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Numerical prediction method for slamming
load of manned submersibles
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Abstract: The calculation method for the slamming load of manned submersibles floating on the water sur-
face at zero speed was studied in this paper, the calculation processes for predicting slamming pressure were
provided based on the frequency domain and time domain response, the calculation formula for the extreme
value of slamming pressure was derived, and the frequency domain and time domain slamming pressure pre-
diction on a certain manned submersible were performed. According to the calculation results, the effects of
ship motion and wave surface inclination on the water entry angle were not considered in the frequency do-
main method, so it is only suitable for ships whose motion responses have little effect on the water entry an-
¢gle. For a manned submersible, the motion response is significant, which will reduce the entry angle and lead
to obvious increase of the slamming pressure coefficient. At this point, the slamming load should be calculat-
ed based on the time domain method to avoid the underestimation of the slamming load. At zero speed, the
slamming pressure of the submersible on the wave facing side is significantly greater than that on the other
side. So the slamming pressure on the stern is greater in following waves, while the slamming pressure on the
bow is greater in head waves.
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Tab.1 Error statistics of extreme value fitting results
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Tab.2 Slamming pressure results based on frequency domain method (kPa)
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Fig.6  Bow slamming pressure (H,,=2.5 m, T'=4 s, 180°) Fig.7 Stern slamming pressure (H,,=2.5 m, T=5's, 135°)
32 FEITEER

BT AQWA B AFHEAT I ez gl 7 3148, A R 1] TR A TR BE ] 3.1 . A TR
IRAE 3/ AR, BB IR 2SN[R A7 B MU AT 58, LABA PR AR TS I 08 22 B P el UK, S v
ol IR I B AU SR L

TERR JE 0 L7 X R R 3 3 S B 1 A M TR A AR A A% ST i ARG A K G RE B A S
{EL S5 RDLIET 8 ARIGLR A, 41 A5 B9 A KB BE BE T A3 R M), B A 180° 9K [ ik A K S JE ¢
R 7 B A FLAE 90°~135°7R fia) X [A] A ZK 8 BE R, S A b 25 TR ) B A KGEURE 25 S BN



X WLAEAE - BN TR A bt o AT U E BRI A BE 5T

1023

- 4 . | | l
: #1255~ 10s —4—8s
Ei v—T7s ¢ 6s —4—5s —»—4s W;
EE( | //M/V/rr/m///,¢,ﬁ/ ////‘_
— -
= i .
L ——
= - //1-
il e
[
: Tt
0L | | | I
0 i i 135 180
/E[’ﬁ](o)
(a) ﬂﬁ%ﬁlz@j
— , | | | I
g = 1255 —e—10s —4—38s
é I —v—7s ——6s —4—5s —»>—4s i
P4
3
iy
il
pis)
=
z
=
20
= ol | | | | | | I
| ) i 135 180
?Ei ﬁ]] ( o )

(c) Zefi Lt e 3L

T T T T T T T T
= 1255 e 10s —4—8s
—v—7s & 6s —<4—5s —»—4s 7

E
o
o
o
E v v
L A
M — ——h
# o
= - .
oo
=
20
= ol I . 1 . L R 1
0 45 90 135 180
IRIT(°)
(b) fE#RIX 3K
— T T T T T T T L T
Z ~—=—]125s e ]10s —4—8s
f; 3F | v 75—+ 6s—<45s—>—4s |
X
&
LUEEE
L
Y
e
=
=
oo
5
=
20
== oL 1 1 L 1

45 90 135 180
()
(d) A% b A e 3

Pl 8 4% XSS A FR Yo 3o BB A LA (H, =25 m)
Fig.8 Significant value of relative velocity between ship and wave
FRE S 2 5505 B b ARG BE 3K 1) T=4~6 s 19 T B0 A7 s i 0 T4, &5 SR 36 3, 1 9~12 g3k
Oy TOUE T = R OB = T o MR AR T 45 SR o U O AR 2R BT 3 K, T8 1A T 7 0 e 1 b
J7, AR /N B Bk /b
R3 HEEHREBITELE R (kPa)

Tab.3 Slamming pressure results based on time domain method (kPa)
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180 316.60 158.10 83.76 1041 16.55 8.27 23.0 26.05 21.90
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Fig.9 Bow slamming results (H,,=2.5 m, T.=4 s, Wave direction: 180°)
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Fig.12 Slamming results of stabilizers (H,,=2.5 m, T=4 s, Wave direction: 135°)
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