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The Optimum Structural Design of the High-speed Surface Effect Ship
using Composite Materials
- Minimum Weight Design
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Abstract

Recently, many researches are carried for high-speed and light craft. In this study, the
optimum structural design procedure and the computer program are developed to minimize the
hull weight of SES(Surface Effect Ship) built of composite materials. Three types of cormposite
materials-Sandwich, Single Skin and Hybrid type- are considered and the efficiency of each
type is investigated. In design process, the optimum design of main members is performed at
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first considering longitudinal strength. And then, the transverse member design is
performed considering torsional strength. SSDP ( Structural Synthesis Design Program )
of US. Navy is adopted for design algorithm, and DnV classification rule for design loads
and strength criteria.  For optimum structural design, ES 1+1 optimization technique is

used.
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Table 1 Result of optimum design of
sandwich type

No. of plate QOrigin(mm)| Resultimm)
face (protected) 1.75 174
UpperI Deck core 40 53.09
face (exposed) 2.15 2.18
2 face (protected)] 1.75 174
Superstructur core 40 19.97
e Side  [face (exposed)| 2.15 2.18
face (protected) 1.75 1.74
Main-Deck core 40 2892
face (exposed) 215 2.18
face (protected) 1.75 1.74
Main4Deck core 20 21.10
face (exposed) 2.15 2.18
5 face (protected) 344
Side sheli core 11.67
above W.L. [t300 (exposed) 389
6 face (protected) 344
Side shell core 12.05
below W.L. [tace (exposed) 389
C 7 face_(protected) 344
Planning core 43.47
Surface  [tace (exposed) 389
8 face (protected) 3.44
Tunnel Side core 17.85
face (exposed) 3.89
face (protected)] 3.56 344
Crossg Deck core 40 11.67
face (exposed) 3.56 3.89

30.00 ~— —.— Totul mass {g/mm)

—— Plate thickness (mm)

—gp— Totalstiffensr mass (g/mm)

2000 —

10,00 —}

8
Numbaer of stittenar

Fig. 8 Stiffened Single skin plate
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Table 2 Result of optimum design of
Single skin type(&&012 B0 7i5)

Origin (mm) Result {mm)
Plate S"gf;ge’ Plate| stiffener size
thick.} (nuabtetw) [thick. | (hwebftw)
1 Upper deck 487 10~65‘2é§2*1.04
2 % .
Superstructure 487 | 1240 21205)50 112
side
3 Main deck 39 ”.81*%?6;8*1.06
4 Main deck 3.9 12-00'}17i;8*1.16

5 Side above
WL, 7.12 | 75+75+3(2) | 6.14

6 Side below e, 35.03-48.89+1.05
WL 8.12 [ 75+75+3(2) | 7.00 3)

no stiffener

7 Planning 75 47.70+51.79+2.07
sruface © | 1012 75+75+6(2) | 7.00 i

8 Tunnel side| 8.12 | 75+75-3(3) | 7.00
9 Cross deck 7.19

30.13:36.61+1.72
®

no stiffener

3) Hybrid Type ¢ #* AA A

AR 2 ¥ Hybrid Typeol g A
Al A7} Table 3 o Foix it} Table 3 offA4]
deck 9} core AF7F I AR AL HF A
Z7249] g& ol 28y, Single skin ¥

A0l BRol XF7t Fof AA A i)
3.2 13} #+Z= B = MAAH 43}
D 353 1*
Table 40 3532 HA A7} ye} ek
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Table 3 Result of optimum design of
Hybrid type(&soh2 B 715

Origin
No.of plate {m) Result(mm)
1 face(protected) |  1.75 1.74
Upper core 40 49.24
Deck | tacelexposed) | 2.15 2.18
2 face(protected) 1.75 1.74
Supers?ruct core 40 15.88
ure Side | face(exposed) | 2.15 2.18
3 face(protected) 1.75 1.74
. core 20 21.62
Main Deck
face(exposed) 2.15 218
4 face(protected) 1.75 1.74
. core 20 14.83
Main Deck
face(exposed) 215 2.18
Side 5abo o|Plate thickness 75:7715%3 6.14
Vel & stiffener size © no stiffener
6 . 8.12 7.00
Side below| 5/AE NCKNESS | 76,753 |2226:30.03-1.17
WL, (2) (4)

7 . 10.12 781
Planning | P1ate thickness | 55 706 139 09.39 3443 36
Surface & stiffener size @ @)

8 : B.12 7.00
Tunnel | BIAlE ICKNESS | 75,753 |35.12:38.86+1.35

Side (3) (8)

9 facelprotected) |  3.56 3.44

Cross core 40 11.67
Deck | tacelexposed) | 3.56 3.89

Table 4 Result of the optimum design of
transverse web frame ©$(mm)

N”':fber Origin_ | SiN0#e skin| Sandwicn | Hybria

T Web (hw#tw) (hw+w) (hw=tw)
1 397.10+1.18| 462.64-1.18 | 428.88-1.18
2 187.48+1.18 | 218.17-1.18 | 200.56+1.18
3 159.68+1.18| 183.27+1.18 | 16850+1.18
a oo 220214118251 26+1.18|232.69-1 18
5|10 T s 3701.18]284.95:1.18 | 252.37+1.18
6 000055, 3401 18]292,04+1.18 [ 254.34+1.18
7 467.30+1.18 | 543.35+1.18 | 467.30+1.18
8 300.00-1.78 | 300.00-2.34 | 300.00+1.78
9 300.00~1.35 | 300.00-1.79| 300.00+1.50

Table 41 35F<e] 47} Single skinollA]
A U2 olfe Tl A B effective fla
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Table 5 Result of the optimum design of
longitudinal bulkhead

29 (mm)
Longitudinal " Single . )
BHD Origin skin Sandwich| Hybrid
! face:1.75 Sﬁ)ﬁ face:1.74 |face:1.74
core’50.0 | core:5.38 |core:5.22
stiffener

3.3 3 gud 47 M W AR HE

Table 6014 B £ 9d%eo] HAFHOE=E
15%-30% A=l A% FA7F HAh Single
skin 829 A97t 7MY {Eld olfe AR
T8 o] HAA Ruledlld 833 ME=SA 8
Aol face FAZ FRL, SR YT To] A
AR AR 32le) AL H5Fo] R Eo] 9]
= M9 face FANE FEES FAZ A3
jio] ME=SX] BAlo] Single skin 2o H]3)
g7t AR 7] wFo|rt.

3.4 Y BHHL| AE HE

Fig3el $ud g 3us B olislsle 2%
= BN M ARE Edz duAse)
28 58 Table 73 2l &71M Axd &
3 geo] 3§ Y ¥ (6090 N/mm? ) 2
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Table 6 Result of optimum design of
midship cross section

Origin | Sandwich |Single skin| Hybrid

Distance of
N.A. from 2958 3358 3212
B.L, (mm)
Section
modulus at
Upper Deck
(m?)
Section
modulus at 0.2669 0.3332 0.3186
Bottom (m®
Primary
Stress at
Upper Deck -34.21 -21.20 -24.35
(Saggin 9
(N/mm?)
Primary
Stress at
Bottom 30.74 24.61 25.74
(Saggin g
(N/mm?)
Primary
Stress at :
Upper Deck 23.11 14.33 16.45
Hoggng
(N/mm°)
Primary
Stress at
Bottorn -20.77 -16.63 -17.40
(Hogging)
(N/mm’

Web frame 1050 4375 375 375

0.2398 0.3869 | 0.3369

mass/Unit | 278.270| 232.608 | 177.405 | 230.060

Trawvgrse
el

mass/Unit 57.258 | 50.920 49648 | 52.029
L ength (kg/m
Total
mass/Unit |335.528 | 283.529
Length (ka/m

227.053 | 282.089

Table 7 Result of optimum design of
longitudinal cross section

Sandwich [Single skin| Hybrid

N.A. from
cross deck 2149 2043 2153
{mm)

Section
modulus at
Upper Deck 0.4431 05119 0.4383
(m?)
Bending stress
at Upper Deck 6.28 5.43 6.34
(N/mm?)

qdYF, €43

o

3.5 ol x| MA Ho ¥ HIEH Z
£ HE

HEY ZxE nHe Y HA Ai=
Table 83} 2t} 7|4 2zt Ao 2= A

S3o] 34 AW 2 ( 4000 N/mm® ) B
o ZA €48 ¢ 4 Atk

Table 8 Result of optimum design of
transverse bulkhead

No. of | Origin Result
T Web (m,gn) thickness| Shear stress
. {(mm) (N/mm?)
face 174
! core| 2458 34.57
face| 1.76
2 core| 2447 26.17
face| 1.99
3 core| 2348 17.80

face:1.75 jface| 1.74

4 core:50.00 | core| 30.76 400
face| 2.24

5 core| 2140 1018
face| 1.78

6 core| 2444 2273
face | 2.27

7 core| 33.39 3187

4. 34 2

2 dFoMe 2 Advte] n%s Fg] e
AR FF Fae T840 F4gd w2} 5
Aag AP A3Y 205489 A4 TH A
Al A 22 a3 Jgete] /el A-8sich

MdE Z2aie Bjse] Fx¥H 5 O
Y T/ ¥ & =R 72 ¥
Single skin Pl 2F ARG F glen, o] F
7HA] ¥4o] &5 Hybrid typeel tHaiXE A
A % AAE S 2 23, $F a4
AE Single skin E4o] 713 f2d AeE
Epstth

AEY Y B¢ A= B o BF=
o} vlEY =7t T8¢ 8Qleo] Hed, ¥ A7
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