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Comparison of Tensile Properties Between Ring
Specimen and Tensile Coupon Specimen Manufactured By
Filament Winding Process

Sung-Ho Yoon®, Chun-Gon Kim** and Won-Man Cho™

ABSTRACT

This research suggests an appropriate test mothod for the evaluation of tensile properties
of filament wound structures by comparing the results of ring test and tensile coupon test.
The research results showed that the tensile strength of each test method was influenced by
the specimen shape, the continuity of fibers, and stress concentration in the specimen. The
tensile strength of a ring specimen showed better agreement with the theoretical value obtained
from the rule of mixtures than that of a coupon specimen because the stress concentration in
a coupon specimen due to gripping action was more severe than that due to split disk edges
in a ring specimen. The tensile modulus was influenced by the curvature in the coupon specimen
and by the friction between the specimen and fixture surface in the ring specimen. With the
aid of suitable data processing, the measured modulus agreed well with the theoretical value
in the ring test. The ring test was better than the tensile coupon test for the quantitative
characterization of tensile properties of filament wound structures.
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Table 1. The characteristics of reinforcement and

resin for this study.

Carbon fiber(Toho HTA—-12K)

Filament diameter . 7. 0um

Density : 1. 77g/cm?

Tensile modulus . 215.7GPa
Tensile strength : 3658MPa
Ultimate strain © 1.7%

Resin(Ciba— Geigy AD6005/HY906/DY062)

Mixing ratio . 100/80/1 in parts by weight
Density © 1. 21g/cm®

Tensile modulus . 3.03GPa

Tensile strength . 64.8~84.5MPa
Flexural strength : 124. 1MPa

Ultimate strain . 2.0%

o2 A AT ohg o] A (MS443) & o] ¥ A7) 3k},
(3) &4 &l AD6005, 75t <l HY906, 7 3t&714)
DY0627} 100/80/18) F-A|- &g 2 vl ghEl o] & 4]
Fulgch, @) Fo] 160mm, F7A7F 1.52mm<l
ol HEE ZHARE 4FUESs g O
L2 ot} (6) efldde] $hBEY Fole

218 A A7) fal vl Ao IE w4
o] & Flo} xR A AEA|ZI). o)) A5}
L&/ 3R 7k 80T/2417, 120C/241%F, 180T/
82|17 el exAteEI WAEL 77 2C/Ew
—-4C/#-0lc}. (6) 4E7) skssw 9¥E o4
glo] 915-g oM Dyt o] 5 oA 74
D=de g}, 7) 7134 Hxdo] 2gg
EL thololE= F B Eo] 6.35mm7} HEE A

wrete] A" Fakel | AHe dedh
2

ot o (O

-

Ay

A& QAR e " Te) 24
A Az o8] AR E QBB TAH

Fig.2. The mandrels used for manufacturing of
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Fig.5. The photographs of fractured shapes for
ring and tensile coupon specimens.
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Fig. 7. The typical load-strain curves of ring
specimen.
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Table 3. The measured modulus of filament wound
ring specimen.

Experimental modulus Devia
GPa) tion( %)
Specimen Gage Loading | Unloading | Average, I[(Eg)p-
location paths, | paths, | (Ep, | (Ep.J/
®), | (B, &),
RE-1 1 143.5 | 140.5 | 142.0 0.6
2 153.9 | 134.1 | 144.0 2.0
RE—2 1 147.6 | 139.8 | 143.7 1.8
2 157.1 | 130.6 | 143.9 1.9
RE-3 1 151.1 144.0 | 147.6 4.5
2 151.4 129.6 | 140.5 0.5
_ 1 142,0 | 132.4 137.2 2.8
RE~4 2 146.3 128.8 137.6 2.5

% Fiber volume fraction . 65%

# Tensile modulus of carbon fiber and resin is 215.7GPa
and 3.03 GPa, respectively.

% Predicted modulus(E,), @ 141.2GPa
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Fig. 8. The typical load-strain curves of original

tensile coupon specimen.

Table 4. The measured modulus of original tensile
coupon specimen.

Experimental modulus(GPa) Deviation
Specimen C(;r;wr/:x Cogrzive AZES%e - :):é.()};g 1
(). (Ey B, |
AE-1 121.9 123.3 122.6 1.3
AE-2 120.0 127.1 123.6 0.5
AE-3 121.9 122.6 122.3 1.5
AE—4 123.0 128.9 126.0 1.4

# Fiber volume fraction : 57%

* Tensile modulus of carbon fiber and resin is 215, 7GPa
and 3.03 GPa, respectively,

# Predicted modulus(E,), . 124.2GPa
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Fig. 9. The typical load-strain curves of modified
tensile coupon specimen.
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Table 5. The measured modulus of modified tensile
coupon specimen.

Experimental modulus(GPa) Deviation
Specimen| Face—1 | Face—2 | Average IE ()U/ié 3]
W\
(E, (Epy, (Egy /E, |
AE-1 122.2 123.4 122.8 1.1
AE-2 121.0 123.5 122.3 1.5
AE-3 121.6 124,8 123.2 0.8
AE~4 124.3 - 124.3 0.0

* Fiber volume fraction . 57%

% Tensile modulus of carbon fiber and resin is 215. 7GPa
and 3.03 GPa, respectively.

* Predicted modulus(E,), : 124.2GPa
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