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Abstract — Although copolymer aramid is a fiber with excellent flexural performance, there is no test method to
evaluate flexural fatigue performance. Various studies are currently being conducted in korea to develop copolymer
aramid, and in order to develop the reliability of aramid fibers to a global level, it is necessary to develop a test method
to evaluate the flexural fatigue performance of aramid fibers. In this study, we developed an test equipment and test
method that can evaluate the flexural fatigue performance of copolymer aramid and analyzed the flexural fatigue
performance of aramid fiber. Flexing rollers are made of ceramic materials and rotating shapes to minimize friction. The
diameter of the roller was set to 10 mm by calculating the minimum allowable curvature. The B, life was calculated
through a flexural fatigue test, and the para-aramid was 125,770 cycles, the copolymer aramid was 598,150 cycles, and
the aramid nano fiber(ANF) coated copolymer aramid was 589,073 cycles. Through the S-N diagram, the fatigue life
relationship according to the load change was confirmed. copolymer aramid fibers exhibit better flexural fatigue
performance than para-aramid fibers at high loads. The ANF coated copolymer aramid also exhibits excellent flexural
fatigue performance.
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Fig. 1. Synthesis process of ANF.
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Fig. 2. Test equipment for flexural fatigue.
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Fig. 3. Schematic diagram of the flexural fatigue test.
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Fig. 4. Image of flexing roller.
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Table 1 Physical property of aramid fiber (Copolymer aramid and Para aramid)

Denier Density (g/cm?) Elongation (%) Diameter (mm)
Copolymer aramid 1000 1.39 39 0.139
Para aramid 1000 1.44 3.1 0.314
Extension Surface E :Elongation [%]
Neutral Surface A, : Length of the Arc on the Extension Surface [mm]
A : Length of the Arc on the Neutral Surface [mm]
Compression Surface A; : Length of the Arc on the Compression Surface [mm]
; 1_((D D.d :
| i ——Ax100=2”xzx{(7+d) (2 2)}}><1(]0= X100 < E E
| D i A 2m X 7 X (g— + dz-) i
Fig. 6. Radius of curvature.
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Table 2. Flexural fatigue test conditions

Temperature 20+2) C
Load 200 g
Roller material Ceramic (A1,053 99%)
Amplitude + 10 mm
Pulse Sine wave
Frequency 3Hz
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Fig. 7. Scanning electron microscopy of ANF coated aramid fiber surface (a) 0 min, (b) 10 min.
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Fig. 8. The retention ration of tensile strength.
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Fig. 9. Scanning electron microscopy of copolymer aramid fiber by
friction (a) 2,000 cycles, (b) 10,000 cycles, (c) breakage.
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Fig. 10. Scanning electron microscopy of copolymer aramid fiber
by flexural fatigue (a) 2,000 cycles, (b) 10,000 cycles, (c)
breakage.

Table 3. Roughness measurement of rollers

Stainless roller
0.718 um
5.857 um

Ceramic roller
R, 0.303 um
R, 3.207 um
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Fig. 11. Relative standard deviation of tensile strength after flexural
fatigue test (Copolymer aramid, roller diameter : 10 mm).

Table 4. By, life of the aramid fibers for flexural fatigue calculated
from breaking numbers

Para aramid Copolymer  ANF coated copolymer

aramid aramid

Number of 140,495 620,643 631,501
cycles 132,607 678,642 682,397
161,998 771,046 725,302

Bo 125,770 598,150 589,073
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Fig. 12. Probability plot of percent fat (a) Para aramid, (b) Copoly-
mer aramid, (c) ANF coated copolymer aramid.
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Table 5. The calculated results of the fatigue life at each test load

Load Number of cycles (N)

(ke) Para aramid C(;];;;)rlr)lfir(riler ANF coztrzcrln cigpolymer
0.2 145,033 690,110 679,733
0.4 125,880 549,126 504,780
0.6 91,552 431,340 415,360
0.8 70,546 323,924 306,072
1.0 54,172 197,664 185,911
12 30,624 132,336 121,587
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Fig. 13. Stress-life cycle(S-N) diagram (a) Para aramid, (b) Copoly-
mer aramid, (¢c) ANF coated copolymer aramid.
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