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Abstract

In this study, tensile strength and modulus were evaluated for a filament wound ring specimen
by split disk test and compared with the theoretical values obtained by the rule of mixtures. The
circumferentially wound ring specimens were prepared from 4 types of material systems. The
results showed that the measured strengths of the composite systems were considerably lower
than the theoretical values due to the local bending stresses around the split disk edges. For the
measurement of elastic moduli of the filament wound ring specimens, the effect of friction on the
strain of the ring must be taken into account. But the effect of friction between the split disk
fixture and the ring specimen can be eliminated by averaging the moduli for loading and
unloading state with maintaining the same crosshead rates. The measured elastic moduli of ring
specimens showed very good agreement with the theoretical values.
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(b) Modified test fixture

Fig. 2 The configuration of test fixtures

(a) Original test fixture
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(a) Filament winding machine

(b) The mandrel

Fig. 3 The overview of filament winding machine
and mandrel

Table 1 The properties of various fibers used for this study

. Filament . Tensile modulus Tensile strength .
Fiber Manufacturer | diameter Den51t3y (GPa) (MPa) Elonfatlon
type {g/cm?) - - (%)

(pm) Supplied | Measured | Supplied | Measured
T300 Toho 7.0 1.77 235 216 3920 3658 1.7
T800 Toray 5.0 1.81 294 271 5590 4843 1.9
T1000 Toray 5.0 1.82 294 262 7060 5584 2.4

S2 Owens-Corning 9.1 2.46 87 93 4585 3744 5.4
Glass fiberglas
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(a) T300 carbon fiber

K13,686  1rw WD39Y

(d) S2 glass carbon fiber

Fig. 4 The microstructures of various fibers
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Table 2 The characteristics of resin used for this
study .

Mixed ratio(parts by weight) 100/80/1

700~850 at 25°C

Viscosity(cps) 200~300 at 40°C

Pot life(40°C, hr) 20~22 at 40T

Density(g/cm?®) 1.21
Tensile modulus(GPa) 3.3
Tensile strength(MPa) 83

Flexural strength(MPa) 127
Ultimate strain(%) 6.4
Poisson’s ratio 0.35
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(b) Test fixture with ring specimen

Fig. 5 The overview of test set-up and test fixture
with filament wound ring specimen
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Table 3 The measured strength of various filament wound ring specimens
Fib , Ring tensile
Number of ! fir ;(i)ol;me strength(MPa) Deviation(%)
. a
specimens %) Predicted Measured | [Se—Sul/Ss |
S Sn
T300/AD6005 5 58 2157 1845 145
T800/AD6005 6 55 2701 2250 16.7
T1000/ AD6005 7 56 3164 2746 13.2
S2 Glass/AD6005 5 53 2023 1585 21.7
2746 MPa, 2]z S2 Glass/AD60052] 7-¢ 1585  T300/AD60059] 7% 58%, T800/AD6005<] 7%
MPao|t}, Qubdeoz A7zt YAH 4F  55%, TI1000/AD60052 7 56%, S Glass/
Fogggel d3e Bod JEEsgigel 5 AD605e ¢ 53%clch, Fig 6ol Fatdnln
A3} FLAS FriE QRABETeE A § ol&3td AHAFY FRAHNE DA WA
$T9 FEAASAL vimilr] €, B A7 AFel e ek 7oA By ZFadREL
AE AP QAAEES Aekd oz wlmidt vlwE FUIA LEso] glon, Kooz FIF
7] 98 AP We g PAHe HFEAds T DHHAAZ AAwe =HAule SZ Glass/
$2 2HR3lgon oju] =45 A{Hysge  AD6005, T800/AD6005, T1000/AD6005, T300/

10u
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(c) T1000/AD6005(x 800) (d) S2/AD6005(x800)
Fig. 6 The microphotographs of various filament wound ring specimens
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Fig. 7 The typical fracture specimens for tensile
strength measurement

AD6005 o2 7A 4Gl gE o] &3 AFY
A8 Aast vlmE 2 dxdch wepd E
iAol oe oS8 QAR =E T300/AD60052)
719 2157 MPa, T800/AD60052] 7-% 2701 MPa,
T1000/AD6005¢] 739 3164 MPa, S2 Glass/
AD60059] 748 2023 MPag ], 3A]H-g o]&s}
o #riEl AAAEEL A5 fol wet FetA]A

slsfe} 13~21% A ehds Fig
2b)8l ANR AFE Agsel F4E T80/
ADB00S A9} A% EFUHe| A ol E7xel
wlskel 16% W& @& 2eh (Table 3) ool v
o} RLEY (129
ASTM22902] A (Fig. 2(a))&
QAAZES o ER ko] 2% % HE
o webd Fig 2b)e] A7FY4 AL 5t
A Bl FHol % $HYF ERE
45088 ¢ 4 gk

Fig. 7ol& 784%o] @ 2959 394
1

Aul
v
30
*
o,
>
3
Lo
lo
)
wE,
2

ol Fehepade]l v

HEe 2AE o4 FRAAY Ao d2mg©®
A Hol =2 dFol o) APATF =AY F
fle] A gl FHAQ THEPAo] LA o
£ A ke LAzl ootk & AT

1485

927 2 Aste

\ 2 Holo} QFU
AAE e HEsge] ol2A
) ) g,

ol

5.1 Algiuky

PAme QARAe Hristrl AsAE AE5H
2419 FFAAAY dF-HYE A=rt L83
o] & g8 A gjuiel] FaH sEHAA A
2 %28 HA¥EL ZAsigch Fig 8ol& 240
o} 9juio] Rty xEdalAolxe Xt £E
QlAelA o] & YA gabe] vept A
ot Agg zxdalAelRlE

2, ok oft ajn o
RO
S .
fo
A
o,
o,

ot o oft op ot |n
4
offt
_?L
)
_?L
ol
§L3
ofo
>
A
ol
of

r‘&

o

&Hi -
Fig. 8 The gage locations of filament wound ring
specimen



1486
/E\ 1.0 r—
z
g I -QQ S @0/
o > & 7 CR
8 o5k /A ° %
2 NS & >, %
& & AN,
a I ~ O)”)
1 A 1
0'00 30 60 90 120
Time (sec)

Fig. 9 Triangle waveform of hydraulic actuator con-
trol for loading and unloading conditions
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Fig. 10 Load-strain curves for T300/AD6005 at vari-
ous gage locations from experiments
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Table 4 The measured modulus of filament wound ring specimen of T300/AD6005 at several gage
locations through experiments

Gage Tensile modulus(GPa) Deviation(%)
location Loading path Unloading path Average | {Eg)o— (Eghruel/(Eg)s |
(Eeh (Eg)u Egrrue

1 229.0 239.2 234.1 -
2 126.5 1235 125.0 1.3
3 130.3 126.2 128.2 1.2
4 132.7 122.3 127.5 0.6
5 1375 121.0 129.3 2.1
6 1435 122.0 132.8 48
7 149.9 122.0 136.0 7.3
8 1471 114.7 130.9 33

* Predicted modulus(E,), : 126.7 GPa
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Table 5 The measured modulus of filament wound ring specimen of S2 Glass/AD6005 at several gage
locations through experiments

Gage Tensile modulus(GPa) Deviation(%)
location Loading path Unloading path Average | (Egp—(Eoirue]/(Eds |
(Eq (Eg Egrve

1 92.6 97.6 95.1 -
2 47.9 46.1 47.0 7.5
3 50.8 47.6 49.2 31
4 45.6 42.0 43.8 13.8
5 59.8 49.2 54.5 72
6 54.7 454 50.1 14
7 53.7 425 48.1 5.3
8 52.5 40.6 46.6 8.3

% Predicted modulus(Ey), : 50.8 GPa
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