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Theoretical and Measurement Values

in Loop and Twisting Tests of Ceramic Fibers

By
Shinya CHUJO*, Aya YAMAMOTO**, Takeshi HASHISHIN** and Hiroshi INANAGA**

The correspondence between theoretical concept and the experimental fracture behaviors of ceramic fibers such as
Pitch based and PAN based carbon fibers, alumina and glass fibers were discussed using twisting test and the loop test.
In twisting test under the combined stress, the theoretical value of tensile strength was approximately consistent with the
measurement value of that in Pitch based carbon fibers. Thus correspondence was not confirmed in PAN based carbon
fibers by the effect of structural anisotropic. In the loop test, the fracture surfaces of alumina, carbon and glass fibers in-
dicated a typical pattern containing a line shape, which appeared on the compression side of alumina fibers and on the
tension side of carbon and glass fibers. These fracture morphologies are interpreted as being locations of crack initiation

(tension side in alumina and compression side in carbon) by bend-breaking. The loop test proved to be a useful and sim-

ple method to identify the fracture process.
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Fig. | Schematic illustration of test apparatus of
combined stress.
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Fig. 2 Schematic illustrations of (2) loop-like fiber
and (b) the loop test.
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Fig. 3 Schematic illustration of a twisted fiber
and the surface.
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Fig. 5 SEM photographs of side surface of
(2) Pitch-based carbon fiber and
(b) PAN-based carbon fiber.

Fig. 6 1d Pitch &35 & U PAN & R4k O X AR 147
M%7~ T, Pitch Al ZMAEIL (002) B3 — 27 2%
TU—=FTHHI NS, FREIHEVHEET AL,
PAN R EMME I AR ) v — TR EE -7 R
LTwWAI kLMD, Pich RxFEMMEHRT, i
DREEALLTWA I L bh b,

002

(b)

Intensity [a. u.]

(a)

L L L " 1 I n | s
20 310 40 50 60 70 80
2 6 (CuK « )/deg.

Fig. 6 X-ray diffraction patterns of carbon fiber.
(a) Pitch-based carbon fiber and
(b) PAN-based carbon fiber.
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Fig. 7 (a) SEM photograph of PAN-based carbon
fiber and (b) schematic illustration of
bunchy micro fibers.
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Fig. 8 Anisotropic of PAN-based carbon fiber.
(a) TEM photograph and electron diffraction
pattern of sample polished by Arion,
(b) schematic illustration of a micro fiber.
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Fig. 9 Effect of tensile strength on twist-turn
number (2) Pitch-based carbon fiber,
{b) PAN-based carbon fiber.
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Maximum fracture angles of eash twist turns.

{a) Pitch-based carbon fiber fractured in 0, 20,
50 turns are shown as (&), (a1) and (a.),

(b) respective PAN-based carbon fiber fractured
in 0, 50, 90 turns is indicated as (by), (b)) and
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Fig. 12 SEM photographs of fracture surface of

(a) alumina fiber and (b) pitch-based
carbon fiber.
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Fig. 13 SEM photographs of fracture surface of alumina
fiber.
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Fig. 14 SEM photographs of fracture surface of pitch-
based carbon fiber.
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Fig. 15 SEM photographs of fracture surface of PAN-
based carbon fiber.
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Fig. 16 SEM photographs of fracture surface of solid
glass fiber.
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Fig. 17 SEM photographs of fracture surface of (2) hol-
low glass fiber (b) the enlarge photographs of (a),
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Fig. 18  Comparison of the maximum strain by the vari-
ous examinations of alumina fibers.
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Fig. 19 Comparison of the maximum strain by the vari-
ous examinations of pitch-based carbon fibers.
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Fig. 20 Comparison of the maximum strain by the vari-
ous examinations of PAN-based carbon fibers.
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Fig. 21 Comparison of the maximum strainby the loop
test of glass fibers and carbon fibers.
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