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Long-Term Performance Prediction of Carbon Fiber Reinforced
Composites Using Dynamic Mechanical Analyzer

Jae Ho Cha*, Sung Ho Yoon*'

ABSTRACT: This study focused on the prediction of the long-term performance of carbon fiber/epoxy composites
using Dynamic Mechanical Analysis (DMA) and Time-Temperature Superposition (T'TS). Single-frequency test, multi-
frequency test, and creep TTS test were performed. A sinusoidal load of 20 um amplitude was applied while
increasing the temperature from -30°C to 240°C at 2°C/min for the single-frequency test and the multi-frequency test.
The frequencies applied to the multi-frequency test were 0.316, 1, 3.16, 10 and 31.6 Hz. In the creep TTS test, a stress
of 15 MPa was applied for 10 minutes at every 10°C from -30°C to 230°C. The glass transition temperature was
determined by single-frequency test. The activation energy and the storage modulus curve for each temperature were
obtained from glass transition temperature for each frequency by the multi-frequency test. The master curve for the
reference temperature was obtained by applying the shift factor using the Arrhenius equation. Also, TTS test was used
to obtain the creep compliance curves for each temperature and the master curve for the reference temperature by
applying the shift factors using the manual shift technique. The master curve obtained through this process can be
applied to predict the long-term performance of carbon fiber/epoxy composites for a given environmental condition.
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Fig. 1. Configuration of single cantilever fixture with specimen



80 Jae Ho Cha, Sung Ho Yoon

7HA] 2°C/minZE AFg A7 H A 212 20 pme] ARl (sine) 3t}
B 9| 3}5-& 7tatoleh. Ee B3] A7) e dl5e
7] $13ll DMAE 0|83t ths e AldE 4=83}3ict. o]
o Ae4= 5 1M 2 AAY AE 6] $19l 0.316,
1, 3.16, 10, 31.6 Hz= AL31 o 2l the] Zuls A
A1} FL5HA -30°Cef 4] 240°C71A] 2°C/min= A5 Al
th Al AIZRE ©EA1717] Y8l fEj Aol 7 Rt
o A= 2.5~5°C 714, fre] M o] & ol A Dozl 7tof| A
£ 10°C 402 ArE #3399t

2.3 32|= T1S Al

AR §2S 7hshe 2ol A8t W ao] Ao
WA e AEe] A S-S Tk AR ol A
7vo] Zuped Also] FaHel Wgo] A/l A |

Aol gt B o] A7) 5 diSe] 2a% A=
HE oA LS 7] )5 DMAS o §5he] 22| TTS
18-& =3Pttt ol 2%== -30°Cof|A] 230°C7}%] 2°C/
ming A5 Al 7| HA o) 10°Ca}c} 1082 £t 15 MPao] &

S~

Fig 20 9 Q54 ABS Fo 9o AFEAAS
A, £AEAAS A%, tan § =7k ek Qe §-2)
Aol L=t ARV AL HEe] A2p, EdsAAS A
w9 17, tan § A=) HugolH AYH o} 5 A
A AS Aol 2AE feldolLEt BaHel g
AZ3) ol SATAAS A0t tan § Ao 4] 2
feldolemt Aol WEte] 47 T 4+ Ut
ol lek. frel Aol EE ARBAAS HEL] A2HH
oA T 109.0°C, A AS Ame] Aol A T
3l 121.5°C, tan 8 AL Q] 23 - ol|A] 51 126.7°C2A]
ofF AHE UhF AES AFol 4F L5 171 4%
shet] A gstgict

oX it o

70000 8000 7 0.30

4 7000

60000 4 025

ARl 4 6000
50000 il

- 5000

40000 - 1015

\4‘\7:, Loss modulus (E") | 4000

tan § (E"/E")

30000 [ | Storage modulus (E') 4 0.10

- 3000

Storage modulus (MPa)
Loss modulus (MPa)

20000 | /! 200 1 005

10000 f = - 1000 1 000

-50 0 0 100 150 200 250
Temperature (C)

Fig. 2. Thermal analysis data obtained from single-frequency
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Fig. 3. Thermal analysis data obtained from multi-frequency test
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Table 1. Comparison of glass transition temperatures obtained
from storage modulus curve, loss modulus curve and
tan 6 curve by varying oscillation frequency

T, (°C)
Frequency Storage
(Hz) modulus onset Loss modulus tan § peak
point peak
0.316 113.89 127.50 132.50
1 117.38 129.99 135.00
3.16 121.20 132.50 137.50
10 123.40 135.00 140.00
31.6 125.70 137.50 142.51

Table 2. Glass transition temperature, peak point intensity, and
bandwidth obtained from tan § curve by varying oscilla-
tion frequency

Hz T, Peak intensity Bandwidth
0.316 132.5 0.251 20.50
1 135.0 0.262 20.50
3.16 137.5 0.273 20.70
10 140.0 0.285 21.32
31.6 142.5 0.296 22.59
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