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A study on structural strength of laminated composite material
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by Yutaka Hashizume, Yoshinori Tsumiyama, Masaaki Fukushima

Abstract

Recently the population of personal watercraft users has increased rapidly, and

performances of personal watercraft are much improved especially in speed and power.

A hull of personal watercraft is made of S.M.C. in general, which is one of laminated

composite materials. S.M.C. is short for Seat Molding Compound.

Personal watercraft is inspected by the ‘Special Rules for Personal Watercraft in Japan,

but the current inspection rules were established when performance of personal

watercraft was not high yet. There are no studies to help to examine whether personal
watercraft have enough strength to endure the usage at the current high speeds and
by high powers. Structural analyses are needed to review the current inspection rules.

Structural analyses of personal watercraft were carried out using FEM analysis.

Load conditions were the case of drop test of 2.5m height, and the cases of running

states in waves.

Bending tests for the boat have been conducted to compare experimental results with

calculated ones.

Results are as follows:

a) The maximum stress value of the drop test and running states are considerably
smaller than ultimate stress, and sufficient strength margins are left in both
states.

b) The stress value of the drop test is about 2 times larger than those in running
states, and present inspection rules may cover the high speed running states of
current personal watercraft.

¢) Asno stress concentration is observed on the hull and stress values are small on
those load conditions, tested model has reasonable structural designs.

d) Deflection modes of the hull are same as those of F.R.P. boats, which absorb energy

of wave load mainly by the local deflection nearby the loaded area.
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ThHy, PLTHThHhE LE
BRELSEET 5, FEREL
SHHANEIIE2IZ[F A Tk
RWBIMEIZ D LBAE B AD
LBHDS, FERE & FHEMEITIZ
IERSSERN TS EE 25,

X—21 Z Rk, X—22
IHERS DT 3+ « I—F
RSO AT RS, ISIHE
[ CET- VA= Bk A B YY)
B LB L TR Y FE
L L TWAR, HER,D
Y UBEND LGS, B LD
BEINEL o TND,
AR X 2 1 ZeEDEER THRE
BT B 0TI <
REMIZL Y = XNVF— %K
NLTWB, ZDEBRERL
HEBREOKEBIZLDY
MSC/NASTRAN DfETFEE
I3+ ThDZ L BHER LI,
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MSC/PATRAN Version 9.0 29-May-00 19:19:37
Fringe: "1TTON_X1500.SC1, Static Subcase: Stress Tensor, -At Z1 (VONM)
Deform: "1 TON_X1500'.SC1, Static Subcase: Displacements, Translational

09050

RRAEE
destorols.

etereesss,

52
=

%S

&
S5

%

s,

1.82+01
1.68+01
1.54+01
1.40+01

1.26+01

7.01+00
5.61+00
4.22+00

2.83+00

1.43+00

3.70-02
default_Fringe :
Max 2.10+01 @Nd 31740
Min 3.70-02 @Nd 6397
default_Deformation :
Max 3.16+00 @Nd 2866

B—21 JEA5An (REdhiFRER, B4R, Von-Mises i&7))

MSC/PATRAN Version 9.0 29-May-00 19:21:55
Fringe: "1 TON_X1500".SC1, Static Subcase: Stress Tensor, -At Z1 (VONM)
Deform: "1 TON_X1500".SC1, Static Subcase: Displacements, Translational

N/mm*
2.10+01

1.96+01

1.82+01

1.68+01

1.54+01

1.40+01

1.26+01

1.12+401

9.80+00

8.40+00

7.01+00

5.61+00

4.22+00

2.83+00

1.43+00

3.70-02
default_Fringe :
Max 2.10+01 @Nd 31740
Min 3.70-02 @Nd 6397
default_Deformation :
Max 3.16+00 @Nd 2866

K—22 5554 (s fRER, ARESMR. Von-Mises /7))
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OEWEIZFRHIVERT 5 SRE L. BrEDIEIZSY
MEEZAT UTHET 21TV, T UZELBIH
LBBEHE U, BEHREE

.~.‘Hf”l"llﬁillllﬂll“llIIiIIII\\l\\\\\\\‘ \

1% H55 (PRIME) Baems 1
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X—23 FEESBFRE (& TRAR)

#z—12 FEMORMENBAICRIZTEE
YIRS | BAERAmm) | B8 /a)
RO E L@ 10 1
19.6N/mm?2 9 0.9
196N/mm? 7.9 0.79
1,960N/mm? 6.8 0.68

R—13 FTEMOAMERRRCHICRITTRE

35 %! NASTRAN o INREL
EWOHSREAER Lz, SRS
IeMmBERE Lz, =%
DI RANE 1 I DA E CfF
MLTNB, K—23 IZHHHREER
BT T,

4. 3 HEERPIRE

FEM IS/ YTRERIZ DV TR
5, M. ZHLAEDG ST
DFTRTE T DR LR
ERIIROTREDN %, B
IR D ERE OIS Z2R T,

BB E DB AT DN T
Barts, H—242268—2612
MEAFIGS o . B—27 225K
—29 | IS RIS oy DT 7

Y, h"

default_Fringe :

Max 2.82+01 @Nd 7974
Min -2.13+01 @Nd 5973
default_Deformation :
Max 9.96+00 @Nd 26300

FIAM M ERR | 5/ (Nfmm?) | J5AE (0/04)
FIAFIE L) 64.3 1
19.6N/mm? 50.2 0.78
196N/mm2 45.7 0.71
1,960N/mm?2 46.1 0.72
IMSC/PATRAN Version 9.0 18-Jul-00 11:41:51 N/mm?
Fringe: "RUNS0_JUMPOQ.5M’, Static Subcase: Stress Tensor, -At Z1 (XX) 2.82+01
Deform: "RUN90_JUMPO.5M’, Static Di T i

-4.80+00

-8.10+00

-1.14+01

-1.47+01

-1.80+01

-2.13+01

4. 3. 1 MEHEIETI D57

B —24 IZHRESMR, K25 12
EFROMRTL RIS 0 D5
BT

B—24 JEA5An (BeBTE, MESME. MRFFIE ox)

(315)
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IMSC/PATRAN Version 9.0 18-Jul-00 11:38:54 N/mm?
IFringe: "RUN90_JUMPO.5M’, Static Subcase: Stress Tensor, -At Z1 (XX) 2.82+01
Deform: "RUN90_JUMPO.5M", Static Sub: Disp T {

5.00+

1.79+00

-1.50+00

-4.80+00

-8.10+00

-1.14+01

-1.47+01

-1.80+01

z
Y -2.13+01
default_Fringe :
Max 2,82+01 @Nd 7974
X Min -2.13+01 @Nd 5973
default_Deformation :

Max 9.96+00 @Nd 26300

®—25 IS (BKEE, FiR. MEAAEIS ox )

MSC/PATRAN Version 9.0 18-Jul-00 11:47:02 N/mm?
Fringe: "RUNS0_JUMPO.5M', Static Subcase: Stress Tensor, -At Z1 (XX) 2.82+01
Deform: "RUNS0_JUMPO.5M', Static Sub Di T ional

-8.10+00

-1.14401

-1.47+01

-1.80+01

-2.13+01
default_Fringe :

Max 2.82+01 @Nd 7974
Min -2.13+01 @Nd 5973
default_Deformation :
Max 9.96+00 @Nd 26300

X—26 JhoAn (BkEATE. N RIS ox)



RPN BRI N2 B DT, B’
BRI Z O REHEE
PN EFERTHUNELND B,

4. 3. 3 APIERREm
i D153 4

SIZDBI I AEE AR DR
WERB LIS, Z 2T
HR R TR OIS AR O
TEZDOREER RS,

B —30 i3t R X=
1,250mm W) OfRARIG
Hox DRHERLIELDTH
B, FEBOWEZ L, A
FIft & ORI/ 2R LT
5, FeEERE Lmom
RIDSERES S (—FF8) . SMalas
IRV IS (+88) T, Mo
W & EAF IR L TN 5,
EATFIZHLD B 2R 1/4 D
NI EERKEIMER LTV 5,
FLlh BARTED 6 BIfEZIJEE
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DEFEE B L CEBENIIGH
DX HROMITHERG & 1R
STARRZRL TS, BRRD
PHRIRZ B C = DWE COBRRB|
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3, LD o2—F—E D
AETRAIDIHEFRIZR->TE
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RoTNB I ENHEEEINS,
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FERIT/PE Y,

X—31 XFE UL R FTEOIE
K I o ,ORFER LT
%, OffE Dl o , 2R L
TW3, ZHHLERKEDKE
THLOBIMED 1/4 AL T
ERESIPBELTNED, D
HANMED 6 BIDOME E TIiI5 5
D, EMEE/IFIAHRY IR LT
WB, TOHRITZIERY IS L /2
D RERIIE L feo TN,

R DIMRID 2 —F—E T
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W L EA T 5 1% B55 (PRI3E) Haw 13

IMSC/PATRAN Version 9.0 18-Jul-00 11:42:15 N/mm?
Fringe: 'RUN90_JUMPO.5M", Static Subcase: Stress Tensor, -At Z1 (YY) 2.64+01
Deform: "RUNSO_JUMPO.5M', Static Subcase: Displacements, Translational

-7.74+00
-1.15+01

-1.53+01

-1.91+01

-2.29+01

-2.67+01

-3.05+01

default_Fringe :

Max 2,64+01 @Nd 27258

Min -3.05+01 @Nd 30494
defauit_Deformation :

Max 9.96+00 @Nd 26300

K—27 ISh5A (BHEE. MESMR, MBS oy )

IMSC/PATRAN Version 8.0 18-Jul-00 11:39:39 N/mm?
Fringe: "TRUNSO_JUMPO.5M', Static Subcase: Stress Tensor, -At Z1 (YY) 2.64+01
iDeform: "TRUNS0_JUMPO.5M’, Static Subcase: Displacements, Translational

-3.94+00
-7.74+00
-1.156+01
-1.53+01
-1.91+01
-2.20+01
-2.67+01

¥ g :
-3.05+01
default_Fringe :
Max 2.64+01 @Nd 27258
X Min -3.05+01 @Nd 30494

default_Deformation :
Max 9.96+00 @Nd 26300

X—28 SAotn (BEEHIE. PR, ARELRE oy)

(317)
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30D IMSC/PATRAN Version 9.0 18-Jul-00 11:46:21 N/mm?
IFringe: "RUNSO_JUMPO.5M", Static Subcase: Stress Tensor, -At Z1 (YY) 2.64+01
Deform: "RUN90_JUMPO.5M', Static : Di T {

2.26+01

1.88+01

1.50+01

1.13+01

7.45+00

200

3.65+00

-1.46-01

" 20N/mm2
b (=)
oxDHH (X=1250mmbfl)

1] 100 200 300 09

-3.94+00

-7.74+00

-1.15+01
-1.53+01
~100]

-1.91+01

-2.29+01

200
-2.67+01

d B -3.05+01

d LF) {
H-30 pbmETEORERE | e
A 0 D57 (SEBE) e

K—29 EhsAn (BREfE. NERR. MBS oy)

IMSC/PATRAN Version 9.0 29-May-00 18:56:11 N/mm?*
Fringe: 'DROP_TEST(2.5M HEIGHTY', Static Subcase: Stress Tensor, -At Z1 (VONM) 5.02+01
Deform: 'DROP_TEST(2.5M HEIGHT)', Static Di Ti i

4.69+01

4.35+01

4.02+01

20N/mm2
<>

ocyDRH (x=1250mmfid)

100 200 300

3.69+01

3.35+01

3.02+01

2.68+01

2.35+01

2.02+01

&

t%9%

%
S

XX

1.68+01

%
0
520
RZK
2K
}"

1.35+01

B—31 AR AR E OARIE T 17
570y D5AE (BEEiE)

1.01+01

6.81+00

7‘“ DTI] \62)‘;‘ %@%ﬂﬁ[bga) 6 %IJ \ default_Fringe ik
OACEE CREBIRY | g/ NS L e S
WD IRL TV B, Z0H%ITEIRY Mo a0r Gd F300
571 & 720 ARERAIIER L TR o T '
B, PAROIMAID 2 —F—ERITEHE
157, FAROPRIONLE THRR513R ®—32 H47 (2.5m ETRR. FAL. Von-Mises i57)
Y 57 24N/mm2 B4 U TV 5,

ERREER D o —F— IR T
(318)



EPEENEL RV ERSS &
o T3, ERRTEIEEIERD
INVARS 2UN =12k 7 AQT=E 5] N
BOLTW3, Rt EERIIIER
W EWE o TN, RE
SR E FR TR AEELTERY,
R ETE S A CREICE S
LCWRNZ EB30h B, MRS
RS o & AEATARNT ] o y D5y
a5 &, MEITHBHIRL
=53 R LTS, A,
FERORIDALE TRAB IRV I

77 24N/mm2 3£ U T\ 3,
FRRESO 2 —F— TS

THEPNSBZ/ NS L 720 BfES
Lo T3, ERRTEIIBIE
D AT Y JE DBy E TEER
WA LT B, ERfR EERITFE
BINE VIR Lo TS, R
BEAMRE BR TS HELTE
Y. R BT E A STREIC
FHELTWRWZ L235505, #
EHRIGH o  EAMBS RIS oy
DR ELERD &, AT
B LT3,

4. 3. 4 H B & BERPHER
D)1 FRpTRS R

X —33,34 |2 2.5m¥% FRERDIGS 1R
WtER%E7TT,
K —33 2RIy, X—34 IZHRESMR
BODT %« I—BRIGHOSHER
T, AEIIERIESE TR R & &
REDHDT, 7+« I—FRE(HHH
o ITUTIRTRATEL BN B,

2 2 2
O = Jax — 00, +0, +31,

BAH/ K 50N/mm?2 2R LT3
25, ZiuIny MURT 4 7 OTERIZ
ALTWS (K—-345H),

K—32 LY ERRIZIZE AL DTS
P 1TN/mm2 LLFTH Y ISIHEITNE W,

BE—33 DRREISSIHARITERKED
EALTW3E 42X 20N/mm2 ~
30N/mm? BEDISINHTN B2, 4
LAMLA & 10N/ mm2 f2EIZET LT
)

RIATRBEIMRDOKEDER L T 5845 THmm

1 LAl e 7T

%1% $5%5 (PRI Kams 15

IMSC/PATRAN Version 9.0 29-May-00 18:57:36
Fringe: 'DROP_TEST(2.5M HEIGHT)', Static Subcase: Stress Tensor, -At Z1 (VONM)
Deform: 'DROP_TEST(2.5M HEIGHT)', Static : D T i

N/mm?*
5.02+01

4.69+01
435401 [0
4.02+01 [

3.69+01

b 2.35:01
2.02+01
1.68+01
1.35+01
1.01+01
6.81+00
3.47+00

1.31-01
default_Fringe :
Max 5.02+01 @Nd 28871
Min 1.31-01 @Nd 32890
default_Deformation :
Max 1.84+01 @Nd 26300

X—33

JSF153%6 (2.6m % TEREBR, MRESMR, Von-Mises /7))

IMSC/PATRAN Version 9.0 28-Apr-00 11:13:18
Fringe: 'DROP_TEST(2.5M HEIGHT)’, Static Subcase: Stress Tensor, -At Z1 (VONM)
Deform: 'DROP_TEST(2.5M HEIGHT)’, Static Subcase: Displacements, Translational

Nfmm?
5.02+01

460401
436401 8
20301 ||
3.70+01
3.37+01
3.04401
271401 [
2.38+01
2.05+01
172401
1.40+01
1.07+01
7.36+00

4.06+00

7.62-01
default_Fringe :

Max 5.02+01 @Nd 28871
Min 7.62-01 @Nd 30839
default_Deformation :
Max 1.27+01 @Nd 27640

X—34 J&HoAm (2.56m B TERRER, WERRR. Von-Mises it>77)

ERLTHNDH, WER»H LEENS & BRI

INEVY, BRESMRE A v F—r VD R BTN
L VEBR-RNVF—ZRINL, T v XEEMIUIEAE
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