL G RN, RELBN MR LR 5 B R, Gk
PR AL AT RAEOR | R DO L 4R i A A
SATERESE H YU,



-8 N

22 FRAEREES

AT BRI RS & &M IR,
WEA G — R, B bRfEL TR EEARAR . il 4,
FRME AR E T ER R AR A, 8
Uiges— . AT MRS, SRR AR IRIR 2, X
P B I S0 A 4 T G e o R AR R A IR HE . [T 1 S i
RIS B R G ARE, HF 2 Hm sl F
SRESGFESUI S ER R ZE b, B
AT 7 B B8 A2 52 4 A% B —1/0 A - I 25 152 25 —
FEB A -UO &1, iR I bn HEAb 1% s . Arife
T B . bR BES, SRR
bR AEAL . BEHL R R B A, DA R R g Y aE
P REEMERIE RO, XA R TR R A T

R RTAERE. s R

9% e )/ s o SR AT
i L i HE

g0l ) PNl P

Bl ia

(RTUHL) ft _
e — X P AL
e J,L\Uﬁ*l’lhd i n R SRSty
S o RIoBY) | s B

— b —

il {40 Vo [ 1.&0\1 FI-'? M

ffess AR
AR AR A RS . AT

HaFe RO
M. PTE

1 AR B R g H 4

Fig. 1 Basic system structure of warship information system

23 BLYERT R OCRE”

FIAI AL A b i A R E A A R B g
WHEEEGRTH, FEHGNERGRERZ, I
REF—, AR, MR TI Rk, wAtE
A B I R A B — R e, RO T s
S T+ G ) A o T B A 1Y A SRR R
B, AT o2 B e A A Al BAT I REYT R D
. A E BRI 4G M LE B A H AR FAR e
R BELE, RN BB DI RE R . NIk, R
I R B 2 T REBL &, FE o AR EAT Y
DU, LIERAR 55 28 Xt I REAR L oK, & THR S
LB A AT Z2AT 55 B BE 0 RIS RLAT 55 R AR R BE T
2 Dy S RY B PR S A AT o X R R S A A B AT R A
ATFRCHE, ATSEBUE A5 . s R AR G AT 55
P B[R] p iz A7 o B S e, l g 1o P R 32
AR, BB AR BT — 2 i hE . B
B X AN T BB SR, DU T TR A A SRR R
2.

LT 2 Ve ;

o fi] ff
CORBA.

EET

REFE

=y

P2 MR R S
Fig.2 Typical software structure

24 HREARMK

TESE IS BALHE bR 2R TR I, SR L REENL X
BT EITHL G . R G AR A HENE L2 A 45 4l
gy, AR T v RV RE A FA T i B IR R S L 1K
TAE. fln. TR EAR . REIREFR R iR, R
MTREHIIBE . BEA AR -IRELLE; RASHRER
BB R AR, R R AR el . Bl fL R
WAy g M. SR e BOKSEILA TS
4% H AR EAL s B B . RERE R AL
B G il o

3 O KA g A G A e A BE T RS X e
ATLLE Y, A A B AN AT LA 5 A B0 E
g, AR TR AT A, SR MAT LR aTERE .

4 27% 1
1914

A

1390

23%
42%
3351t
258t 12
|

Ry RAeE  fRAksr fRAE Rl fRiE
R [ =& 24
B IR | | SRR NS
3 BT R GG A B RIS X B

Fig.3 Comparison of integrated optimization design

of a warship's power system
3 BRI AR LA AR IR B B K

P AL BT AR BB R AR A . ERER K
LA 2 ) B T, R AR 4P i B2, g AL A 5
AOERAE . SR, 250 DU 4% 10 H O F X JEE AR k.



%41 % S, F o SRR B A LA B AR B b 8 B 9.
XFF BRI T, W YR A A R A A 2 (] HUAH Bl ] 32 5 AR 45 T Bk A8 mT LA g ik % 1145 SR 1 5 21

MR R, IR T — MBI Rk,
AL SEAR X BB TR T K
31 EREBEHRITARERLTRR, BETOH

AT, FE % T2 55 T4 WAk iy i A0 22 4012 % 3|
Blo Mz Tl = AR AL m) = AR LB T3S Y 7%
AT — AR KBRS ], (AR sa Ik 1 b fb A
M, ST ROR B RER, AR B RS, X
AL BT R WAR B U), (H H Ak LA 21 .
R, TEEMAETIINAR, BN, S5 HS
e, W PR ot oy X0k 3R st
X, B TIFREARAQUE, JHFRE R THEARGH 5
BHLANH, SRSk R
32 BEBRRMBIUTARZEREMEA

—J7 TR AR LR A& 5 T BE I RE UL AR A o X
BEOR SRR AN BB KR, R A
PE, BRIEFTHER L . REMIBRE; S —Jr mER T
AN DAE RGO E . R, $20 DL v peds
b, XTI £ PN ER 2 g LA B AR BRI WA TR B BiE
o bl A B LA AR XTI A8 1 A FR R B i A T A 1Y
SKEF, X SR N X R AL TR R
GEAHTEMP TR FB, T2 AR & 45
it At BEERA R SRS R AR AN
HIE RSB0 . ETATR, Mk . (5 B AL DL K
AR T B AR R R LA A%, 3t 55 2 SR B
NG JIRRH G RS AN JE B AR, BE AR B Y A DG A
HERLYE , B — o i e 3y e KO
33 EREBMAEITE NG

AT, AT K e B8 0 2 X IR AR - 4 il e
S FRAHITHRAES . BRILZHh, XA E AL
WAy, BN IARSS /it . AR B D . R
I B SE RS, WREHE TR S, N
WEB TR AR, A BOR SR AL B R R L 3
FHLT BB AR X B AT o B, AT AR E R 1 2y
W, SR A . 8 e A T LR TR R il
MO O RGEE . IR Sk
H R A BT A5 AR S5 SR ARG 1
34 ERBMOEITFEEMELH

SRV AL REAS LA A . R G AR LR
PR R) RS 2T B T AR, A RE IS A5 1 e i R
FSE B0 Hh e R e L T2 B i A B . BT SE e
BrEXRGEHERAR . HFLEHILE REHAR L It
=R iR s s T 50 NN g = R 1 B 5 0 NI 7 = X

Mo X TR SR BT, L8R SN S 2t A 3
i RAETBL, R AL B 5 B /SR HOR S BT
FBOR Y IE S A BT A BREC 1,

4 FILAE R R B AR AL TAETT R A&

LA TAEA R — Mt ny, w2 T K
WFRAIRE , I 700 K BRI T T KR W . o
FAURGE ) . BORBUHTRE Sy . W E T LA S A B 4R
BAEAL TAER TR, BN 4 5 RS POIT R TAE.
41 RBRFARMEEITHAR

B8 R AL TR i 2 21 7 i (938 E B B P S it Y 3%
TR S, TR i IRk B B HURE 2 X 15 £ 3 B R %
TARAL . X B & AT R G AL . X R R AT
et 2RI, XL RE N B . RGN TZ I
W TRt B, 7E7 e AR IERT BORT, A
PR TERR TR X 4 R G TAR AR HEAT I H, JF R Iz
BITIESE . TR AT R L. BRTZ R4 R4
PERE AL . & RGN 4L | SCI R R A . 25
B P B AR 25 T R AR
42 RIRFRIFERTTHMHEFGIE

RPESE 2.0, 22 F1 23 OALTAE, RORPRIFE (
MR E RS SR DS ERE ) . ORAEZ TR
WEW A BB RE ), MR i 5 A M0 2% 422 11 1503
A ) . (A H ik &0 Rt e )
CHRARAR B . PUATIRAE SRR ), O
PEEERE ), (AR IR ) Fn KA &
LA PR G TSGR E R ) AT A E .

43 HITHXLTIEMMR

FiE S 2.4 ARAC AR, WS PRIF R AR A 51K
. RGEAEME R RO TR A R 5 o i
X LA AT 5 s AL TR 5 s T & LA
AT JFRMSE R LB AR H M
BUES POR Ry . A8 T8 AT RER ST AL
HORWF R 5 L MU BT T AR
44 BEEBATHEFR

3.2 4R B A L A BT R B R BT A B R
RGN BE VA, W S PR A S R
o B ANA 37 R Al 2R A B2 — 26 &l 1 iF
B, ZWWABNB AL AR — Sl IR 45
HTEE . AT SRR . TR RS
TR, BT EE SRR BTk
B IR SRR . S AMEANA SRR, AT



10 - MM A F B K % 41 A
R BATHANE 8 A s Ll AN A [51 RI%E. MARLGA T 68 E RS W48 5 5 %R AT
F [J]. AR HF A2, 2005, 25(5): 47-51.

5 %— " WU Xiang-jun. Researches on network and integration
T RS 25 T P SR A A 3 AR 0 2 tec.hnology Of. ship’ %nteg.rated platform management system[J].

Bt B AR LA L B BT A ?hlp Electr:')mcl:ngm(?er;r:ijo/(jS, 2?(5): 47—A51. ‘

BT AR R . RN [6] XUEE%, K BH 22 B, X127 Tﬂ?ﬂﬂ‘ﬁm%ﬁﬂﬁzﬂiﬁﬁj)ﬂ

#r A T BE 1) ’ [M]. 3G B H AR AL, 2004

et W BT FBL, SEATEORMAMCIIBT, SBR[y i, B, W SN & SRR (L B R AT 0],

TR AE R, DA v A 2 T) 1) 23 DA RO 25 AL A, 2015, 37(1): 84-87.

PEHE WANG Han-gang, QIAN Jia-chang, YOU Zhuo. Study of

optimized development for integrated equipments on

P warships[‘J]. Ship Science and Technology, 2015, 37(1): 84-87.

= ; [81 ZERFIZR, i 7 MRS & RGBT — AN R 5 =

[1] 2=, Hxbat, 125, 2. KA A B AL B3R (0], FEHITVERE T (7). M RAARAELL 5 5, 2017, 272(5): 53-59.
[ ALARIE T, 2013, 4(2): 2-5. LI Xiang-dong, GAO Jia-zi. Research on integrated test
LI Shuang, TIAN Bin-bin, XU Qing, et al. Integration and technology and quality control method of ship equipment
optimization in the design of naval surface ships[J]. Chinese system software[J]. Ship building Standardization &Quality,
Journal of Ship Research, 2013, 4(2): 2-5. 2017, 272(5): 53-59.

[2] Wtnoo, B MUMTEE & T0UZ A T bs e (L R 07T 0] (91 S UM, Xebk, 6 E 242, &5, MR S) /0 B 2 2R BBt
HLF i &, 2017, 359(2): 55-58. AT ], EALAE BT 9T, 2017, 12(2): 100-106, 115.
XIE Ru-yuan, LOU Wei-feng. Research on standardization ZENG Fan-ming, LIU Jin-lin, LAI Guo-jun. Multidisciplinary
requirement of the warship demonstration[J]. Electronics integrated design optimization methodology of marine power
Quality, 2017, 359(2): 55-58. plants[J]. Chinese Journal of Ship Research, 2017, 12(2):

[3] WILSON W, HENDRIX D, GORSKI J. Hull form 100-106, 115.
optimization for early ship design[J]. Naval Engineers Journal, [10] BEiEAE, Fib . AN 2 R A SO R AL SR R g v it
2010, 122(2): 53-65. [3]. HF E AR 7T, 2011, 40(1): 47-50.

[4] ZE0]. 250 % TP Ak R 2RV BB o JE 255 I FE 7 [T). HUANG Hai-yan, WANG Di-yu. Design of the multi-
TFENLSH7 TR, 2012, 40(12): 56-59. disciplinary collaborative optimization software for ship
LI Ming. A survey of open architecture computing design[J]. Ship & Ocean Engineering, 2011, 40(1): 47-50.
environment development in US navy[J]. Computer & Digital [11] e, S . LM 25 T0Z 0 1IE H bR i Ak R A 7T [T].

Engineering, 2012, 40(12): 56-59.

HL T, 2017, 359(2): 55-58.



F A1 K % 4 Mmoo A F K Vol. 41, No. 4
2019 % 4 A SHIP SCIENCE AND TECHNOLOGY Apr. , 2019

P- S8 B W g 82 i S LV S Iy o S R T B

%, THK, RKEE, £ F
(P EAEAE TR A NG L —wWHR AT, AR 100101)

W B WUGEIT S PERE, BRI T K 4 R BRFE MW S R A5, R BRI T i ) g
FEPEHF BB A FLo 0T o S5 R RT] . KBRS B A RE M0 JFUA AR I 2 1 W 75 M g T8 2 A AN R LA S50 K
SEALG, WoE A T R AR BR A B B HE T BRI i I R SR FHASE s R AR SR R A%, A DR K R
T, W R O R A PERE s WO 5 2 AW HLEE AR AT I s ER A LR L T s A 4 A SRR A LR S
AL SRR BB AS | Al R0 75 G VR 3 o 3 448 Al o

XEIR: REEEE;, AKEER L, #86Ek; KARF

FESEE: U666.7 TERARINAS: A

NEHS: 1672 - 7649(2019)04 — 0011 — 08 doi: 10.3404/j.issn.1672 — 7649.2019.04.003

Acoustic characteristics of the anechoic coating containing water-filled metal spherical shells
JIANG Min, WANG Gui-bo, ZHANG Ruo-jun, WANG Tian
(The 714 Research Institute of CSIS, Beijing 100101, China)

Abstract: In order to improve the low-frequency sound absorption performance, an anechoic coating containing water-
filled metal spherical shells was proposed, and its sound absorption characteristics were analyzed by finite element method.
The results show that the introduction of water-filled metal spherical shells can improve the sound adsorption of original rub-
ber layer; the low-frequency performance of the anechoic coating is significantly improved by the combination of spherical
shells with different geometric parameters; the elastic balloon in the shell should be made by rubber of large modulus, other-
wise the original performance cannot be maintained under hydrostatic pressure; the sound absorption mechanism of the an-
echoic coating consists of the resonance of the elastic balloon at low frequency, the deformation of the base material caused
by the coupling resonance of the combined structure at medium and high frequencies, and the enhancement of the scattering

effect of the coupled resonance on the acoustic wave.

Key words: anechoic coating; water-filled metal spherical shells; resonance coupling; low frequency sound absorp-

tion
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Fig.2 Sketch of an anechoic coating containing water-filled
metal spherical shells
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Fig.3 Simulation model of a unit cell
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Fig. 4 A comparison of sound absorption coefficients between
FEM results and reference solutions
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Fig. 5 A comparison of sound absorption coefficient between FEM
results and reference solutions
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Fig. 6 Sound absorption coefficient of the anechoic coating
containing water-filled metal spherical shell
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Fig. 7 Effect of balloon material on sound absorption coefficient
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absorption coefficient
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Fig. 9 Deformation of the rubber balloon under water pressure

MBI, WA 1A RIENZE S, B TR
BRFEI SCHEAE AT, WK He o U2 18 BT F A AR e A%
T N UTRE , BRI O R R4, R 1 W i
JEAZ o NI 10 AU Ik He 58 /i S 09 0 % 38 28000 Le AT
VIE W, 7K He o I R X 3 55 )2 1 W75 P fig 1 i b 2
A
1.0
0.9
0.8 =
0.7 .
w06 +7
o .
=04 b
03 NS
0.2
0.1

-0 MPa
*4 MPa

0 2 4 6 *10%
% /Hz

10 ok IR TR 7 R M B
Fig. 10 Effect of water pressure on sound absorption coefficient
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Fig. 11  Deformation of the silicon rubber balloon
under water pressure
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Fig. 12 Effect of water pressure on sound absorption coefficient
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Fig. 13 Simulation model of multiple spherical shells
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Fig. 14 Sound absorption coefficient of multiple spherical shells
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Tab.2 Eigen frequency analysis of steel shell-silica
balloon composite structure
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Fig. 15 Scattering sound intensity
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Fig. 16 Sound absorption coefficients of the anechoic coating
containing water-filled metal spherical shell
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Fig. 17 Deformation and total power loss density diagram

of spherical shell structures
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Fig. 18 Energy dissipation power distribution
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Fig. 20 Scattering sound intensity
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Fig. 22 Deformation and total power loss density diagram

of spherical shell structures
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Unsteady viscous flow and hydrodynamic force's numerical

methodology of DARPA2 submarine model
YU Xiang-yang', YAO Ling-hong', MENG Qing-chang®, LIU Ju-bin’>, ZHANG Zhi-hong’
(1. Naval Aviation University Qingdao Brance, Qingdao 266000, China;
2. Naval University of Engineering, Wuhan 430033, China)

Abstract: A calculating method of finite volume method which is based on unstructured meshes is proposed to simu-
late the unsteady flow and hydrodynamic force of DARPA2 submarine model, and the dynamic grid technique is adopted to
solve the unsteady state with dynamic boundary problem. The initial variables of flow is convergent by changing the bound-
ary conditions and part of relaxing factor. Also, the motion of submarine model is defined by UDF model, which is compiled
in this paper. Initial flow is discussed with the purpose of getting the accurate unsteady results. In model-1, the imitative ef-

fect is preferable and the calculation is stable. The uncertain factor in the experiment, including equipment and the physics

character of the flow variable, should be considered with a view to obtain an appropriate imitative effect.

Key words: numerical approach; unsteady viscous flow's numerical methodology; DARPA2
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Hydrodynamic research on longitudinal motion stabilizing

hydrofoils of high-speed catamaran
WANG Yun', YU Xiao', LI Liao-yuan?, LEI Hui'

(1. Wuhan Second Ship Design and Research Institute, Wuhan 430064, China;
2. China Ship Development and Design Center, Wuhan 430064, China)

Abstract: On the basis of the widespread use of hydrofoils on high-speed catamaran and using Fuent software, this pa-
per layout and design about the angle of attack, the size and installation of hydrofoils of high-speed catamaran, research the
effect between hydrofoils and high-speed catamaran, and based on the appendages stabilizing capacity analysis of static char-
acteristic number, to research the stabilizing capacity of hydrofoils for high-speed catamaran in calm water. The calculation

results show that hydrofoils can play a role in controlling the longitudinal movement of high-speed catamaran and can slow

down hull pitching and heaving.

Key words: high-speed catamaran; hydrofoils; static characteristic number
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Mesh comparison on E799A cavitation performance based on Fluent
XI Peng, XIONG Ying, PU Ji-jun
(Ship and Ocean Academy, Naval University of Engineering, Wuhan 430033, China)

Abstract: The paper took E799A as study model and carried research on its cavitation performance with three different
meshes based on Fluent. Comparison of thrust coefficient with experimental result verifies the accuracy of the simulation.
Then blade surface pressure at different radius were contrasted. Comparison on cavitation of simulated result and experiment
result shows that result of unstructured mesh matches the experiment result well while result of structured mesh depends
more on mesh quality. Axial transformation of water velocity at propeller plane shows that structured mesh performs better at
simulating tip vortex field than unstructured mesh, which indicates to some degree that structured mesh shall catch tip vortex
cavitation well. The paper took research into cavitation performance of E799A with different meshes by Fluent, which is of

much significance for future work.

Key words: E799A; cavitation performance; mesh; surface pressure

0 5 =

WER i 2 25 Y6 M BB PE A MR E S M R 1) T AR AR 2
—o FEWAER—F EERNEHIE L, HAER . B
% . WK ERRIIETER KB T JRah . WS EA &
B o AR B THA A T R P R,
BBy Rt R IR e R S W RS B iz, Of
TE TARN AR 2T

Salvatore! & F RANS Fl DES Ho4¢ T #1457 i fdE
SINE, A S AT A R IR E AL oK Bh St RE, LA
Kz A . Morgut!™ 435 il CED H 3 Fif 25 yg 455 Y

i HEA: 2018 — 01 — 23

Zwart B s Al (FCM ) | Kunz #5550 X112 g
LA WIB BRI, BRBIR, FEAH MR 5
SGHABK R T, 3 MR as R, A5 i AR it
G g RBR 26 [E N CFD 1 385 2 25 i R
WA . XU R SR A CFD X B8 i 2 a0E 17 25 3 i
e, PR A AR Sy A A A A L TR Y A
W5 SCBRZE 3 A FF R R 45 A — 3. s
ZEEEW Sp A AR BER AR} . GBS A LA K ) T A
THFSHO 23 AR RE R 52, o 23 M IR e 2 i A Ak e
FRAE T IEA o X A AT DL LR Al 0 A 9 B R e

EZ B A 21 (1990 —), 55, WLWHYCE, BFFET7 1 8 ML iR 3 o T g .


http://dx.doi.org/10.3404/j.issn.1672-7649.2019.04.006

% 41 & % My,

& F Fluent 49 E799A = J& 14 At 4048 7+ 3L M A& 2T 1t 31

B IFLRAR X 4, SR BB B 09 J5 % 23 %
POAL BN oI A B X R v 1| b2 ot A N B
& AN TEHE 3 KN BOR TR E 9 7 1) T 2 - B30T 1) 42
T 25 RN E N BE I Bk o f o 3 TR 481 R LES
it YA AU XT E799A WA THE 8 7F 41 A — 22 25 WO H T 17K
I DAY G e NI I BT N S s U S 1 B e & )
BEAAIF 5T, BIFFE T Ok O 7 38 R ASE A RUBEE 1) A% Ak Xof MR e
R 23 W= AR

FETE FHAE Fluent H,  BRE 3 45 {0 BB B 5 1] LA
SR AN 235 g T A 0 285 4 DO A% 2 ol 45 4 I A% 1T L B
R ARSI 2 AL 7= A, SR07, BT X T 4 2R
SEMER K o ME AR SR TAE & B X S i) Ak
U2 R IR AT AL AR R Ay, B PR ME R E
e hEAAK, MR . £F0k, A0
DL E799A BRTEXE A WFFE X 42, X250 WA . AR 4544
& 7E 25 AL B 1) R BT X LU 5T, DA A TR 1Y
23 AR 5 29 Sl

1 HFER

1.1 =HIF1E

HHT, X N-S RS 134 751k DL b 58 %
WLt R P A I T AR, N Bl BB R A T FE R
TR, R EETREA T

S Ty R R O hE ST R A A T A I Bl b i B

R, WAL R
dp 0
E-%O—Xi(pu,)—o,
R N-S TN :
P P op
B_t(pu')+6_)cj(pu'u’)__8_)ci+
,U (al/li +6uj)
R Eroh ]l B J—
o | 2 6—b{l(5-~ +6_xj(_P“iuj)+pﬁ°
3#06)61 ij

Ao i AR AR B DO o o AR
pRT s fi o BT R B B ) wg, wy R R
Ty —pu AR WO 4 TR I

R TSR f#EN-S Gy BRI B N ), A
AT R, LA TR v N 7 i bk 3 (85 s B (R R R
K, (EOrFRLHEA, RO A o A SR HT Y i TR
74 A Standard k — w i AR Y,
1.2 ZiAEE

STIPUN 8% Nl I R W = A7 1 12 B [ I N
Zwart FGEHEH A HAE R (n) I EA AR
AR AR R (R) |, AN T B0

-

%

DRy
R= x(4 R —)
n T BPv Dt

RN n B9(E, W] LA 30 o i A i A 2 K 2

R_3apv 2 Pg—P
Rg \3 o °

py AT L, B AR P A A R AU S R
HERE (pv) AR, BT, R 5L IRE
WA K, AN IR .

L Bane(I-ay)py  [2 py_p
MP<Py, Re=Fyp Rp 3 IZI ’
" 3o, [2 py-
é|P>P'v’ RCZFcond ;erpv gplzlpo

A AERR=10° my BRI B e =5%107;
/ﬁ/ﬂs%\i&Fvapfm{%éﬂ:/‘?RﬁFcandﬁ%Uﬁ 100 ﬂsﬂ 0.01,

2 R R KL o

AR SCHEF 4 M AHZGESE BTT9A AT 4. [
AN e X i B A T R A G Y S 50 F 5 AN B A
o, HEBEEELA 5, ARG HZSENE. ET9A
M2 42k 227.27 mm, BEELL N 1.1, HEHS
B SCHR [7]0

1EH MRF J5 ik BEAT I8 e 2 2 e iR . 1H
B PR A 2D, OB 5D, AN E AN
3D, 1 FTR o T A R 45 A A R AT R
THE P 3840 531 R FH 235 44 T A Al 65 4 I A 2 vk
Xy, Hrbgitgps 1 ERHEZEH MG 2 &, 38
WHE . AR FEASEUNE 1 BT, 2ent Mg anfEl 2 firs

TR, BRI o 1.8 /s, I IE Y
Sk U R R R R BT o AR R 2 A AR B g X
0,= (po-py) 1 (0.5pn°d), L WTIEH S T] py K

1 UR e 22 OK T 535
Fig. 1 Computational field of the propeller

x1 MgERSH

Tab. 1 Parameters of mesh

g Vﬂi:éJZIW% V\]WWJT@ B B4y
KA B/ 73 f RAE/mm [ 4% 48 /mm
1 S K PR 529 0.6
2 AREEHIMR 433 1
3 ARSI MR 713 0.8




32 MM A F B K % 41 &
e %2 HOKETFRIK
{1’ Tab.2 Comparison of open water factor
it ) P oo 1515
r{_u-' " KT error/% KT error/%
Q&' 1 02371 —0.40 0.2339 -8.29
2 0.243 7 2.39 0.2417 -5.23
Bl 2 0 i e 2 T AR 40 3 02413 1.40 0.2417 -5.23
RIE 0.238 0.255

Fig.2 Grid on the propeller blade

TR 2 E o, BRI, S35 R S5 B0k Y 1 Ak
J1o TR BE FOE A S WO T AE AY Mixture B,
SR T Simple 53k o H b 3l O B AR BTSSR
2 Bl RS 5 . He S3 R A Standard AR, i A e Ak
B 2 J7 1k A B E SR e L B, AR R E R
0.000 707 s, =5 oA B fifi F Zwart 580, 5% B S 80N 2R
NS

3 EROH

A SCH XT3 RS AE J=0.71 B 4 PR R S N A i
Bk 1.515 PIFCIRASTF W REGEAT VR A,
2R, GRER, EREHEST, 3FMENIT
AR ZEARAE 3% LAY, BERA T A% 1 m] 1 A
EOMERITE, EASIBCN 1,515 1), 3 MR YT R
ZEHRA BRI, U AW R A TSRO R A
TR,

K 3 F AR XS J =0.71,0, = 1.515F1J =0.77,0, =
1.783 W A T 400 T B M5 € 28 23 Y Pk Be AT 15 A0 B

2R THXT RS % R T po 475k 8 969 Pa Fll
9929 Pa, FAEXT 3 B A% 1A 2 B IR ER 0.3 R,
0.6 R, 0.9 RFARAL AR 21y 17X 1, sl 3
Firs o Hoh R A AR X/L=0 Fm i, X/L=1 FmFi.
Pl i 7, DA AR B A, 2% i 3% 1R e AR ) 328 ¥ sl
AN, BEITIZ A A I A T AL, AR AL T
WFEH . 78 0.9 R AT =0.71, 0, = L5150 T 15
PSSR MK 154 200 S S5 AR 1 By
XIL=0.5~ 0.9, Mt% 2 (L HE K X/L=0.3 ~ 0.9, M4 3 it
A BN A 2 AR W 36 T X/L=0.2 ~ 0.9; J =0.77,
o = L7830 T 15 B A9 45 AL o 1% 45 R R T ik
2 ol 235 g T 6 T 2 ik T T 6 A T T A 45 A )
&, TN R =1 5 g DO AR D G T B 1 I 5 A
K4 Bon T RS B SR B 8000 1 K 5 ik
95 A A 2 W AR B XT L, %A B S Rk gt K
AR S W o A A — 3, XS AT LA, 254
W A% BT A5 25 AR BURE L TR 0 45 SR Am /N, 2 FPAEZE R
Do A% T A5 A AR R AR — B, 5K R AT B B

E .. mesh | 1 8000 F . mesh 1 1 6000 — mesh |
6000 - mesh 2 1 6000 - ~ mesh2,  14000F ~ mesh2
— mesh 3 1 4000 + . mesh 3/ 1 2000 -~ mesh3 /
5000 ¢ / 1 2000 1 0000
£ 3000} £ 19000} £ oot
B S 8000 B 4000¢
s 2000 ¢r | S 6000 = 4000 =
% [00{: e o ] Z g?}gg 7 20{]8: =t
& _1000f TN =7 e £ 2000
=2 000 ¢ =2 000 ¢ 4 -4 000
| ; st )
AR : e 11— S -10 000 PP — -
0 0102030405060708091.0 00102030405060708091.0 00102030405060708091.0
XL XL XL
rR=0.3 rR=0.6 riR=0.9
J=0.71, 5,=1.515

Pressure/Pa

8 000

6 000 F
4000
2000 +

0Fs—
-2000

-4.000

- mesh |
- mesh 2 |
- mesh3 |

0 0102030405060708091.0

XL
riR=0.3

Fig. 3

Pressure/Pa
- il
g

SIREMNEES Y S AEi)ipapog=d

mesh |
mesh 2
mesh 3

00102030405060708091.0

XiL
r/R=0.6
J=0.77, 5,=1.783

Pressure/Pa

Comparison of surface pressure at different ritches

- meshl |
- mesh 2
— mesh 3

0 0.102030405060708091.0

XL
riR=0.9



% 41 A % Wb, % : J T Fluent 49 E799A 7 i At H A& i+ H W A& xF b 33 -

Pl 5 Sk 2 2k 1 Ak K IE B A 1) A AR L, AR 2R R AL
3P AR IR A A —3 . M X/D=0.044 JFIRE, 45
e PRI A% Sk I A Ak 7K S B8 ) A R 4 T R 45 A D A
A TET AT LA B S 45 A0 O A% o —F A 6% 24 9 19 4 2 47
E[SAY Al

"
lol

o7
o
a3
o
a1
ol

0

Water Volume Fraction

CES % 2 24 3 plyass A
J=0.71,6,=1.515

TR 5% 2 [ 3 AT
J=0.77,5,=1.783

4 FHIBEH

Fig. 4 Comparison of cavitation

1.00 120 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00

Velocity u 5 m-s ']

XID=0.088  X/D=0.132
J=0.71,5,=1515

X/D=0.044  X/D=0.088 XID=0.132  X/D=0.176
J=0.77,0,=1.783

P 5 B T K Ok 5 il 1) 22 4 T

Fig. 5 Axial transformation of water velocity at propeller plane

4 % iE

“a

ASCLLET99A RHFFEXF 4, 4300l 5% F 45 44 I % il
25 F RS 1A T A PR RE . B SERT J=0.71 B 2SI
T2 AR T B4 ) BB I #E AT X L, Bk
TS MER RS B T AR L SRS SRR T R SR
Ty, s ia S sl R AN BT A R, 25 TH
FURXT E s, AR5 R A% 6 B 23 i i Rl 25 R
RIS TNV A, 5 A T K I 1) AR b R
I~ 5 K T A Xt I A A P O O PR A, M T T
AR B L 235 K O A% Xt A 163 22 96 1) 4 412 4 1 Sl 5 4
Mo BRI, TESEATIRIESR s R gE i, UL B st
M RIRTE Y B2 W IE I, JES5 A POA% 2 T SR 1Y
EBE, AT A I 25 MR o B RS T R R
WA WEFERT, SR 2540 A% 2 B AP (e 4% .

AR ET99A 1Y 25 WL PR RE T3 4T T 40 25 #R3,
XF A BRI ST TAEA — S I S8 L

SE

[11 FRANCESCO Salvatore. Propeller cavitation modelling by
CFD -results from the VIRTUE 2008Rome workshop//[C] First
International Symposium on Marine Propulsors smp’09,
Trondheim,Norway, June 2009.

[2] MITJA Morgut, ENRICO Nobile. Influence of the mass transfer
model on the numerical predictionof the cavitating flow around
a marine propeller[C]//Second International Symposium
onMarine Propulsors smp’11, Hamburg, Germany, June 2011.

[3] LIU Deng-cheng. The CFD analysis of propeller sheet cavita-
tion[C]//Nantes France : Proceedingsof the 8th International
Conference on Hydrodynamics, 2008: 171-176.

[4] R ZE. AARIETE S 2 I BUE TR K 280 m 43 47 [D]. s
o AT 5 B, 2016.

[51 XUSEAE. g0 R e 2 e i T3S SR It 5 [C//58
VY Jea 4 1 K B ) R S O S )\ e 4z [ K B )
[AFSE S

(6] THUGH, REME. MRHEI A 2 ROBERUREIT I (1], s oKy
SR (CERNE S TEAR), 2016, 40(4): 705-708.

[71 FRANCESCO Salvatore , CLAUDIO Testa , LUCA Greco. A
viscous/inviscid coupled formulation for unteady sheet cavita-
tion modelling of ma2rine profellers[C]// Fifth International
Symposium on Cavitation (CAV2003). Osaka: [s.n.] ,2003:
1-16.

(8] T, ¥k, ¥ S, BT CFD J7 ik e 32 K 3h 7 Mk fk 1l
0], HEE TR K2R, 2008, 20(4): 107-112.


http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027
http://dx.doi.org/10.3963/j.issn.2095-3844.2016.04.027

%41 % F 48
2019 % 4 A

Mmoo A
SHIP SCIENCE AND TECHNOLOGY

# R Vol. 41, No. 4

Apr. , 2019

B i R VA e - A

A R, & KR, BER, FEF
(KR A AT AT, #dk KR 430064)

B AR AE IR S A R A R R A, DA — R SR R A (FPSO) A, AT
— PRI IR BTSRRI B A T FPSO A9 18 28 ey < 0T PR A (B A BT B IR 28 TRl S50
IR AL MG I 5 A5 B 09 B R 2R A EAT LL B AT . dde, RS R T B 45 28, X% FPSO I AR 1A 45 1)
WEPEIEATITAL . A HTEE SR, A I TR T A T FPSO B IR Bk Ao LA — a2 I A B, LA A 5 M ik
FFAHEEER

KR BOREAT; XML FPSO; KHATIR; LM% E

FESES: U632 TERARINAS: A

XERS: 1672 - 7649(2019)04 — 0034 — 05 doi: 10.3404/j.issn.1672 — 7649.2019.04.007

Research on linear design wave method of structure strength evaluating of hull
XIA Feng, HUANG Dong, TENG Hong-yuan, GUO Jian-jun
(Wuhan Second Ship Design and Research Institute, Wuhan 430064, China)

Abstract: According to the special ship type cannot be suited for the formula of rules to calculate the wave load of the
hull, takes a FPSO for an example, introducing a long term prediction of the design wave method, using the design wave
method to determine the extreme long-term prediction for wave load and design wave parameters of the FPSO. Furthermore,
a comparative analysis is given to the formula of rules and nonlinear correction of wave loads. Finally, an evaluate is given to
the structure strength of the FPSO by using the design wave load result. The analysis results show that the calculation of the

wave loads of FPSO by the long-term prediction of the design wave method has a certain of rationality,and the structure

strength of the FPSO is satisfied for the rules.

Key words: wave loads; design wave method; FPSO; long-term prediction; structure strength
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The prediction of the 3D fine velocity field in the pipe of centrifugal fan and the validation
LI Ya', XU Ying-bo', ZHANG Nan’

(1. China Ship Scientific Research Center, National Key Laboratory on Ship Vibration and Noise, Wuxi 214082, China;
2. National Key Laboratory of Hydrodynamics, Wuxi 214082, China)

Abstract: When centrifugal fan working at some resolution, the inlet and the vent is connected with atmosphere. There-
for the inlet and outlet is set as pressure free to simulate the real condition. Firstly, the structured grid is meshed according to
the topology of the fan. When calculating, the external domain is set as static and internal domain is set as rotating at the real-
istic resolution; the interface is used to transfer data; RNG k-¢ is adopted as the turbulence mode. By using commercial soft-
ware, the velocity in the pipe is calculated and it pretty fit with the measured result. The prediction method can be used for

complicated pipe design and centrifugal fan selection.

Key words: centrifugal fan; structured grid; numerical simulation; wind velocity
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Research on the ultimate strength of hull girder under cyclic bending loads
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2. School of Transportation, Wuhan University of Technology, Wuhan 430063, China)

Abstract: After imposing the longitudinal ultimate strength, the capacity of ship will be changed due to obviously non-
linear deformation. At present, the residual capacity of ship is very concerned in the study of hull girder strength. And the re-
sidual strength will be changed strongly under cyclic loading. In this paper, the nonlinear FEM calculations under cyclic
loading of box beams and some real ships have been carried out by Abaqus respectively, to obtain moment - curvature
curves, and based on the analysis of the incremental plastic method and the progressive collapse method, a calculation pro-

gram have been developed, it can analysis the residual carrying capacity of hull girder under cyclic bending loads, then com-

pare it to the FEM calculations' results.

Key words: cyclic bending; the progressive collapse method; residual strength
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Research on the numerical method on the ultimate strength of titanium

alloy pressure spherical shell
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Abstract: Deep Sea Vehicle (DSV) is indispensable to marine development, and the pressure spherical shell, the
structure design of which is key to general performance and weight index of DSV, forms the heart of equipment and person-
nel safety. The welding process has an assignable impact on the ultimate strength of the pressure shell. Therefore, in this pa-
per, a numerical method considering the welding process is presented, which takes the material property change, the resid-
ual stress as well as the deformation induced by welding into account. Firstly, welding numerical simulation is carried on
based on Gaussian heat source. Secondly, the material affected by welding is distinguished as equivalent property and equi-
valent zone. Finally, the ultimate strength of the pressure shell is worked out by numerical method. Comparison with previ-
ous experiment as well as numerical simulation shows that the numerical results proposed in this study are slightly lower,
that’s because the welding process is not completely considered in the literature. Thus the numerical method

in the present study allows for the safety margin, it has high engineering value.

Key words: titanium alloy; pressure spherical shell; ultimate strength; numerical method
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Tab. 2 The relationship between titanium alloy grain
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Research on sound absorption performance of porous materials based on foam-x
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Abstract: Analysis of the sound absorption coefficient of three kinds of porous materials of polyurethane foam,
melamine foam and glass cotton based on FOAM-X, The influence of the thickness, porosity, the depth of the cavity behind,
the length of the thermal effect and the length of the viscosity of the porous material on the sound absorption properties are
studied, and using polyurethane foam as an example, the sound insulation simulation is carried out in the VA-ONE. Besides
,the sound absorption properties of three kinds of porous materials were compared, and the reliability of FOAM-X for predic-
tion of acoustic parameters was verified by comparing simulation values with measured values. The results show that the
thickness, porosity, cavity depth and viscosity characteristic length of porous materials have significant influence on sound
absorption properties of porous materials, while the thermal characteristic length has little effect, and the melamine foam has

good sound absorption properties, FOAM-X is accurate in predicting acoustic parameters.

Key words: porous material; absorption coefficient; FOAM-X; Biot principle
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Analysis on meshing dynamic characteristics of marine herringbone gear

with consideration of center distance
WEI Wei, GUO Wen-yong, WU Xin-yue, WU Qi-hao
(Naval University of Engineering, Wuhan 430033, China)

Abstract: Herringbone Gear has widely application in transmission system of ships and warships. In this paper, in or-
der to study the influence of center distance change on the meshing dynamics of herringbone gears, the dynamic model of
gear engagement was established, the influence of center distance on meshing stiffness and engagement degree was analyzed
theoretically, the meshing dynamic characteristics of the gears were analyzed by using ADAMS. The results show that the in-
crease in the basic standard of meshing center distance, meshing contact ratio and mesh stiffness decreases, the amplitude of
the harmonic meshing frequency increases, which increases the risk of resonance of the gear system, the center distance com-

pared with the standard value of the tiny change will bring greater incentive engagement impact.

Key words: herringbone gear; meshing center distance; meshing dynamic characteristics; ADAMS
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Fig. 1 Schematic diagram of gear meshing
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Topology optimization weight loss research of the floating raft isolation system
WANG Feng', SHAO Hai-zheng?, CUI Hong-yu®
(1. China Ship Research and Development Academy, Beijing 100192, China;

2. Bohai Shipyard Group CO., Ltd., Huludao 125005, China;
3. School of Naval Architecture and Ocean Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: With the development of the vibration isolation technology, a growing number of actual ships adopt the
floating raft isolation system, and obtain a good effect on vibration isolation. The difference of raft body’s structure and mass
has a great effect on the performance of vibration isolation, so this paper uses the topology optimization method to optimize
the floating raft isolation system and design a new raft structure, at the same time, uses power flow analysis method to study
the vibration energy transfer characteristics in the floating raft isolation system. The numerical simulation result can show

that the optimization raft structure under the condition of losing weight still has a good performance of vibration isolation.

Key words: floating raft; topology optimization; power flow; vibration isolation; weight loss
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Research on influence of ship propulsion shaft vibration to bearing bearing characteristics
ZHANG Xin-bao, WANG Ding
(School of Mechanical Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: This paper takes the actual ship propulsion shafting as the research object, considers the influence of pro-
peller excitation force magnitude and frequency, obtains the bearing state of the radial sliding bearing when the propulsion
shafting vibrates, and deduces the expression of liquid film stiffness and bearing capacity of the radial sliding bearings, ana-
lyzes the effect of propulsive shaft vibration caused by propeller excitation on bearing characteristics of radial sliding bear-
ings. The research results show that the propeller excitation force will cause the periodic fluctuating of bearing capacity and
liquid film stiffness of the radial lubricated bearing. The bearing characteristics of the bearing are different under different
load frequencies, and the bearing characteristics of the bearing are more fluctuating under heavy load conditions. Obviously,

bearings must be properly designed to improve the bearing's bearing capacity, and thus ensure the stability of the entire

propulsion shaft system.

Key words: propulsion shafting; radial sliding bearings; liquid film stiffness; bearing characteristics
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Vessel vector rudder reduction roll control system
LIU Sheng'?, TAN Yin-chao'

(1. Shandong Shipbuilding Control Engineering and Intelligent System Engineering Technology
Research Center, Rongcheng 264300, China; 2. Harbin Engineering University, Harbin 150001, China)

Abstract: For the roll motion problem of ships without anti-rolling device system, this paper proposes that the rudder
and fin rudder constitute two relatively independent vector control plane roll stability control systems. The vector rudder con-
trol torque and the m-order regression model of torque, rudder angle and wing rudder angle are established accuracy. A sys-
tem g-robust controller is designed. The intelligent coordinator for rudder angle/wing rudder angle is designed based on the
improved genetic algorithm. The simulation results show that the vector rudder is decelerated and the rudder is reduced. The
rod control system can effectively reduce roll, reduce system energy consumption, and enhance the robustness against sys-

tem parameter perturbation.

Key words: vessel vector rudder; roll-off reduction; p-robust controller; intelligent coordination decision maker
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Research on unmanned surface vehicle cluster system
HU Jian-zhang, TANG Guo-yuan, WANG Jian-jun, WU Xiao, XIE De
(School of Naval Architecture and Ocean Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: In order to make sure the USV achieve cluster operation, unmanned surface vehicle(USV) cluster system
was developed. According to the functional requirements of the system, we designed the overall system architecture. The
whole system is divided into base station subsystem and USV subsystem. Based on the modular design concept, the sub sys-
tem is subdivided into each module, and the hardware selection and software design of each module were carried out to set
up a cluster system with multi task, long endurance, high precision navigation and high intelligence. By transporting the sys-
tem to the lake Yujia lake for the experiment, experiment results show that the USVs system have good real-time, accuracy
and reliability. The system can meet the requirements of cluster operation. The structure of the system can be extended to

UAVs, UUVs and so on. It will be of reference significance for the collaborative and intelligent research of unmanned

trunked system in the future.

Key words: USV; unmanned cluster
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Path planning for underwater glider based on improved artificial potential field method
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Abstract: The problem of path planning for underwater glider avoiding obstacles in a single cycle is studied. An im-
proved artificial potential field method is applied to generate an obstacle-avoiding path according to the motion characterist-
ics of underwater glider. Firstly, to overcome the local minimum problem and destination unreachable problem, the tradition-
al artificial potential field method is improved, and the velocity potential field function is introduced to transform the static
potential field into dynamic potential field. Secondly, in terms of the motion characteristics and constraints of underwater
glider, the method of determining the obstacle’s influence radius is proposed. Subsequently, the constant force of current is
added and its influence on path planning is analyzed. Finally, taking the underwater glider named HUST-2 as an example,

simulation tests of path planning for underwater glider are conducted. The simulation results indicate that the underwater

glider can avoid the static and dynamic obstacles by using the proposed method.

Key words: underwater glider; path planning; artificial potential field; current influence
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A method of moving self-navigation and tracking for auv

GAO Qing-ze
(The 760 Research Institute of CSIC, Dalian 116013, China)

Abstract: Underwater track is one of the important parameters of underwater moving object. We can calculate the
speed and radius of gyration by the track.This paper introduces a method of self-navigation and tracking for AUV and the en-
gineering realization, which adopts the principle of acoustic positioning. It is possible for AUV and shipborne platform to
grasp the underwater position information accurately. It is of great significance for the AUV to realize self-navigation and

position correction and for the shore station command personnel to grasp the position,speed and maneuverability of the AUV

in real time.

Key words: AUV ; acoustic positioning; track tracking; engineering realization

0 g

-

AUV 2K FHLEE A — R, J& TR0k F AL
N, A EFRRAH EAKTHITE ( Autonomous Un-
derwater Vehicle, AUV) ", JE4E3%k AUV 7 H—Fh 51
FURR I I VE N DR B AR PRI AR L BT R . H
o1 5% A5 S0 2 R HE SR Sh I R RSk, IE B —FOR Y
Bk thar . MLEhPEE K TR &, a2 EA Y
(4 $5 2RBE 0 RK T SLALRE 0, (B R T 1 2K X H G D%
CALFE T WYETEN ) B WS RN R I 45 3400, AUV 45K
T RUAT 7 S BRS04 S A R A — AR R M A
. HRKT A EMATEHRMBKT A 520 F A2
DIBE S0y il R EARSE PR IR R S8, R ) b Jak
HKTN H EMAT 2 S BB, 256 0 B L 2%
A, S R X ] P R HEROK R A BT A
FEK R AT HE B B RN ) DT A B B R X

Yris HEA: 2018 — 10 — 09

i AR 1) Jd BRPE AR 0 iR 25 — e AP e, IR FLRf 2 B
B U FEAS W B ALRTCK o

ANk, KT BbRE AR A 3BT B R K
T LA JEBR A K R 2 g A R, X F KR AUV &
H ERUAT A% A0 R 7 AR B 3 B 3 e e 3 £ ol 3 e 3
LN RGEHAT, X 2 RO R 0 TR R
A A AUV A AL E R R, ST AUV &N
B A2 I St A B 7 RS B e ek, HLax 2 Al
T XS T KRR B S AT B AR, AN iE
TR TR EM TG, KRIELNE RS M TIRE
Wi, Br DU B AR R &

ARSCA A —FpiE T KT B R85 oK T AT
iz s H SR BGE R ik, FEMHTKTHE
AUAT 7 B9 B0 fh KPS 3 15 XY A E — T 7R K
T T R B AR R AR Y, KRR 5K
0o 5% Fh T A0 {801 P 400 A AR T B A i A T AR

EEB N miEEE (1986 —), %, Wid, TR, BFFLT5 RN Rt S5 R


http://dx.doi.org/10.3404/j.issn.1672-7649.2019.04.018

%41 %

ARG MK TAAT BES OSBRI F -95 -

JCRHEE S, TR 5 1 I T A 7
UE RETE, R HIRLE 20K AR B R, 5630
AUV S8 fAT 8K F 1 S22 00 B0 8 1 1152 2
LTS £35S TR A T £ R B Y AUV
T3 Bk T B o B I8 U

1 BB RET ENE

B B R H AR AT IE S e AL, A AT
R A 22 R R R, P 2 K 2 3 475 ()
EANL L S RE AL AR 3 UE A

() A0 R A7 2 415 T S i o P -5 2 WA ) 200 1) A2
SEHL, AT KR A 1 bR A R A T i R
GEo ST, AR AR 5 A R R W A (] [7) A5 00 B i
o A 3 A A R B AR E R

S0 E AR AR I R D B A A S B IR — X E A
H 0 1Y I 18] 22 K B R LR AR K A CBIE AR ) B
FEI XU T, FR R 53 40 2 6 56 T8 2 5 Ak 2 A4S X
T, 3 AU T2 AE — 2l T LAB € H AR

JO7 25 75 3O P AR T A& A E AR 22 18] 3 2o 36 7] A
T AN, Y L A B AR S I RE I
8 3 {5 5 SR S Rk ] R[5 ) S b A5 3 RS BT
FEAR bR 2Z B R BUA 7R A, AT AR 31 3% =2 [ (9 B s
AT 3 AR IR B E AL B AR A R AR b

AR SCR P 2 K IR ) 0 O SR, 20 5
JL A = 4 s () i B n] AR R, E AL AR AR ok
NEICE ML OIS, AR E TR ST (S 0
AR, AR5 W m] A B RO 2 R, S
JL5 ERLEARAY AR CBIE 5 A S ik a] 5 £ A 42 Wi )
RIS IRL 22 ), 5K AP AR e i 3 AL S E
fEPRRYBE R . BeAR A 1 B .

&chanu—&f+@—nf+@—Zfo (D

s RO FETTKIT R 2IER 0 HEIE R X,
Yi, ZiNSiN T KT 8 A0 s ( =4 A AR ) 5 x,
y, N HFRYEINE ( =4EARFR ) 5 ek
At N RE DT BRI RN S i n R B & SHE SRt 5 A

e fatrfr
7 ORI TN GRIEASEAD

1 AR A =[5 5 A7 i 2 A o A Y
Fig. 1 Mathematical model of long baseline
three-circle position principle

b SR T S ) ) 22

MY 1, R A5 bn B o0 1 B s W] LA R 2
PAFETE vt B BRIR AR, R {5 bR e ik w | o
fRAR5 2 DEOTHIBEES, W RRE H AR L 773X 2 Bk
AR B T2 b, i o — [, 2 AR e A
AE $2 M 2 8 15 BRI — A =i, P id 5 25
3AMBERERIT A B E . 3 IR A S IC AT LA )
— SR =LA

2 RALMEE A

21 EEBREMBEESHT

M (1) AT, HbrE i 22 2l g AL R Y
IR A7 B 25 | ] I 1 22 RO 2 R R 22 51
T3 A 52 R R B RO 0 B A BT X 3 A4 R 25 TR X
H A5 54 BE 52 1

BB —A™ 5 kmx2.5 km (922 (7 [, FEFE T 5%
2 0.5m. WFENIELIR 2 0.05 ms, 75 3% 22 0.5%0 1 &
FLKE BE A7 FLE5 R A 2 iR o

(K2 5 (i R PEE 017 3T (W 07 B VR 222 0.5 m,
JURS R 0.05 ms, 7R IR EE: 0.5%a)

5 000¢ r E== 35
4500
4000 3.0
3500 5%
£ 3000
= 9500 20
=1
= 2000
L5
1 500
1 000 1.0
500 | =
0 0.5

0 s00 1000 1500 2000 2500

2 [ 5E E bR 0 A5 R

Fig. 2 Simulation results of fixed target precision

ME 2T ELRFEMIRE<ISm, EHR-EH
OB I E IR 2 <0.5m,
22 EEREMBEESHT

F G — P AR Ty 22 A B B AE S el TR
iz 3 i 5 &S TAETERIPRAS . B3 Hir k5
ENES, EMEEESENES G, AIHKELE
A7 RN B bR E AT A 5 . B bR RS R e AR S AL
g B P Bt Rl Y, HARkE Tz s RaE&, RS
fife S0 0 H AR B2 H AR R SHE S I ZI A1 B, JFAS
B O PR B S S AT R e 20 B, T LA
R TAE T e g R Am i, A2 R
BENARFE ENRE B, R H A & SHE S A 2352 2|
FEWUE 5 I E 33 oA R i 07 2R 48 W SEE AR 3 H
PrERE AL, B 3 BARAREME S H O I



- 96 - O

E - % 41 %

RGN oy — B TAERE R A i B 45 1 oo & S8
T, 3 BRSO R T 5 T B e, AR A ARG
FEL L FR PR A QRS XRR T AE X H bR R
BHOSMMERARNG, (B2BRMizs S R5EmN
W = AR 25 X T — A [ B bR U8 A R BT i 1Y
B IER oo [HIEH T B —EAEEs), 3T i
FEAS 1y T A2 ¢+ A, FEA P 0 A I A 2 A B E 1R 2%
XA REHSH W AG ENRE . T B E
BLRGE, FEWAFRGENOR A Mot 2s . D58 22 F s
Wik, X Tias BisEf &%, Hirizshgl AT H
B B 358 22, N S R T B O 1R 25 RIS IR 25 . N TR
T 5 2 B B AR A 000 B 5% 22 8 43 HT 7R 8 ARG

B2 0 7R 8 0 o7 fif BRI A /D B 3 B Tk
S0 A R = VAN N TN 4 N T 5 1 T 47 3 TR
Bl H Ar A 3R G0 RS B

TS E B 2R G0 0K BN 32 5L I R HE 5 B 20
o, BB EE HARMLT 4 Ak, FEFE ¢ B 20 % SHE
S, Hbs g 2RI IC 1 ME S, & 2003 2
ES, 62BN 3ES, My, 6, 3 HE
VRN, REENKEERAZEFEW, FFEELT,
Hbrizshish, HERWRIGAE N 4, HARTEUWEIFEIT 1
MR SRALE N B, BT 1 RRIE 2y + o), AR
X B b iz g, SRFIEIRETC 2 B &+, B
JEWCEN BT 3 I St 13 + 2, AT E LR, I E
R 25 e BARAE B ST B, BARHnAEE
), ABEMERIFEAME . Tl RS ENNEEAZ
RGBT ZIR s SEm ARG B R EAE T, Hir® T
B e sizd), SEMFEIC 2 FMFEIC 3 77 A B AE 2
AR ABCE BT 1B O R AE 2%, WU B4 T 2 7 AR 1 B SE
ZWT .

Va(ly - Ly)
Aty = W
K : Vo HARFEXT T FE T 2 19428 sl il
PEFETC | MBE RS Loy HARFERE T 2 PR S .

[Fi) BT A 1 PR OT 3 7 AR I IR 22 TN T

V3(L3 —Ly)
Aty = W
Kb V3 HARHHXT FFEIC 3 s il )% ; Lok Bix
BEFETC 1 B ES s Lo HAREE T 3 RUBE = .

M (2) Fl (3) o RIS o 50 o 5 — 5 i 1
BT, FEOE R 2ZE FERETMEZ . MoTE R H
T T B 8 2 B /N 2R 9 NG BE A, 4 G SR [
W) 3 ANFETTIE S (3T B AR s —20)
W R G et th HARGL S, HARWE 3R S0 R 50H
AT AT DR 22520

/1500. 2)
Lk B iR

/1500, 3)

AT A [ B R A3 AT B bR e A
WK 3 iR IE T M, IEFEMAK AL, 44
M5tk A B C D,

K3 IEJERE
Fig.3 Square array

WRBWAT 4 80, HipmGWHIEITANE
5 SREWRRIMETT B CWMEYS, BRI T D 1R
o MRS AT BAR BRI R 4 BT RS, T
BCD =Mook, WikzEHE/N, RHBCD =Kt
N, R 2E K
Vp(V2-1)L
Atp = 1500
X, Vo HFRAHXTF D MRz sl i 3

[ B AT DAE B H AR AE X3 1 A2 WAER B C D e
K RE B s HARLE X3 3 A X4k 4 WA 4 € D 2
KB s HAREIX I 5 F1IX R 6 PN 4 B C E DK
FEE R BFRAEXE 7 M8 N A B D EAAEEE
o [RVER AT DA A o RS B B 25 S A EF G H
Bl E 5% B C D =FEICHEN .
_ Vp(V5/2-1/2)L

1500

K, Vi HESHIXT D #4012 Bl i s

it L oSmMiRER/AN, B0, BN O EREAN
W o [a] 1 P 2 AE ]

WEARAE O il —AFEoT, WEFGH MK E
LR 2EH 0, BN IRERK SN ABCD M, M
W2

/1500, @)

Atp /1500, )

_ Vp(V2-1)L
Ab =300
WMARBEEERKE 2 LW, FIEMERZE I A
JC, WK 4 Fras, (B4 4 FEOCHRS i 4 FFoc
K BE BT 40 # o
e s MIENHIERE, FEJTRIEE R L, 7 A~FEITay

/1500, (6)



%41 % BiEE A KTHRATEE S O FRRTRIE T & -97-
A E )]
O Q e} ®)
I>K\ l //4 l
e G {37 W 2 4G=0338 L,
;/FH\\ﬂ“ WEHE I i G R T AR C D E = FEoT R 5T
fﬁﬁ*ﬁﬁ"“? ''''''' —€DH 2N, R IR B R AE S R TR B R e LL Y 52
: M, 35 BB AT 1) P G R il
| g 6 frs i IE NGB BE, thot BEIT N b R oT
: J [BFER L, 9ANBEITH M ABCDEFGHO,
- )

K4 IEJ7E 9 BT

Fig. 4 Square 9-element array

K5 IE/NIATEEE

Fig. 5 Normal hexagonal array

W HABCDEFO.

i FIZ R 2 0 R RR I L BT AO1 i X
IR AR R, A R O 07 RS BRI R A . BEIE BX
ANBERLAY 6 A TS AT RO B IR 22RO 0, i A AT
VISR BOF =FEookef, 3 BFIcs] 4 S0 B A
G T H A DAL E O s 2 A BT ] ) FE R R 55
PR S A 3 e s o 0 T AOF X8, 15 25 e RALFE 1
BLE, BRI I AIRE, TSR ABO =HoiE
B, TR
_ Vo(V3/2-1/2)L

1500
Kb, Vo BARAXS T O BEICIz 3l i 3

W E TR R T AL Z R FAS A5 b, XA A
PZE R 2 D EE L R i, Lk G AR, fEAG Z
[HRH BOF =FFicafi, 7€ GIZHRH AB O =
JCEN, TEGHEFRMBOF =Mt EMNE XM ABO
=BT, EALRZE M, FTLAAE G AL A2

(GO-GA)=(GF-GB),
(GO-GA) HTEAB O =[EIuE i, fmed Mg i X

At, /1500, @)

R ®; (GF-GB) NTEBOF =ML ENm,
A EREN I s g N

K6 IE/\iLTERE

Fig. 6 Normal octagonal array

o % BB 2 5 S PR, BT LR A3 BT AOTHZ X
B RE A BR T L RS B BT A

YT AOI K8, RZERKAED R, EESH
IO b, 453 1S B O G =MItEn, #iT 0 4
W 4B H = ICEN . 1RER KSR 2 ALY
Wkb, BN JE, WAEBI-AT)=(BJ-O0)hb iR %E
K, Wl E 4/=0J F, W LIHREAY 4J=0J=0.54 L,
X BJ=0.937 L.,

V,-(0.937-0.541)-L

At, = 500 /1500, )
A
V,-0.543-L
At, = ~2 27221 500, 10
500 /1500 (10)

FWRAHr ATh b, #3010 H B O G —FFItE
B, HEE A SN BOH =4 ICEN ., 15725 i KA
S 2 A BEARVEE AL, i Losi, WIAE (LG - LO)=
(BL-LH)Ab R ZE e K, W DATHR AR LH=0.512 L, XK}
BL=0.96 L,

_ V,+(0.96-0.512)- L

At, = 500 /1500, (11)
RN
V,-0.448 L
At, = ~2 221500, 12
o Teo0 /1500 (12)

GO A0 b, 45T O S A B H =50 5E



.98 - M oA A F HE K % 41 %
7, B A S B O H =TT M, 1525 i K ik ik |qq otkBlle| —J—

o AL, BN K A, FE (BK - KO)= T T TR

(BK - AK)Ib IR 2 ik, ULiJe KO-AK B, W7 LAiH3 — EEE | ——

1% KO=4K=0.5 L, %Mt BK=0.737 L.

V,-(0.737-0.5)-L

At, = 500 /1500, (13)
RG]
V,-0.237-L
Aty = =55 11500, (14)
25 LA M IE N B 1 e KR 22 R
V,-0.448- L
Aty = =255 11500
Zead Bk, R 2 L K E,
KL B, RKiRzER
_ Vp(V5/2-1/2)L _ Vp-0.618-L
Atp = ——— 2o /1500 = === /1500,
(15)
KAEANDIEER, REHRKIRER
V,-0.543-L
Aty = ——=55— /1500, (16)
KA NDIE R, REHRKIEER
V,-0.448-L
Al‘o—w/ISOOo (17)
2 FRMHTEEBCR I IE B, RGiRE /DN,

WK A IE /GO 48, B H S km, MM T
PRSP L R 25km, HAREE 10kn (S5m/s) , Hix
HAg 0 sizdh ( B A #EE S BHiEm o) , ek
AR 22 2.4 ms, AR RIERIR 2% 3.7 m, & 1
WA EE E B bR KiR2Z 3.5 m, RS KR
7.2 m,

W R, FEARRE X, AT LA [ Y R
TOR MG, (HRAESCPREH T, JERAGE HbrfE( 4
X, JCyk eI . BT LA TR SCE b, fE—EmT
)70 N B B 2 AR5, AR T AR B
B 2 {8 e /N 3 AL B TTAR 51 R A ik 35 1) 54l o
PR IEL N o LA 75 2 2 A 3R G0 1001 3R ik
R I8 (57 I 190 0 B0 R 2R (A B DR A s, (H S A 22 Bk
K B 5500 2R 1) 56 R A LA ZEWF 5T, — JBET 150 T A0 S ik
R R, AR SCAN R 5T

3 IRELIAFZE

MR F 3R % 7 B BRI o0 A, Bedt K Massh A
b A s Sh L R R R GE, RGEALRANIE 7 s .
KTz gl H bR H LIS Sl B0 BR R AR B K S

|| K i 74
|| e | BE

ENERR EffEts EfER EfER EAER SENLfEbR

7T RGANAER

Fig. 7 System composition block diagram

RIELMAA T RS M 70 28 G0 04 2802 A
FHET R G I

KA LN R G EEZ T XK R iz 3 H s
PEAT KPR SR R A 5 i, fliiz 3h H AR BB AR I 11 B
TESCH XK N HYAL . B R LB s o0, TR KR 52
7 B PP S K T iz 8 HAR R BE 5 8, IR B
R I e P AR B 0 JC AR R B R A 3K A A
T ARG, A BE TSR S o B T8 R 2 2 2R S
PR R DA, TR R AR I PO S i R iE 5]
FIbR A58 DK BT . T adt B L3l 1is 00 2 25 A5
B, TR el 8 N B R OK T I8 3 B AR
(AUV) S, iR igias. ZRAR0H
ZROKTHOTIEA  MEE EE & . PARE IR AR
e I PR

it Rl R RS Dk I o NG S R T 4 €T 1 BRI ¢
PR, ZERUE AT 1 SR 3 /R 528 2l H AR 7E U5 X K
TR AL . PSR O ARSI R, IR A
RPEAT AR PR i DR L B AR R R A R

i 28 G T A AR 9 T A T I A
X 7K P S 2 X AR 9 ) S T i R B A TR AT
W E AL, I WIHEAT KR BT R o B AE, UK
R R B R R TR K P R S B, TR
Pl N X IV ST w1V S WA R A Y A S E R TR 22
(4 7 o7 Jit PR AT 2 CE LB IR, AR IBCHORS B A4 37 B

29N

Fch o

ARG TARRE, oM e A K R/, A B
$0) 5 Ao o AT TR Y, R R AR 2 PR R SR AR T IR A%
HEAE 7S 0 A i 18 AR B 0 [, B4 il 7 4> K
PREAHEITIE AR N, R E AR | km, B
JK T IRR B B A S R e A 2R PR A v
R RIARE , IR B AR BAITEK T izsh H
br CAUV ) N, AN 7K 2 07 T8 o 7K A R — 1
KN AE B H AR 2 A 3 AN H SR 1 AL S AT



%41 %

Bk — AR TARAT BE S B SR RAEIRIG 7 5 £99-

B F A O B, S B A SR BB OE
i i R AR £ TR SR 22 /0 3 AN e RS B H AR
MBE B A5 B KN G E BAnifE T g fr, IR A EE
B, I A BRI S BB,

REGEHATHRRELN, BRKTZ3E&EHR
(Eean AUV ) 1 i 22 A8 A B o 15 X A0 2% 5 KR
PifES, EMETT (U0 1#, 2#, 3#EFR ) BUCEN(E
SofaE i [P A R B AR R SR R, KR
FeBks i B A5 B AR 2Ly b 4k iR by, At TR EUE &
PEEE AL L 45 R SO &, 2R E B R
oK Rz 3 B bR B9 67 B AR BB AL LG Rk B, S8 K
T2 3l B AR B R

TE IR R S i BT — IR 5, KR 7 AN T
[ & 3 P 2 AR 5, BAK N B BT R A5 5
WORAE, K2 8 H AR b 2 e g 2% A 20 e 2
A EEAES, AFESEERAELASEEZA
KN ITTHEEEGE, HEMEEGFERAEL A SN
frEfE e, S H AU A SO EEIE

KR 12 Bl H AR B e 7 A A A E A i S
TEE I (R B [B) 0] By 58 B AT, SE LR Ge AR DR . IE
FN I A T s R e O B, A 6 HE T A R
1 km, WIFEEN XIRP, 7K T2 8h H AR EE B E 7 30T
LB 2 R 2km, KAL) 1531 m/s (25°C)
THES, WME S S e i 292 1.33 s, A i 1]
Fa-h 1.5 s,

ARG TAERF A 8 B,

——
o LD
R i
Rk Jika
|.l_55_‘
el 0 STH |-| I I-I I H
Tl g
fkot Bkid

K8 FHg LAER 7K
Fig. 8 System working sequence
18 3l F b5 b 07 2 R L S s i e ko,
B 3 s RO —AE Lkl , K GESEE RS 1.5 s

TEWCHLIT S I o (7 T 1 A9 7 22 i L U
FERLA S Kl BERE 3 s T A TR, EHTIT R O
W, PRSI S 1.5 s KB E R k. REE
SE I — o8 B I R E A A AR 3 s,
RGRR TAESHE 9 PR

9 RFET/EHHKE

Fig. 9 System working situation map

4 # iE

ARG —Fp X KT A ERUAT RS SR 1
PRy i, Oy kR 0L, ISR A X
R ot R e 7 A N A v, AR TR S B T ) 5 AT
1, AT KR 2 e, IR T AUV,
UUV, ROV %K T GAFiz 30 B bR k47 Bk iR 85
] B b, ] 52 B K R 3z gl H AR 3 S AL &5 E, X
FK T8 BARMY LA AU AR Rr . M S 00K
JE SR AR ISR AL BOR T BRI S

SRk :

(11 SfstE, WI5E. AUV BERBUIR S & R #a% (1], K1 5364
¥4, 2008, 33(6): 10-13.
[2] VLR, A E, 220 KELK T B b @ Mg BRI [7]. 4%
TAXF 2R, 2004, 25(4): 77-80.
31 Tigih, 2B, WER. —FOK TR E 7 5 &R ZE S
B [J7. PN 244, 2011, 32(9): 121-123.
[4] ZHEE XmTk, EE & OKFEE &It (1], Y,
2006, 35(12): 1038-1042.
1 VR KBRS K G R R S R (7], 7R 2R,
2009, 28(6): 811-814.
[6] BRz%, 2R, 515, 55 K TEE B b =48 hiBoA (1], it
ARRL2EER, 2010, 32(5): 48-51.
[7]1 RIKEE, B4R, By, KR R e R g S LR (0],
M, 2003, 23(4): 18-21.
[8] FRifete. —FhAkT GPS SEIUK AL B 75 (1], RS
AR 5TIFE, 2011, 11(31): 7754-7757.

wn

[


http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1006-0707.2011.09.039
http://dx.doi.org/10.3321/j.issn:0379-4148.2006.12.011
http://dx.doi.org/10.3969/j.issn1000-3630.2009.06.026
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1006-0707.2011.09.039
http://dx.doi.org/10.3321/j.issn:0379-4148.2006.12.011
http://dx.doi.org/10.3969/j.issn1000-3630.2009.06.026
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1006-0707.2011.09.039
http://dx.doi.org/10.3321/j.issn:0379-4148.2006.12.011
http://dx.doi.org/10.3969/j.issn1000-3630.2009.06.026
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1006-0707.2011.09.039
http://dx.doi.org/10.3321/j.issn:0379-4148.2006.12.011
http://dx.doi.org/10.3969/j.issn1000-3630.2009.06.026
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1002-0640.2008.06.003
http://dx.doi.org/10.3969/j.issn.1006-0707.2011.09.039
http://dx.doi.org/10.3321/j.issn:0379-4148.2006.12.011
http://dx.doi.org/10.3969/j.issn1000-3630.2009.06.026
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-3044.2003.04.006
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035
http://dx.doi.org/10.3969/j.issn.1671-1815.2011.31.035

F A1 K % 4 Mmoo A F K Vol. 41, No. 4
2019 % 4 A SHIP SCIENCE AND TECHNOLOGY Apr. , 2019

R BB 5 UR e B AU abes T P s 1) 5 AR AR AL

FRE, KiRE
(THRF hFHEMHFR, LH @R 210098)

OB fEBORAERMERT . GOKSLE RIS R BRI . X IR S 5 R IR RS,
TRALE MBS i, WERRIRR A . [N, YL RGN, 2 R TR0 . AT Z
4 A T 9 T B R 81 A s ST A 30 A sl B R A0CR AR SOR TR B (LES ) #YJ7 i, T Re=3 900 2]k
Ui B H 9 XUSEAE ) 16 AR Sl B R AT = AR B T o JFEE XS AR SLAE MBS (3D, sD, 8D, DAL HAR) M
Lo WA S A B 1 B, AR AT T SLAE K B ) R, ORIk — AR TT T MR E S ARG USSR 3l B 4 R 28CR
WA REW . W TESIXGLE WO, T WAL 8 2 3 Bl Sn 8 R A B B g, T REUE (A s
WP 78 3 FSLAE R T AL, SEAEMIHN 3D R WeSs A TH ) R R K, 8D W THRHL ) R BGET AL L. W
T SR 5E 1) A BE AT S UL A R AR Bl RS A T 0 A RO N BT TS AR AR A R I o R S8R5 47 A XL
SEAE Z 1) B LA 5 06 A Z A AR AL AR . I Hoh T AR 2 AR, BIRBIR 1 S 48 A
I, AL T AR, TP AT IR R

KRR ¥R dlAR; BIIREAR; BRIk ; AN

hESES: 035 SCHERARIRED: A

XEHS: 1672 - 7649(2019)04 — 0100 — 06 doi: 10.3404/j.issn.1672 — 7649.2019.04.019

Three dimensional numerical simulation of VIV of tandem double risers by helical strakes
LI Yan-xiao, ZHANG Shu-jun
(College of Mechanics and Materials, Hohai University, Nanjing 210098, China)

Abstract: Deepwater riser in waves and currents suffer from a periodic vortex shedding, which can cause vortex-in-
duced vibration(VIV) and the structural fatigue damage. When the riser is close to each other, the flow field interference ef-
fect occurs. In this paper, we investigate the interaction between risers and the effect on suppressing VIV of helical strakes.
Three-dimensional numerical analysis is carried out for the smooth tandem double risers and the fixed tandem double riser
with helical strakes at Re=3900 by large eddy simulation (LES).In view of the different riser spacing (3D, 5D, 8D, D as riser
diameter) and additional helical strakes case, the hydrodynamic coefficients of riser are analyzed, further exploring the effect
of helical strakes on Vortex-induced Vibration of Double risers. The results show that the lift coefficient of downstream riser
is maximum in case that the spacing of riser is 3D, the drag coefficient and lift coefficient are the same as that of the singe
riser in case of 8D. The lift coefficient and the amplitude response of the double riser is significantly reduced after adding the
helical strakes. Due to the shunting effect of the helical strakes, the vortex removal method of the riser was completely des-

troyed, and a very small parallel nearly trailing vortex appeared behind the riser.

Key words: helical strakes; tandem double risers; vortex-induced vibration; numerical simulation
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Tab. 1 Drag and lift coefficient of risers with different X
st avacg N
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B (B A5 Gz B Q81 A i)
X=0 1.006 0 0.2422 - -
X=3 0.9423 0.326 5 0.428 8 0.6220
X=5 1.063 6 0.272 6 0.5756 0.396 1
X=8 1.0370 0.197 8 0.7173 0.262 6
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Tab.2 Drag and lift coefficients of smoothed riser and
risers with helical strakes
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Research on the characteristics of diminutive turbogenerator set's oil system
DU Xiao-dong, WANG Gui-long, LI Yi-xing, GONG Cun-zhong
(The 704 Research Institute of CSIC, Shanghai 200031, China)

Abstract: A test-bed was set up for a turbogenerator set, the general characteristics of the oil system and the character-
istics of the main oil pump are studied by means of test and numerical simulation. The result show that the performance of
the oil system meets the requirements and the off-design condition of the main oil pump is good. The lubricating oil pressure
and the pressure increase of main oil pump have a stable relationship with the speed, thus the turbogenerator set can be adjus-

ted accordingly.

Key words: oil system; main oil pump; turbogenerator set; numerical simulation
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Fig. 3  Oil distribution characteristics
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Research on the selection and method of ship power supply life test index
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Abstract: In view of the fact that most researches on the power supply life of ships focus on the evaluation method and
lack of the defects of the real ship test, this paper studies the test items, index analysis and test methods of the power supply
life of ships from the perspective of the design requirements of the power supply life and the composition of the power sys-
tem. Thus forming a complete set of testing result of power supply vitality test scheme and performance evaluation test is ap-

plied to a certain type of ships. For subsequent new ship power vitality of the performance evaluation test to provide theoret-

ical and practical support.
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Application of muti-heading sensors data fusion and fault-tolerant kalman filter in
integrated navigation system of ship
DAI Hai-fa, BIAN Hong-wei, WANG Rong-ying, MA Heng
(Department of Navigation Engineering, Naval Univercity of Engineering, Wuhan 430033, China)

Abstract: The different measurement methods of heading has different error characteristics, however, the more stable
and accuracy heading measurement can be gained by muti-heading sensors data fusion. This paper present a scheme for in-
tegrated navigation system with applications of sensors data fusion and fault-tolerant Kalman filter(FTFK). It can complete
data fusion Of muti-heading sensors, detect faulty sensors online and conduct fault-tolerant in real time. First, implement op-
timal data fusion of muti-heading sensors by weighted method based on output error variance, then a faulty-tolerant Kalman
filter scheme is designed, The FTKF can detect and isolate the faulty sensor by using fault detection based on method of state
Chi-Square test and residual Chi-Square. The comparative analysis performance of experiment shows that the propose
scheme may achieve the expected fault-tolerant performance in integrated navigation system.

Key words: integrated navigation system; muti-heading data fusion; fault-tolerant Kalman filter; state Chi-Square

test; residual Chi-Square test
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Design and analysis of the carrier for ship degaussing experiment
SHE Jian-guo', CHEN Yang', GE Jian-fei', CHEN Ning’
(1. School of Mechanical Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China;
2. School of Energy and Power Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: In order to overcome the shortcomings of traditional degaussing experiment, to realize the dynamic magnet-
ic measurement process, to improve the efficiency of gathering data, the author puts forward a carrier for ship degaussing ex-
periment. In this paper, according to the relationship between the induction magnetic field and ship heading and posture
change, the author completes the overall structural design, and its characteristic of dynamics is researched. The results reflect

the real status about force and motion of the carrier, and verifies working characteristic of the carrier, which meets require-

ments of ship degaussing experiment.

Key words: ship degaussing experiment; carrier; structural design; dynamics
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A waveform design method for reducing sidelobe level in a

particular area of ambiguous function
ZHOU Fei, CHENG Jin-sheng
(Shanghai Marine Electronic Equipment Research Institute, Shanghai 201108, China)

Abstract: When detecting low velocity moving targets, Polyphase pulse has high peak sidelobe that will cause the
loss of weak target detection.To solve this Problem, a waveform design method for reducing sidelobe level in a particular
area of ambiguous function(AF) was proposed.This method take advantage of the low velocity moving targets with very
small doppler frequency shift, simplified the ambiguous function.we put forward a conceptual for Discrete Ambiguous Func-
tion(D-AF).The foregoing discussion implies that by minimizing the correlations of AF, we equivalently minimize the D-AF
sidelobes. The minimization problem can be solved by the cyclic algorithm described in this paper. Numerical simulation

showed that the proposed algorithm sidelobe suppression for designing sequences with a thumbtack-shaped discrete-AF near

the origin of the delay-Doppler plane effectively, meanwhile, it improved the detection ability of weak target detection.

Key words: sidelobe suppression; polyphase pulse; waveform design; discrete ambiguous function
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Research on RBF neural network evaluation model for
shipbuilding suppliers based on big data

QIAN Fang
(Qingdao Ocean Shipping Mariners College, Qingdao 266071, China)

Abstract: Based on the background of big data of shipping and shipbuilding, this paper takes the evaluation of ship-
building suppliers as the research object, chooses appropriate big data indicators, uses MATLAB and EXCEL software for
data analysis and processing, establishes the evaluation model of shipbuilding suppliers by RBF radial basis function net-
work method, uses 16 shipbuilding suppliers' data to analyze the evaluation model. The validation solves the problem of sup-

plier selection and evaluation of shipbuilding under the background of big data.
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Tab. 1 Initial training samples

Do Ve R RTAN = 1T A 7S =52

' TPS S T T S
e G 359 = W L1 fe.e PN
1 1 65.8 29 8 1.12 5.34
2 17 57.1 43 8 1.00 5.99
3 2 748.1 441 4 1.15 7.15
4 12 153.1 783 6.5 1.02 7.56
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6 1 281.0 34 5 1.20 5.68
7 21 91.97 71 7.6 1.18 5.15
8 76 85.2 117 7.5 1.08 5.25
9 25 304.5 296 8.5 1.10 7.57
10 17 98.3 82 8.5 0.98 6.74
11 9 54.2 233 5.8 0.95 6.41
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Design and research of new rib for naval shipboard
CHEN Lian, KONG Xiang-ming, HE Yuan-ling
(China Ship Information Center, Beijing 100192, China)

Abstract: According to the working environment of shipboard and the development requirements of naval equipment,
it is of great practical significance to carry out the development of new shipboard and self-righting systems and inflatable
fenders to ensure the smooth implementation of naval escort missions and immediate detection and capture. In this paper, the
ship type scheme with different obilque angle and different fender mounting height is considered. Through CFD software
simulation calculation, the ship type scheme with better performance is finally determined, and the ship type scheme with
better performance is targeted. Design and development of the corresponding self-righting system and inflatable fenders; In
the end, the effect of the longitudinal position and displacement of the center of gravity on the resistance and attitude of nav-

igation is explored. The results of this paper are of great reference to the design of subsequent RIB.

Key words: shipboard; RIB; design of hull form; oblique angle; self-righting system; fender
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Tab.1 Main elements of shipboard RIB
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Tab. 3  Ship model parameters
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Fig. 1 General layout plan of shipboard RIB
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Tab. 6 Lifting amplitude result table
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Tab. 5 Trim angle result table
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Simulation for 6-dof movement of underwater torpedo launching
HUA Qi, DUAN Hao, CHEN lJie, LI Chuan-xi, ZHANG Wei-quan, ZHOU Hai-tao
(Kunming Institute of Precision Machinery, China Shipbuilding Industry Corporation, Kunming 650118, China)

Abstract: In order to describe the movement state of the torpedo after launching outside the tube intuitively and quant-
itatively, and to study the influence of the distance of the center of mass and the center of buoyancy on the track of torpedo
and the attitude angle. The model of Torpedo launching is established, using the overlapping mesh method and 6-DOF meth-
od numerically simulates torpedo motion after torpedo launch. The simulation results show that the track of mass center
changes with time, the law of the attitude angle change with time, law for the track of torpedo mass center and attitude angle
change with the velocity of launch, the effect of the center of mass and center of buoyancy distance on the attitude of the tor-
pedo, and the movement of the torpedo. And the transient velocity field distribution. It provides a theoretical basis for the ad-

justment and control of the torpedo after launching.
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Fig. 1 The geometry model of torpedo
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Fig. 2 The mesh model of torpedo and tank
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Fig.3 The overset mesh model
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Fig. 4 Contour of velocity when time is 1 s
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Fig. 9 The force of Torpedo on X axis
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Fig. 10 The force of torpedo on Z axis
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Fig. 11  The velocity of Torpedo on X axis
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Fig. 12 The velocity of Torpedo on Z axis
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Research on pointing accuracy of a ship-based missile launch canister
WANG Yong, ZHAO Xi-lei, LI Xiang-yu
(The 713 Research Institute of CSIC, Zhengzhou 450015, China)

Abstract: Pointing accuracy is an important index to the precision of missile launch canister . Providing the initial
angle when a missile is launched, pointing accuracy is a vital factor deciding whether a missile will hit its target precisely .
This research paper decides the factors that influence the precision of missile launch canister by analysing the overall com-
position of a ship-based oblique fixed missile launch canister and puts forward a reliable and systematic research method
based on the comprehensive analysis of RMS and Maximum's error and the comparison of data . To some degree, this re-
search method decreases the influence of phase angle of various factors that influence the precision of missile launch canis-

ter and reflects the pointing accuracy relatively truthfully, offering instructive function and application value to the overall

design of missile launch canister.

Key words: pointing accuracy; missile launch canister; RMS; maximum; phase angle
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Fig. 1 The structure schematic diagram of a missile launch canister
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Fig.2 The structure schematic diagram of a ship-based missile
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Fig. 3 The structure schematic diagram of launching guide
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Fig. 6 Finite element simulation results of launch canister
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R % 2 R

Fe5 TiH
MALRZE  ERE RERE

D 2! 2! 5'

1 KR TC T 6' 6 8
B 8 8' 13'
D 1.23' 1.52' 3

2 Maximum T 10.41' 9.71' 11.26'
g} 11.64' 11.23' 14.26'
D 1.23' 1.52' 3

3 RMS+Maximum T 5.52' 478 4.53'
2 6.75 6.30 7.53

4 S p<) 371 3.45' 5.28'

H

PR T R0 AE I TR B s N R SEBR AP, 558
P ah MR G R AT A BB, O RAT & B R A
B, e R Ll dg S SRR R E , B
— 7€ B B A (EL RN S FHE o

3 RS RS R

30 RESXEBEHIMIMNREEE

SR S 1T 4 )RS B A% O BRI A TR e
WEXRTa%D . Wik, »ralfie, E124 &
B ANFEFEARFNIEOT , 20K BE /3 B 48 br A 3
ML IR Y, AT RRAR BT . I R S S
R B FB A B 0 KGR AL S 22 55 9, WG R AR
I 2 A T2 FHE I T B sl /D sl BR e il i 22, DAk
P& e T A S 1 R R
32 AEMHITEMIRIT

S B 1T 4 A R 2 O 45 A R e L AR ) A
B I, ESk SR T AR, AR SR IR A
MBSV, AW SSRGS, RaTaen
WD Z AR, DR G e A, ik
AR RS o FE S ORI & S BT A5 DG HETC A Ak 1 AT
it ELIRe, S B RbR E T B, $R e
S T AR R R
33 RPRER

W Z TR 5 5 fa7 %) SR AR el B K
K, TEARAE ARVFRYIEOL S, AT S5 ORI 2 Mo 2 10 22
PRV, DLBE R TE RS B . bedn, 38 O R A el K
ARG, TG SO B T 5 S R R S S AR

I BR2E . A, S e K S B 1) 2 Ja)
[FI B2, P L3 8 b P R S R T LA B, kiR
ZEUR, B0 S 0K I T AR DR JEE

B, A EE SRR A ST L AL S A
Bt TR ZEIR, R R U S RS 1R B A
HEM R, =& HEEAPIARE, A RE A i o 2
— T T, HE AR L o AR A F A i AR A A A Y
I AAR B IR RSB, IR AN B

4 &% &

AR SR AR G IR IR, S R I R 1) R 25 F
FAT =M ERABISIR R, 22Tk
55 S 4 R A A BE AT, X AT i R 0 A SRR Y
16 ARG BE AR T A S R PR A, DD T RAORS B 4R
BB A A A B DL KR S TR E B, W T
SR A R SRR & TR R 2SR
SCHN 8

SE W :

[1] Wk, dki. KE Sk B it (M), bt Jbs#E L
R RRAL, 1998.

2] IR4E, 22, £ 18T RGN LT RORZE ST 7). I
JIER T 244K, 2014, 35(3): 18-20.
XU Ting, LI Fei, WANG Xia. Accuracy analysis and error
distribution of guidance system[J]. Journal of Sichuan Ordance,
2014, 35(3): 18-20.

31 ERR, HEE. G a iR Z =S5 8T [J]. B
TolkAk, 2014, 4(2): 86-90.
WANG Chen-chen, HU Xiang-tao. The modeling and analysis
of opto-electronic stabilized platform pointing accuracy[J]. The
Journal of New Industrialization, 2014, 4(2): 86-90.

[4] SRSV, FEAhiE, R KEP RSB S (M]. dbat:
Il B okt Rt 1988.

[51 ML, AR, R, B G ARG LA i R 22 (0],
L4, 2003(1): 16-19.
YE Qi-chuan, XU Fu-ren, WANG Xin-hua. Calculating the return
stagnant angle of the gearing by use of probability statistic[J].
Mechanical and Electrical Equipment(Marine), 2003(1): 16-19.

[6] Sk, FERIRER T X AL B v 22 I Bl 22 P = T7 V5 [T]. AR el
FXHE, 2002, 25(2): 40-41.
ZHANG lJia-hua. Measurement method of transmission error
and return stagnant for a tracking radar[J]. Shipboard Electronic
Countermeasure, 2002, 25(2): 40-41.

[7] B, 200, Rk, 55, UL S LR T IR I (],
HUKR S, 2004(3): 166-170.
SUN Xin-xue, LI Wen-wu, RONG Qian, et al. Methods and
measures to improve the precision of mechanical transmission
[J]. Machine Tool & Hydraulics, 2004(3): 166—170.


http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.3969/j.issn.1005-8354.2003.01.003
http://dx.doi.org/10.3969/j.issn.1005-8354.2003.01.003
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.3969/j.issn.1005-8354.2003.01.003
http://dx.doi.org/10.3969/j.issn.1005-8354.2003.01.003
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.11809/scbgxb2014.03.005
http://dx.doi.org/10.3969/j.issn.1005-8354.2003.01.003
http://dx.doi.org/10.3969/j.issn.1005-8354.2003.01.003
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012
http://dx.doi.org/10.3969/j.issn.1673-9167.2002.02.012

F 41 K % 4 M oA A F B K Vol. 41, No. 4
2019 4 4 A SHIP SCIENCE AND TECHNOLOGY Apr. , 2019

v - AR Bl A WS S 1 L i

AR, BED, K A K &
(F B A0 TR EAE) 5 705 A AT RSN, =iy 9 650118)

o B Ebxh bR R 55 by 7E 0B g R R A0 AR T g o AR R Y Sl 2 i N B IR AT IR IR A A
A AR A BTy B 2 B T A AT BN, S SR R, 0 S AR A IR AR 2 R AR Sk T JRE ) 1 AT AT
o G5O, BRE G HOE G, WM R RE B RGO, 0 R e N BRI iR AR R G, R AR R A R S
Jom EE e o BRI, X e RS R IR BT AR A A, S5 R, (LA S A R S R B R, R R EUE
5 L7 10 AR fi% wl T Ji o B AT e 455 4 2 A ) g 5 4 T o A AR .

FIE . F FesbdE; AR, FKRBATRT; e

hE 4SS TI630.3; TBI22 THERARIDAS : A

NEHS: 1672 - 7649(2019)04 — 0148 — 06 doi: 10.3404/j.issn.1672 — 7649.2019.04.029

Research on dynamic response test and numerical simulation of the

torpedo impacting the target
LI Jing-xiao, CHEN Yan-yong, ZHANG Tao, XU Da
(The 705 Research Institute of CSIC, Kunming 650118, China)

Abstract: The target typical structure damage deformation and dynamic response during the process of torpedo impact-
ing was studied experimentally, firstly, the two impacting condition was predicted by FEM numerical simulation, then, the
effects of impact parameters on results was studied experimentally. The result show that the faster of the striker, the target
deformation is more obvious, and acceleration response is more rapid. The thicker of target thickness, the target deformation
is weakened, and acceleration response is also more rapid. And the results of two methods were compared, the result show
that the result based on test and numerical simulation are well matched, the numerical simulation method in the paper can

predict the dynamic response during the torpedo impacting the target.

Key words: impact of torpedo on target; model test; non-linear finite element analysis; structural response
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Fig. 1 The FEM model of striker
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Research on location of damaging fault of percussion mechanism in naval gun firing

SU Wan-shan
(The 713 Research Institute of CSIC, Zhengzhou 450015, China)

Abstract: The damaging fault of percussion mechanism was usually occurred in the naval gun firing of a new model,
the result is that the percussion mechanism putter is bent, causing a stop of firing, the end factors of the fault are analyzed one
by one through the method of fault tree analysis, it is determined that the main reasons for the damaging fault of percussion
mechanism are the looseness of the putter and unreliability of the electromagnet bolts.In the solution, the anti loosening

measures were adjusted and the push rod mechanism of percussion mechanism was improved. On the basis of several prac-

tical firing experiments, it is completely solved the damaging fault of percussion mechanism in naval gun firing.

Key words: naval gun; percussion mechanism; fault tree method

0 5 =

RS RGRMIBH EE R, GER S MIE R 3
PRSP 5 i 0 O o RS B S s b, A5
RGP RERAR RIS B T RO EOR 2R, H B Z Gk
J A EAV IR o 8 SR AR 0 A Dk R o R
AR BRSERNRBET RGN, W E Kk
Az il 2 2 IR Y 2% IR, R A0 fige ke S Y
B, PRUEM R AR AR AT

1 FARESEMU K RFE

MR A O R G R RAETR R b, MR EHR DR
G LR, bl RO B R R A, A
VTR o iy 2 I 2 A T A AL S5 b i o A

FREF M B A S s AT, b il sh s HE i iR A, 58
R S St s A, ol SR EAEAT S S S TR AT AR X oz

i HEA: 2018 — 06 — 19

EEE: 757510 (1986 — ), 55, TREM, FEZNFMME AT .

BENE 2 PR

dr A A E R BN 3 PR o SRR EE Y .
Mo R B AR ST, PRSI, e R
XUE B[R] IF A5 AL, fl W Bk TR AT ol il Kk . B R AT
FF, M Sl 4T 1) BTGz 3y, SRR A R & 5 4% AT
FEA 4 mm, S5 R Pt B i 24 i kS B 24
af, MR RIS BRI, S ARk sh iR, ik
PEMEAT SR AR L e BT — R 2yt i o

MR 5 R R AR, MR SRR, £ 30 M)
WO EERIE T, RS P 2 10 m/s, i
S B Ml Sk RS M R R AR IR AT AT AR AT BE D 2 mm, IE
WA NI AR B R, BAHARRAT R A 4 mm,
L P HE AT 45 40 e 22 - 1T i A 6 mm (] BT, 2 119 )i JAE
SR AN 2 R B B ol S EAEAT L ol S EAEAT ] gk T
MW, Brkgoe RS,


http://dx.doi.org/10.3404/j.issn.1672-7649.2019.04.030

%41 % A 77 AUt & AR B B S AL AT R 155 -

[T\
o | o
N e
e
B R

Fig. 1 Assembly drawing of percussion mechanism

R

2 HEFF S RS E IS AL B

Fig.2 Position diagram of push rod and launcher bar

Mk

e
LR

%

g
%
Saa et/

orrrsrsts,

P30 2 L o

Fig. 3 Sectional drawing of percussion mechanism

2 HREBHFBE R E A

AL 7E T b S B A A TAE T AR, (R
J B2 3% L G i B 2 W e ke AT A R
WP IR a1 4 RIS S PR o SR FH e R X il R
BTG OLEAT IR, Sk R, R A A
o B R M i R R BT, SRR RS, A
158l & e E ek e it &, B E S T ALY
Ui R ETY G

2% o & e IR A R B S P AT g
Br, @ R BB AT R R EA 3 A

4 R ERAI A

Fig. 4 Damaged picture of percussion mechanism

W5 i 2 B A A B )
Fig. 5 Damage fault disassembly diagram of
percussion mechanism

BlopR ;s A MU R R 5 Bk DURF R AR B A A
AHE o O e A A ) A R i R AT AR, R LA
PR B S R ] 6 Jir s

|mmmmmmwﬁmmwmwmm]

ol R s T AT

R B
AR

hi e
[i5) 4

6 il AR B AR IR R

Fig. 6 The fault tree percussion mechanism

5 4 48
Al & ) P
i

2.1 FEHBERE

oy A2 2 O UG BRAE HTEAT AL, PR REBR A A 3

Zh N7 AR, 2 A - B 0 R S Bl e



- 156 - Mo A #

E - % 41 %

gy, #EMA gl A AR A R o R Al R . BT
BB 2 & REER Y 8 DCT &L, {H 2 & ke A==
J"RZA, 2 GHESINE —Z, EWEE ., B
FF ) AR AN

HEAF Y R B AR GE T R A N i, Bt
2 BREAR IO R R — 2, @ B, 2 & ARGk
HE g Ao 7 B R /N 28 5, HET BB [FAR 25 &
FOEAT A A, e O B ) BN Y 22 S R S5 R
AR AS R 2

DA I A A P o A R Ak TR IE Y, HERR o W ki
FER R
22 HEERBIMARE

1) AN e A TR i/

5B R ECR e R B, AR KR
MIFLA R, BITECA A2 H/A9, AL & b ] B
KRGS, 38 AR T PRkl 5 40 42 2 1)
AIARXT e S ol S B R 22 A 7 B o
I A B R 0 RS E AT 0, ki, &
& A AT WA B AN T RS ERE A Z=3E I . A
W, R S ] B R
e BT B e sk

HiE

_________________

Bl 7 ek

Fig. 7 The installation diagram of copper sleeve and rotary arm

2) RALFRETTHN

PR R BT RS, R AT IR, o el i e R
IR T SR B ARy, 3 R Y R 4 1 A
AT ARG S AN, PRAEEAT PR L o 337 % 5
SRR T A T AR Ry AT S, R BB AR
NEAEBTZORVE I, S 2% . NIk, #iiks
BT BT EOR

3) b ey 22 2 ) g 1 2

i 22 2 A 22 R PR S PN, 7 000 S A D el 1)
TR S A5, AERUAT B9 HE S T i K 2R e %, n R 22
(1 [ Al 2 22, DUl £ e 2 Ok R P S AT R R 2 A
AT B R BE G, T A 5 R A P 458 BH g S B0 1)
TR AN SAE T P 45 2 2 U Tl L Y T Bl R iR 22
00.02 mm,  BLI7 X 1 4 22 2 [ A R Rk 2 R AT A
S )l A 0.015 mm, i AR BT EIR

4) HEFFEIEA R G

AT R i o 2 R PE B, HEAT AR AT AT AR R
R R AL S AL, HERT RO G R AT AR Y
10 mm, 3 10 mm J5 HEAF S 0] B 22 25 8 S 1o] 5
L, 2R BARTCE R MBS, WiEl 8 frs .
e SR BE P BB S AT 0 A R v, SRR A S 1) T 2y
BT AR Sl 1) 29 SRS L, FEHEAT AR S
SRR o I, HEFF SR A R e oy % B i
I

|

| %
W L

P TTs
aaa }

IR hV 1l
/
Kl 8 AT 3 i A 2 R A B Rt
Fig. 8 Tilt caused by insufficient guide of push rod

23 HESRTRATIZARBIAL A AT 5

P AR R, R Sk S TOURT R AR X AT AT e i 4
T, W S AT AT IR S A A R AR TOUAT R A
Sk TR FH R MR BE B AL, ORI T Bk A A i AT R [
FE, IEFAEOLT, 20 1A ek i Sk IR A Y
EAF RO AT R, R Rk ik Sk 5 T b Y T R R B
SO 7 mm, S AEAT A4 AR RO BEE AT R 10 mm
(WP 9) o MBS H LR, K R
CRAN D, BEBRIRAE LT 7 mm (23R B E 28
RETRIE . ol TR O i I )i A Ty B0, B 2R S 0 AR
SRR, P UL AR A R i KRR
gy, KMl 2 5 BUREER TOUR B A SR B R A B,
FHES AT R R 5 R R b, B S
JE LR BA AR SRS AT, D0 AT S B AT AR 2 A i

7

Ko LG RRHERT W1 45 22 e Ao

Fig. 9 Initial installation position of electromagnet push rod



%41 %

HT b AT & AR B IR R AL AT R 157 -

IR R 2 IR MR IN b, R A AT R A
PG, T A A S A7 R oA 2 e ol 4 2 A IR 110 T 2
PIE, RPN ER O H Bk Sk T A 7 A 5 i A 31040

3 FR VA SRR

Ao 0 o 2 A VA W ) A i PR R AT —
Bro HEAE, R LUREE AT S A 05 R Bk DURF SR AR
I e AN T R 2 W 2 AR R 1 T R AR
8 30 ) AT 2R SR SR ) e DR e o 30 A7 B e o
FEHEANER 1 s .

R 1 HREREBINEEE MK R X R R

Tab. 1 The measure of the damaging of percusiion
mechanism in naval gun firing

HORH S R SR
Rk EER
SEEEEL  FER
SRR B

Wbl CORREEIED g

JEN T 1 AT R AL

MBI pmy mmmsmsR AR R

B kAR ]

X T R TOURT R A 75 A AN ) 5 ) TR R, A DA B
PR S A BE Al L, vy o RE SR SUBI A R (SRR 263
JB ), ARG E Iz B TR FAR A R R G
Bl AR AT FE ST [, HORT BT IR AR R A, T
BN, AT MARA A RO AT AT
i, [ QLORAE T AT AT R N B AT SE L3R

B BT BT B MR B P PR G ) A e R
b, TR X R Bk TR R B R AT RS Bl AR AL B, AR S
2 1) SIS o S Th A OR R B R, R AT LA TR

4 % iE

2 SC LA RE A S AT o r ) ol e IR
B WFFEXT G, R SO S M J5 1k, X R AR R Y
2 PR BEAT B — s VR A E A, N REALEE |
B Hh A R B S D A A B g e . S BRIE
WY, AR 23 A 7 3k 0L T M SRR 2 B L R

)
FAE263E |
I

i g6 5
Bl 10 ik 4 it
Fig. 10 Improvement measures
Br. BN AR AR, i s R T LR G
S W A A ) % A AR il PR 2R, 2 M 4 R G B
ARIFFYIIAT AT 77 1

G R

Sk

[1] WK, sl 28, #BEE, &5, SRS M]. Jbnt dbp{ B TR
AL, 2014,

[21 XgEfE. RG] SEPE RS TR [M]. b nt: o B 52 R,
2014.

[3] WRRHZE. KM h AR Bt 77k (D], MR R OR, 2015,
37(3): 135-138.

GUO Zhao-wei. Research on the method of certain medium
caliber naval gun performance improvement[J]. Ship Science
and Technology, 2015, 37(3): 135-138.

[41 HBBRA, RiGIE, W), S5 SRR BT e R U A AT K
HU B2 R (7] DY )1 T AR, 2013, 34(1): 11-12.
SHAO Xin-jie, KANG Hai-ying, TIAN Guang, et al.
Application of fault tree analysis method in fault diagnosis of a
certain type of wheel self-propelled gun[J]. Journal of Sichuan
Ordnance, 2013, 34(1): 11-12.

[5] 3Rt RO MR 2 A 75 A ARE DL LS Z 48 b K
FRARE [J]. MARRLZEHIAR, 2017, 39(7A): 152-154.

[61 HCRSE. HUBBTT T [M]. A5t 4% Talk ik, 2002

(7] WERIE TR ERAR ) 5 30 2. BRI D27 M. b st &4
A AL, 2009.

[8] ZFiss. MU JEHE [M]. dbat: BT Tl HifAL, 2008.



SHIP SCIENCE AND TECHNOLOGY
Vol. 41, No. 4 Apr., 2019

CONTENTS

Review of underwater vector propu|si0n OVICES ¢ v v v vreretesee ettt ettt sttt e ZHANG Shuai’ XIAO ng-jmg (]_)
The application of integration and optimization method in warship overall design <« -« oveevvn FAN Ze-yang, XIE Kun, REN Sai-lin, et al (6)
Acoustic characteristics of the anechoic coating containing water-filled metal spherical shells:------------- JIANG Min, WANG Gui-bo, ZHANG Ruo-jun, et al (11)

Unsteady viscous flow and hydrodynamic force's numerical methodology of DARPA2 submarine model

............................................................................................................... YU Xiang-yang, YAO Ling-hong, MENG Qing-chang, et al (19)

Hydrodynamic research on longitudinal motion stabilizing hydrofoils of high-speed catamaran ««««« -« «-vovveiennes WANG Yun, YU Xiao, LI Liao-yuan, et al (25)
Mesh comparison on E799A cavitation performance based on FIUBNT -+« «xveveveeeeii XI Peng, XIONG Ying, PU Ji-jun (30)
Research on linear design wave method of structure strength evaluating of hull -+« -+« veveeeeiiin, XIA Feng, HUANG Dong, TENG Hong-yuan, et al (34)
The prediction of the 3D fine velocity field in the pipe of centrifugal fan and the validation «««--«--oreerreerern. LI Ya, XU Ying-bo, ZHANG Nan (39)
Research on the ultimate strength of hull girder under cyclic bending 10ads: -« -+« xxveeeeierri YU Ji, YANG Ping (44)
Research on the numerical method on the ultimate strength of titanium alloy pressure spherical shell ==+« ---veveeeeeenne ZHANG Xi-giu, YU Hao, YU Chang-li (49)
Research on sound absorption performance of porous materials based on foam=x -+« «veevevriii JIANG Kun, XIANG Yang, ZHANG Bo (54)

Analysis on meshing dynamic characteristics of marine herringbone gear with consideration of center distance

................................................................................................................................ WEI WeiY GUO Wen_yongy Wu Xin_yue’ etal (61)

Topology optimization weight loss research of the floating raft isolation System «««««-«veorerereiii, WANG Feng, SHAO Hai-zheng, CUI Hong-yu (66)
Research on influence of ship propulsion shaft vibration to bearing bearing characteristics ««««««««-e v, ZHANG Xin-bao, WANG Ding (71)
Vessel Vector rudder reduCtion roll COMTIOI SYSHEM -« ««++««++txsuretrtaiiiati ettt LIU Sheng, TAN Yin-chao (76)
Research on unmanned surface vehicle ClUSter SYSteM -« vevvmereiiniiiii HU Jian-zhang, TANG Guo-yuan, WANG Jian-jun, et al (83)
Path planning for underwater glider based on improved artificial potential field method «-«« -« -eerrerererr LI Pei-lun, YANG Qi (89)
A method of Moving self-Navigation and traCKing FOr AUV -+« «««+«««c s surreamttiaiii i GAO Qing-ze (94)
Three dimensional numerical simulation of VIV of tandem double risers by helical strakes -«« -+« -« overerrern LI Yan-xiao, ZHANG Shu-jun (100)
Research on the characteristics of diminutive turbogenerator set's 0il System «« -« «xeoreerereiri. DU Xiao-dong, WANG Gui-long, LI Yi-xing, et al (106)
Research on the selection and method of ship power supply life test index -« -+« vevereeree QI Shuang-bin, LIU Dong (109)

Application of muti-heading sensors data fusion and fault-tolerant kalman filter in integrated navigation system of ship

.................................................................................................................... DAI Hai-fa, BIAN Hong-wei, WANG Rong-ying, et al (114)

Design and analysis of the carrier for ship degaussing eXperiment -« ««« -+« -« vereeerri SHE Jian-guo, CHEN Yang, GE Jian-fei, et al (119)
A waveform design method for reducing sidelobe level in a particular area of ambiguous function ««--««veveeeenennn. ZHOU Fei, CHENG Jin-sheng (124)
Research on RBF neural network evaluation model for shipbuilding suppliers based on big data:-««««««««« eevemeeenmi QIAN Fang (129)
Design and research of new rib for naval shipboard ««-«« -« xeerrererr CHEN Lian, KONG Xiang-ming, HE Yuan-ling (132)
Simulation for 6-dof movement of underwater torpedo lauNCRING ««««««veveeerrmr HUA Qi, DUAN Hao, CHEN lJie, et al (137)
Research on pointing accuracy of a ship-based missile launch canister-««-«« -« -oovevremmr WANG Yong, ZHAO Xi-lei, LI Xiang-yu (142)
Research on dynamic response test and numerical simulation of the torpedo impacting the target-««-«----+--- LI Jing-xiao, CHEN Yan-yong, ZHANG Tao, et al (148)

Research on location of damaging fault of percussion mechanism in naval gun firing «« -« -« oveeerer SU Wan-shan (154)



R EMARE RO STEATI R E AR AR
(BT LITHMAFBLZITR) EFiE

P ERGARIE B B0 S FEATI R E AT AR
(BT LITRMAFBLZITRY) (E&FiE

Z P N gﬁ =t
CREENUE SR AN SR, BHAREEEAY
BB A S 2, RE 5 E B S8 S UE e 18000 /i
1| (mEEA) AU £ ROEERARRNEE, SRAT+EAXS | &R (210 S000TE
SHHERRLE, HHFEEARK—SHHA RIBER IR
EHBALRNS, BREESEAEELMEMSE,
TR FHERES AR SN N2 RSN R
%, EiLE S T E SR S, e, ke 13000
2| (EWTLHRAR) | RAMHRSHN, SCErRHRENEHS TLRER | A 210 0007
5, SNAHHENRYE, WETTAEEARMEHA IR
RRMEEER. TREMGE, BRENSENE.
B AN TR, M. B8 BR LR R
- M. BAMEA, BRARENELENREE, SHAEL BFHR: 180007%/%
3| (RLhgm) FRARISNBEMEYE, HEAGLEASRE. 8 | O REE: 120005/4%
Mul, FAERERAISEY.
(AT HA) : o N ._
4| R R sy | EERBMBHEAENS ALY, RATCEOUA. | A [KER 6007/%
(R ESTH) o e o
\ﬁ;_S(W%:OﬂL%%ﬁ) EEBRITUT I, BERR BARIEYE. | 58 KM 36074
YDy . . -
2221 | ourme e amme L _|mmm: 3607/
1¥;; 6| m ) sy | EERBMBARETE, ERAERRA, Al 3
T AT
3 §3 7| e sy | EEABRERS, WREEH, WAKES ST A|FFEIR: 6007T/5E
®e CREERINE L EERANE RN, UHREAEE
ais REMOERBELED, RS TR E LT Tl s
2 : A8, RNEHGEREE T EAATRARSMEFEE BFHR: 60005%/4
Do 8| (HREIHR) FRE, BREHLHEEENSMHUEREYS, HH | 2P0 [ MEE: 400070/4E
> WE A G — SR A RIIEE S 2 5 Rk & AT A
@ RS,

r 4
B Em AR BRI AR, ZOREEN NG
%ﬁ'\ &M%ﬁ%\ z-y]jijE\ EFIEEE{%HE%W%QJﬁ»ﬁE?ﬁ %%m. 6000i/ﬂ5
o| (hEEETI) BUSRAELER, SRAROREAFIRRYE, & | gA [ OOTE
PR R B HIE R, 4 A s IR B AR B
BRI,
T T e —
TESHT AN UH RS, M-+ TR T e B 18000 /6
10| (msmErnEE) W, RERBEANTENZ. FUWE. FAHRs | ga |5 S00TE
B8, HERARRESLEEEREENTHERES B
iy
SORSERMEAN. BRI E R %% B E
5, BHAGNERAMESHYE, AISEEARN— S
1) CRAETRS) A EARBEEANZHE. ERAVSSHAEREMRs (S0 REH: 4005/
%Q
RN REERMAE E RIS RS E BT RE
B0, HETSBHAB1. ENELB. ERESS
| (FREAARSH | SHADK. CELREZANERLETS, BELRE | BT 200007/%
%) RERMSLRNM. KOS HORELN, AHERMA AEHR: 1600070/5
DAL, BOERMARFAR, FiIERMAEANY
A e,
FURBEMIBRALENE, BAANEMIBRITE
13| (ESMABTREMEE) | EXeEEA, ERERHLE. SHUBSESAYEEY | S8 KR 120005/E
BEABIEEEAEN, BELBREEE,
> FREEMIENSS ERNERAGEEHA; S0 ! .
14| (EMRETRRRE) | A S8 |FER: 1200070/5
(ENEEERTE | o : "
15| mmiemE AR R | SO L AR ERAE, SRASLTRATAR. | g lwmin: 12007/
ij]?&ﬁ» 5 ZRINIRES=,
(ESMVEEEEEER | BURSEINGERESLEREA; SHEH/LHEHEMN . _
16 sk ) BT E, HIEEHITRREE, ®R \REH: 1200070/

HFAEULBAXEGAKTEEREA. MESHNDEFTEAORTIERRRRATES,

H5b, AHLE S EETI MR R T R GUHE KA RIRE.

NiEHRE. FRTR. XHTRESELSH

R REFRSAREEHNFTEHTEN BTET —ENRRE TEERNEANFERENEE, NMERERRK
BEMEBRFEIL.
SR EEIE; BXFEEEN:010-83027029 ; BXREFHIHKMIF:13426369560

1T

CR: WP: PEMRMELEALFEL— TR
kS : 0200002909088100229; R17:

TiTEm#HEOZIT

REAA: — MR HERE, WMELXEREMEAAREFE (BRERTEL .




Mok JERERTHEAX R ZEE55S bt
#B%s: 100101

BiE: 01083027274

f£H: 010—83027299

E-mail: JCKXJS@shipol.com.cn
WSS MARFAEOR

QQ: 2796634006

TELILFS: jckxjsgw.com

SHIP SCIENCE AND TECHNOLOGY






