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Prediction of probability of successful water-exit for
underwater vehicles under wave action

SUN Longquan, REN Zeyw, LI Zhipeng, MA Guihui, ZHAO Jianzhou
(School of Marine Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract; In order to realize prediction of probability of successful water-exit for underwater vehicles under measured wave action and provide
a rapid prediction method of underwater launch for submarine operations, the calculation model of water-exit attitude parameters of the underwater
vehicle was established on the basis of the boundary element method. The water-exit attitude parameters of underwater vehicles under different wave
conditions were calculated. Meanwhile, the water-exit attitude parameters under different wave conditions were integrated to form a regular wave
database. The measured sea conditions in a certain period of time in the Bohai Bay were used as the launch environment, and a wave height
probability distribution model conforming to the Rayleigh distribution was established. The pitch angle of the tail touching water was taken as the
judging condition to realize the prediction of probability of successful water-exit for underwater vehicles under measured wave action. The calculation
results show that, considering the worst conditions, the deviation of the water-exit pitch angle relative to the static water condition decreases with the
increase of the wave height; under the same wave height, the deviation of the water-exit pitch angle shows a cosine variation law due to the
influence of water-exit phase. The prediction method has certain reference value for submarine combat to determine the launch timing and provides
a reference for the successful probability of underwater launch.
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Fig. 1 Trajectories of underwater vehicles
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Fig.5 30-minute time-history curve of the wave surface
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measured waves

D 6 ST 5 e ) A R AE o S 9B g
11 RIS, 13 2 AN & 7 B 7 i S D0 38 e )
R ATHIZE o TR A B S B R
fifh2k, 2% 5 (13) 19 805 M40 4 20 F (9
LSO, TFHe P AT 25 2R 15 S D0 30 o 3 A E

Trxt e, xF b 25 SR anE 7 Fiow , R G HHE AP S
(B B AE R0 A7 £ 48L& RAE, A I A A0 A 4F

BRI
sy = e B - (L] .
Hhnax 13
P = [f(H)dH =1 —exp[—%(#) ]

X SCH) e e L, P ok X oz 14 3R
B H o I R TR IR RS o

Loop
075t J/
£
@ 050 /
02st _/ T
b —n— GEVHE
=1
[4710]0]) 74T NP I R R R SR S|

00 05 10 15 20 25 30 35 40 45 50 55
HE/m

K7 FHSEMSETHEX L

Fig.7 Comparison of simulated values and statistical values

2.2 HIRSEXH AN BE RN

PRSI A Ay R WA 2 O R R g
Yg | 25 7 5 @ i I TR 0 50 I3 ok
SRS RE IS 7o P IR S 80 1 5 TR
A /N AT 52 W KR AT 1A 1 M UK S S50
{Eimf_%:ﬁ"‘ W 30 VI 9 0 e (L, %o R AT 1A M Kk 2

SR B W IR R T R e
%H/Eﬁl_liﬂi SRR AT A AKCRR AN R 5 i
TR I A ) A0 S R, A A Tn S T, AT 5
HAKRBRESSE

BN R 00T B R AR A R K T
HR Al AR A 4 22 HeAS BRI £ I 25 4E B

(¢, =)
F=""5,

Horp ) R K S8 T R 3 fih K s A AREA £
by FRANR BT B HB K sk AR5 A0 £ o

8 AN TR i i T HE AR AL Sy 8 0 o7
TR ] A YR ) AT T A 0 Sk K IRFAR £ ket 252 1L 1) A2
L, I ZRME B <0, ¢, <&, , i THL T AT
HE i 7K ARFACR A B4 2 M) 2 A2 I, AN A T R S
it 5 I = A BE, AREAVR 6 e 2 (RS AL S R 388
ot Bt 0 R ) 3 I8 TR T L 3 1 T S+ X
AT AR EETT A K IRFATR £ 180552 i B oF B RS 5 92 R 4T

SEREH  ANELE E B SRR X N o Bk 25

(14)



%5 4

PR A5 PR TR K AT R A B R TR $ 139 -

PEAT N ARIBUER L T B2

0.00rF

M 22
I

7010 1 1 1 | 1 L J
0.0 0.5 1.0 15 2.0 2.5 3.0 35

#H/m

B8 AT T R £ I 22 1
Fig.8 Deviation of pitch angle under different wave height
K19 A TE KA AL (TH3E T H =
1. 88 m JR [ AR ) T AR A Al 22 1B 22 4k
Mk, LR =0 A ALk, s REZ b o, >
&y o 1 KORH AV T 8 S i 7 IR AV 1 522 1 5 i) (5 )

TR s LT &y <y, KA
SN (AT A o

HS AU 77 222 0

0.03r

0.02

0.00

M 22

—0.01F

—0.02F

7003 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350
HRHR AL/ ()

PO ANTm] K AL T A DR 71 D 22 (B
Fig.9 Deviation of pitch angle under different

water-exit phase

WAL 9 T PUA B, A AT A
i 22 W6 A K A AL B AR X AR AR R, TR D B
& KA A 1R 22 A, Ui AR S5 st 1) 0 3 T e A
[ ), M S5 A AN I TR ) A% F A7 AE AR X as 8, 32
PR AT A 1) B 0, 30 PR 5 A s Bl ) T 1)
P AR TR AR AL . TR B A N B Bl n &1 10 By
71N S AE B B, P IR AL AR T 1) IR S Y i
77 [l AH ] ; 7 O, WEIR AL T 1] AL 1A
Jo S A8 B 7 ) A S o 8 W A7 B AR 0 A o7 B VR
AR 3 B A [6) , 3 R A A1 T AT 4 2
VA0 Ak R ACT 0 A S PR O < e 7 e K AR

JR G AT x B AE Dy s gl e 3 A BT
S F BRI IBE 4 7 i 1] A0 AT P ARE A 5 1], i VR
XoF 2 TRl Ak A AR AV A 114 £ 5 W) 3k 3 e R 5 AR AL
B K RS AU « Bl s s sh Y et
SR BT 52 1) BEE I A 0 X A T AR A 32 3 2 4
AR R b YR X6 2 38 i AR AT A1 1Y) TF 52 el 3k 3]
K.

BORAEARTT 17
PR R AR T 17

Jerl
Mird

— — — — )

K10 JR¥EAEXTHZEE)
Fig. 10 Relative motion of waves and fluid particles

JT LAAR A1 = T, H T I8 R o s 2ol 3 3 1Y)
AL, 32 BB IS g B2 e AT s 7K 35
S R T SEBIK T AL TR H K B RE R P
T, BORH [R5 1 A [ H K AR A7 v e 45 1
TOLHEA T H K A 58 T i , P 5k A AR An
2.3 Tk (LRI AR I M & R B, s P*
B0 R KRN A b d5e/INBS, HEAS SR BT 6] 7 e
5110 00 Ry o7 1 7K ) o
2.3 KTARATEH 7K B Th T R T

FEVERE PRI AR LR R 22 28,
FESEA TV S 08 B 2 i, T BRI LT 1 Kk
S IR AT R o A/ N E X I TR
SR — KT ATA TR 7K R 3R A PR 4T
T e

1) B TR A5 i 57 o T BRI S A i B
W22 W45 00T B A5 10 B2 30 fi /K ARFAD £ 3k
FTHER, T B W TR A o JE A 2.2 5 40
AN, ARTRIE T AR A 0428 Ak 32 B K AR A 1)
SO, 05— KA A7 23 B B 45 1 O (B
T AR A F 5 /N) o T LA, 7 A BB U 9 YR £
P PEBT , TR S AT IR AEAS [R]85 B 5% 4 1Y
50 B R Ak A 1 B MRV A A B P
P TR B S 5 d BRI IR AR -2 S i
ORE IR B IR B S BUCEEE 0,14 Tm,
Pl bE 0.5 m, BEAS T80T BT A5 0 B2 3B ik 7k
RFAD Ff 0 AR YR ES A PE v h o Sl I 8 WL &
U 5 10 1 P 8 AR AV o A 2 (30 0L 22 e P
B LA, X TR R A B R B (b H =



- 140 - e PN

544

0.3 m) , AR 23 B4R PR A fEL A5 21 i K ARF I 46
BRI TR SN AT A AR B E

2) SERMIR AT : LA 20 1 7 BT S 0 S0
TR, A7 T3 36 R FE W Wik A5 8 SE TR
(- 250 i Ho

3) MR PR TY A ST i H B 2307 I
BRI 0 LA S % 2 (13) 2 57 B 185 43 A A
ARIRARLTY

4) 3 1o 32 B W K SR < SEBRK T
KRR IR EES S RO A FRE Y, LUR D £
D, AR A R A PR (EI P A 58 K
Jaikal i — Atk A 7 AT A FORE, & 33
BRI o 8515 R ke K ARFAVD A 101 1 ( L
g =0.61),f1 2.2 WA A, 1E R % &S L
CURYTR DL, R v s A R AFD 3 B D5 v 140 8 o
REEAER, BT LA ) A L U 90 TR 5030 T o BB ik 1 i 57
(E AR R H,, PN S50 H O AL A5 H <
H,, J5F K AUAT VAR £ JR2 958 Sl 7 R AP0 7 o 3 A2 30
PN 2R %P H R Al LS
Ko (13 ) BEAT AR B R Al 45 21 15 1% 58
BN 1 R S 2R AR H AR A, B
IK AT A H K R P

SO R A AN IET 11 R H,, R
T 12 TR B KR 0 ~ H O BT Y RS
i, G0 MR 238 0317 R KB AT A5 3K R LA T A
AT o AT AT A AR DA A 14 3
FEANP 12078

1251

1.00

0.75F

R ]

max

0.25F

FEBFER
Y X 13

00 05 10 15 20 25 30 35 40
5 /m

BT P e i
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