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Abstract

It is known that the composite material shafts using on small boats have various advantages
comparing to forged steel shafis, for examples, specific strength, fatigue strength, corrosion, etc. The
analysis of the stresses and strains in the composite material shafts made by filament winding method
is presented in this paper. The classical laminated plate theory is applied on the patch cut from the
composite material hollow shafis. It is verified that the composite material hollow shafts of diameter 40
mm is the most optimum when the ratio of the inner diameter to the outer is 0.4 and winding angle
is 45° . It is also proven that the shear strain does not change seriously between 30° and 60° of
winding angles. It is dangerous when the winding angle is over 75° because the values of shear
strain and stress produced on the shaft are too high so it must be avoided to wind the filament by the

angle over 757 .

1. ME

124
=4

BgARY $8S FF, $F RopolA
ohle}, ZAMYGANAE HE F
A Ade ols] e T @A o
o %3, $F =

(autoclave)Z o] 3t FF7|9 F A 3
}

n 8
Olﬂﬁr_{

—_—

—_

lo
Tt
i
k)

i)
o
o

32
H
g X
oX OH'I
)

ofk
o oo kI g 0 T |z 30 4o (2

43 FE ZF £ FYshe RT

o
ojp
)
2
J
ot
E
Jot,
_?{_',
fd
32,
o
:R r
[
ol
il

oo
N
ofrl

o @ po
ox
i
o
R
T,
X
o
S
2
I
>
offt
o

&
N
il
o

t AYAA, Y, St JALA TR
E-mail: yunheak@hanara.kmaritime.or.kr
TEL : (051)410-4355 FAX: (051)410-4355

* QFALRSL ot

o @GNS D ARG

2gazsstn Qo FYoHxE FFA e
g8z sl FF7) FRE EFARE A
FRE Qesty 9lon, ARk = FRPA
ut So] Aol gFolth. ey A
Roldl e ity Eofud A5 4y
g AFol BAH A &1, ¥ A
o] o}z ulzlg Aejo]o]A HEHolx FFEH
AT BE A A8 4¥riee gd94olgtn

Ye7b a9 7)&d Abgsta e @
A A3 anE td:, vE
9e AYa Qo™

< FA7 ¥ A%
Zrol F2 gho| T} ¢t
Ze Edd 2¥As 7EES
oo dEge A9 Id £x9
£ olFA7lE el A(carrige)]

2.
N



TE ZFEsY 4AT geFA =} Ao
7y 441E d% 472 A F@mandre))dll 7S
' AY7E o g3g s %E}Uﬂl:_ﬂ-ﬂ‘:’*é
AN A7) zolT} & F
3 74 FANE, AF 7Y £EE
A o] (tension control) 7]&olH,
Avhg 238 F9 A, 4

it Ho 2o
o o
-0,

2oLp ey
B
OB‘.: r

g N2

=
gElEgld WogEs FAE Afd &
AN 71 Al7le w52 9h9lt] Y (wet winding)
1 (dry winding)2.2 ¥ ojFc} &4
gt AR AR7 £A4 A
718 3 W A7 FHH w2 HFHo|
E dold, A{gAG L on] FA7 AR
of Fadol Fsrt 4% 1Yd AR d
gzg 1 2 (prepreg rovingyE AFo| e
ojtt.® B AFME AF Hass 9%
| Z(resin bath) B A, A|z& FPsz, AT
HE o] g3t EdAgE Hubg FEFLA L A
ol &8 oA oltt

A IolA detRESRIY 7Her 5
AEES 4987 € 378 FHAHES
(transmission shafty5-ol 70'L, AZE o] glov} A
e YA E 2¥A R Aol A
g dAld oA ?F—&iﬂ' HEAG o2 2
44, FAZE, FANE R FANA & v
gtejof o FA 9 Fxo] AA FIFE uAE=
N2 & nestejof .

B dye Ag Eig 59 A¥ried
grste %o A 2 32 HAE e A
o] o EAolt}

oo 1o W oo
rO
it ol
rlo
-L LA
ot 1S
oft

o

=

it

iin) ‘l) o [

2.2 B

2.1 28 HEME O|E(CLT:Classical Laminated
Plate Theory)

2.1.1 efole xS0 S8 M-

dAdE 9y AFL F2 Uge ] 9
o yigtel digt S573 PR T
£33 M(netting analysis)Fo] LztAE 9ol
FEARY SR F2 ALAG 9 2
U, B dFdA AFstaz = 2 UYL
T FER7 old 9%, 4F 2 v EYLYES

M ooft N r—{n

2 5 AAE 94¢ 9344 3¢ 47 309

3% 7= $3 AN AeHE
L BHAESIYTE ARE ANFOR A
F 2 458 A3
B B F QonE 43w Fx $¥ A4
E P
Q

}3

& %%J% E3age @8 2+ Ao
o= st W9 WHPEFo] KX
YERUA Hed, oled W, Wy
o2 F& & Qe ol8d nd A 25
o] &3ty HgAE A5 FAHYEE Fetn A
AE EFAR F9 Ao g A& s

%q_.(l(»w)

')lvmimmf,_,jg
i ot ox B
2 3 ol oft
o 2 oju 2w

rﬂ to b fo to

°]

i)

gy, 03, T12L 1, 2% el
F&HolH, ¢, &, 7pT TEHAAY WIFE
olt], Q= Fi AAEolm, Qi WHY F
A AR =elth A jjv WA BVIHLR oF
HolqE FoA EEL ASET HEBlA
& 7t Zobg A%zl dE=Em o HEA

of g SH-MYE BAN Fas F Fig |
A kA F9 ¥ WYPE AE I o
&3 2}
logle=[ Qslde;ls 0y
olg T W HNEFoEHN AW AA
o &8 ¥3dg BAE 7E 5 Uk

gl[ oili= gl[ Qsldesls 2

2.1.3 HEHolMol glul RHE

BgAs AFwAME Z4 Fotdk HF5 7o o
222 e gd deidE Adx 2 FE7t
2o, g3 3o ¥ gEn. AFe A
Aol 7HAA = 33 RUEE AZ2PY FA ut
2t ZkEvit g 3 U@JEE HABgo M
T F Atk o] W, AFHE FUEH JH=
7R, ASe 7HeiA s ¥ te 2
Nxx 2k
Ny ]: glfz“

N,,

o, |dz ®3)




310 Aed - 9AE -

- R
layer 1 L,

~ middle surface

A
tz L )

tr2 . P ke

—— - +

layer k

__ P t

layer N ) (_,;

Fig. 1 The shape of laminates

Fig. 2 Positive resultant forces

0'17]*1, Nijll:‘ &1%% ‘%}-?']QOI(N/m)‘% 7]'3“;(]
= Yolh.(Fig. 2)

714, BgAge] HFLTH( o) T 4
3 Ztf
0= LV# @
t: 23 AEgo) AA FA
2.14 SN E METo|AMe BN
7} Zulth A&7 UE AY, HFwd IH
Wy g BAAN 9% ZAAx 2 dA B4
EE F3d & A Zroh
0
N Ay Ap Ag Ero
Nyy = A12 A22 AZS €y
Ny A Ay Al 7,0
By By By k.
+| By Bxp By k, )
By Byx Bg kay
’0"17]}"], k,’j“_\:' H]E o —1‘5 ]E}‘ H—Z‘:’l',
i 21[ _éij]kf dz ©)

Fig. 3 Shape of shaft for small boat

B;= gl[ aij]kfkkz zdz

z 1

Q)

% #Y=2A ¥ Nt A3 7
grht wPET}
Qi FEAzAA
B BEAR AFVAAL RE
Z A3wol AAY WEY WY
aa%w 2REs} AHd A9l
9 xyHY WFAA B2
8 Ughit HEg 94%

>
tr

3
to
N =
>
<
ofh
g
2
23
ol
o

Ir = 2
rir

dm e
2,
10 =

N
£

oo O e oM %

o M ooz 4
rlr v
3
it
)
FE-.
ot

A1)
o

22 SENE & 474 # 39

AnHoz Mg FAx FIAFHAO
gebd 1 A7e ARtk T, 24
AoAE 1 FHd mEx] &3 dAsd= F
Hol-g—].o;], duk = AA9 =Y 3 g ow MASE
S’,\‘C}

A

Aol AzFspuA e F2
A}%o}*r de= FEHAFSUSL0) £
Zon dAsly] 98 A2 AHD)
50mm, ZAeol(L)x o 300mme] Folt}h. o A
& Fig. 39 Zoh

Al o] & wlojy $AE
2HEd % & LA ‘”—t—tb’l
ot upaby 9, AEH HE A
A EZd(torque)$t Hul RPM= 7]
A sz gk

F—EHHEL Fo| oA M FLE

8 A wd 2o dx T AR AteldlA
al“ Eiﬂh & & 9t} o wW o] Fo
Zol AdeHe e F2

e O T
EE?;%—’F

& »ﬂ

A
_°.

L
ATt
16 Tog
ﬂ'(Do)S(l - R4)

A71M, (1) AE-EHN/mm2)°) 2, Toq=

®

( Txy)M=



29 g S

EdolH, Dox %9 97, RDIDO)S: %9
A3 QA9 ulo|t}y, EAS] ojM A
g v 74 v gEA FgsRw 9l
w7t RE Fol Zota JMRsd, Fol
HAEY (1) S/AE7 2= Hadd

¥ 7, 201 & 5 A

(To)u= ©)
2] (5)‘ BEgdA 5] 44 HEZHolm, ¥y
g iy AHSdolgt W, &y Zo] 7

1 @J 9t

N,,

av

0[0 fr ol oo &

Ay Ap Ag
N Ap Ap Ay
Nw A Ay A

4 (10)& B 29
No=Apel+Ap e +Ap e,
Nyy:AIZ €x0+A22 8y0+A26 8xy0 (11)

ny:AI(S 6x0+A26 6y0+A66 nyo

A (% ol EET 5 Utk 71 i@a
Zgo] WA @ Axgolgtzm 71AsR I, &
golo] FAE 25 %O‘Q}UE 2 (11)9_ }\1 (6)
I A (D& olgde T Zo] a3 & 5
ATt
Nxx:t[ all 6x0+ 512 6y0+ 616 €xy0/1v]
Ny=tl Qy &'+ Qp &,"+ Qy e, /N]
nyzt[ 516 ExO/N+ 522 8yo/]v‘l' 526523;] (12)
A714, = BFAZHe FFAL NE A
S A5 Fojd. A 12)2 4 3)0l 2&A
4elshy

0= Qn &'+ Qp &)+ Qy € IN

0,= Qp e+ Qn &'+ Qux e, /N
Ty= Qu & /N+ Qg &, /N+ Qe (13)
olth. o471A, o= F Wk HEgHolm

JE B0l £AG wye] BFeow, 7k

%m%aom. BgAR e 4E% A%
Jen aEYWRS pomz 9 gk 1
ol Atn & # Aok WA, o, o,=0°]
@ @ 4 ok

HH9 dAE AsiXE AP ARt 2

& AAE 98

SHa A B AT 311

= P& Hd=E sty g3 dudoz Fo 9l
1A AFolt GFel = 00 2 s Ao
frelstn HEH dsidE 45° 2 st Aol
el stAT o8 7hA 27 EAHS udE 49
243121 oYy Z+& dAse Ao Faso!?
d & Ao RA Aadzd 2
FARAE & 4 gl A a3yl A & o,
0, 0,=0°12%, WIE ¢,eF WIE
enBTH Zol 2 gh& FAIE 4 U Fig 4=
A7 AR BE Zo AH$E S e
%lﬁ} A-58o] J73H([DID0)7E 04018td o
T 27 W7t e & 7 gk
o714, EAEe 9419 7tEst
B3y 2o Ausye WLy
F( Qe J3A WetA A
mEhA, A (13)01M WEEY o] #AANA
HH 9 AV 7bsdE & 4 Utk Table 19
AAZZAC &3 ALgo] eI

3

7%

2 mQ
(’ﬂ ox
ox |d
2

40— - =

< 120

% 100 ¢ ba.
=2 i |
-2 80 1307
2 - 40"
» 60 x 50
T® 40 L )
PP 20 ] s

0 01 02 03 04 05 06 07 08 0.9
Ratio of diameter(D1/D0)
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Table 1 Design condition for composite materials
shaft

Horse power(PS) 196
RPM 6,000

Tensile elastic of modulus
. 42,770 (MPa)
glass/epoxy composites(E1)

Tensile elastic of modulus
] 11,720 (MPa)
glass/xpoxy composites(E2)

Poisson's ratio( v 12) 0.27
Shear modulus(G12) 4,130 (MPa)
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