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Abstract

Composite materials have been increasingly used in automotive and aircraft industries, naturally
leading to active researches on the materials. The carbon-epoxy composite is selected to study its
thermal characteristics. During multiple thermal cycles composed of repeated cooling and heating
variations of elastic constants are investigated to understand thermal effects on the carbon-epoxy
composite. In this investigation longitudinal resonance method and flexural resonance method was
used to characterize. The values of E, show small amount of increases depending on number of

cycles of the thermal fatigue processes whereas values of G ;3 do not indicate noticeable changes.

Also, in cases of E, and (G, their values decrease to a certain extend in initial stages after

applications of thermal fatigue processes. However, the number of cycles of the applied thermal
fatigue processes does not seem to affect their values.

1. M2

= AL 7|AA g A, BAA] 44, ¥R E 19

FxEe ARt 8%, Fd9, Ao, BPARs
Lol = Wl ANZ RFE 4 Atk 2 FoINE
BPARE AR A7 AT BHoZ Qsd 1
A= 3 A%HE a7 A ¥ 72
ABZ 9F ASHI Aok S8 HIele 2¥z
$F, o= 7S o9 BepAx I Age] 37
g3 gtk S8 FRAR HAA Azl U@ 3
@ A4 B4R odst 2471 Be Fos
S @ 4 gt 9EHoE SR A% 4

: [ YR 7 AF S e
.., BAREE 7 AF

FANEn 7] A F 83}

I FYE BAAAES) VAARR FAEHS Y B
Az A L= fiber Wake] W3lel HE A
(laminate geometry)®] W3}o] wtet ¥isj3icl 2
TAME AR ¥4 AFE 4¢3 Y& 9 A8ES
’_“L]-IL]S']—X] O3 ZUANBZ o APL A & 5

T SEITIEE o831 ukE F Alo)F A 3
]/\14 carbon-epoxy H#AFE] HEA, FEHASF
o] H3tE #F3t Bt}

2. 7|1 ol
Transversely Isotropic® A&9 A$ E,, E,
G, Gas, VS o] 5709 A4 gro] &A%t}
o] A€ FTAM GuL dFE APAA 129

a T =



Hell o3l F3o] gol3tA Forg B AFoA
v 239W(Fig. I9AH E, Gu#< 138%(Fig.
A E, Gp=Gpadsds FAUE o) &3td +
et FTXPeE Ase I, FT d4ASr
(Young’s and Shear Modulus)Z& ZA3}7] 93
= A8 8 FAFEAE(fr : Flexural Vibration
Resonant Frequency)®} HI&3d IAFIAS(f7

Torsional Vibration Resonant Frequency)® &3
o] Hgasirt. dwFHozr H FIAFFHF(fp

Flexural Vibration Resonamt Frequency)E& AM&
g AT EFS B &oldAl 78 5 AL H|
&9 TRAFIAF(fr: Vibration

Resonant Frequency) A% G#< T+ 71

Torsional

¥ FAFIATF (fr Flexural Vibrational
Resonance Frequency)$} Young’'s Modulus A}o]
AAE A¥HRYE 53 AT HEY IFRY
R Fag gioA e dojdE: ¢ F A
Zzte] APelA g Fage BF 1A E=
TR FH4E HY3LArt. 2 olfE Uit
12 Reef AL AF =mr|7 713 2R=R ]
A mze FHR5E Agee 3ol A ol
o zev 2 ZE FrrE Y= 23, 3
zk-e oo R =M F FuFE FA
ste) 12 m=9] A g9 vlwste Fgol %33}
th. Bel NEWAAL free-free vibration®] 7
12 Ee=oA Zoljzt LY Ao
A43te] HAsbE () 9 Zo] AT F

[_EI_
We= 20fp= (4.7230041) AL

222, HIEE STFAF(fr)

H =¥ &2 534 (Torsional Resonant
Frequency)st Z @A A4 (Shear Modulus)Alo] &
A= 4 @3 2.

W =2, 3| G’J{ @

}mjz;zrlrjg

o‘T‘°“
Atk

Afpe gL

G=—"+

HolA p WEOL ng AN JERSE

of tiste 1o]H, ¥ A5 Re=d gty 2,
3, o2 F/HEG. K& wde FPASFEA
K=%[—§~—3.36;(1——1—%)] o)},

3. 48 2
31 HE 98t MR

o
=

¥ (Driver), A8 AFE 487 Y%
3

Pick-up
32, 290 ARE AAN F7) 98 oz

vd, AAgele] FAL Fig. 13 2o &8s
7V FE 71X 712 Tweeter Type Speaker®
Ab&-39 31, Function Generator®2%  HP33120A
Synthesized Function/Sweep GeneratorZ A3}
9t} Pick-up ZAHzZE S ¥€47F 20~20000
Hz 99 Phonographic needleE AM&39x
HP35670A Dynamic Signal AnalyzerE A}£3ld

HP33120A
Function Generator
HP3SE70A
Dynamic Signal
Analyzer
1
Speaker : SR—530
Phonographic
N?azdleo P Lock—In Amp.
-s--Cotton Thread
/) Specimen 7
L 3 ' —

Fig. 1 General Block Diagram of
Instrumentation
NZTE 2Hs9d. NE9 S/N HlE F¥ol7] 93}
o] SR-530 &9 Z=Z7|(Lock-in amplifier) & AF&
stk Ap-f--Abfr(free ~free vibration)el 3<% A
B8 AXE HYPozE A F A2 7R
%= 9t sluE A8 9 nodal point o}# ol knife

edget} foam rubberZ = WHd ERZE A2
e dye] QEd o ddqME A= wde



WS ALY ARE Holl viE Fsede A
9] vjE<] nodal pointg& WAUEE 3toof gt

3-2. @ AfO[28 7hst7| 9t AEEA|

THERMO

CONTROLLER HEATER

SPECIMEN

Fig 2 General Block Diagram of Thermal
Fatigue Cyclings

Zt AHE A&(25T)A 225T7A 25TH
ol ztztel dA xdAe ridw gw givlF
(25C)oll A 9] M w837 $std Fig 29 2
< Hr 2EY AL o8& AY AAE FAE
Aok AlHe] YZAzle] 4B E AHE RE 7]
waol AEEHE FX A AW 7FE NS
oF 1/2 AlolE, YZ4EHE ATES o 124018
3l e AAdAR 1Kol EL 9RAA TBEZ}
A z=AHol 7hestA sldvh B A= @
cycle® 9%l @3] z AHEFG 1034 73], F
7089 71 E M-S dASET Jtd FAE *
05C9 2xF HHddA ALEH A

3-3. AEAIH

A A8® A& TetrahedronAle] Hot
Press& A}&3te S5F/min heating, 350F, 2hr,
5F/min Cooling, Pressure 85 psi A3zxzxdoez
HexcelAl 2] DMS 2224 Classl, Type T, Grade 2
¢l ©d ek Carbon-Epoxy prepreg® V=055
2 A& Y. Carbon Fibere Hercules Carbon
Fiber Type AS4E Al&£3l93 Epoxyt F584

Resing AH33t8t 43 Azd EFdAs @A E
BN g 2 ol eI B L
0" ) AU W3O )o2 HololZ = cutter
g Abgste] Zhzk 94 Hed F F3Y 3 F
g4 HEY FA FA5E S5 T BA4A
o & aAdAs e FeAoh Table 13
Table 2= A3 AH&E AEY 77 29EE
e Eolt

Table 1. Standard dimension of specimen

Peak | Length | Width | Thijck- | Density
No.

Temp. | (mm) (nm) _|ness(mm) | (g/cr)
0-1 50C 1427 | 1569 | 219 | 1.5092
0-2 75C 114318 | 1568 | 2.17 | 15190
0-3 | 100°C | 14202 | 1542 | 215 | 1.5398
0-4 | 125C | 141.17 | 157 2.21 | 1.5305
0-5 | 150°C | 14157 | 1662 | 2.17 | 15213
0-6 | 175°C | 14217 | 15.67 22 1.4996
0-7 ] 200C | 142.13 | 1567 | 2.17 | 15415
0-8 | 225 | 14242 | 1569 | 222 | 15320

Table 2. Standard dimension of specimen

No. Peak | Length | Width | Thick- | Density

Temp. | (mm) (mm) _ |ness(mn) | (g/cm)
90-1 | 50C | 12840 1592 | 216 | 1.5288
90-2 | 75C | 12853 | 1579 | 2.19 | 15075
90-3 | 100TC | 128.06 | 1555 | 2.11 | 15112
90-4 | 125°C | 128.82 | 1561 212 | 1.56247
90-5 | 1507C | 12842 | 1583 | 2.14 | 1.5279
90-6 | 175°C | 12836 | 15687 | 215 | 1.56412
90-7 | 2007C [ 12834 | 1581 2.13 | 1.5502
90-8 | 225C | 12786 | 1585 | 2.18 | 1.5279
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Fig. 3 Lamina Coordinate Of Material
Properties(E:, Gz)
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Table 3. Variation of moduli (E;,Gzs) ( unit : GPa )

0 rev 10 rev 20 rev 30 rev 40 rev 50 rev 60 rev 70 rev
No. ?ﬁh;r::f?;:;e E, |Gp|E |Gu|E, |GnlE |Gu|E |Gu|E1 |Gxu|E |Gxu|lE |Gy
0-1 50C 109.70 | 5.30 [ 109.70 | 529 | 109.70 | 5.28 | 109.70 | 5.28 | 109.70 | 5.29 109.70 | 5.28 | 109.70 | 5.28 {109.70 | 5.29
0-2 75°C 111.56 | 5.35 | 11156 | 523 | 111.58 | 522 | 111.59| 524 | 11156 | 5.23 | 111.59 | 5.24 | 111,55 | 5.24 | 11159 | 5.22
0-3 100 - [115.06(553 | 11506 5.35 | 115.07 | 5.33 [115.09 5.35 | 115.10 | 5.33 | 115.10] 5.33 [ 115.12 | 5.34 {115.14 5.33
0-4 125C 11491 [ 5.66 {114.93| 5.46 [114.93] 547 |115.00 | 552 | 115.07 | 552 | 115.12 | 553 | 115.14]| 5.55 | 115.17| 553
0-5 150°C 112,041 5.39 111256} 530 111260 5.26 | 11263 ] 526 111265 528 1112.65| 528 | 112.65 | 5.27 } 112.65 | 5.24
0-6 175C 10699 | 5.13 } 10762 4.98 [107.60 | 499 1107.62| 4.99 | 107.62) 499 |107.62 | 4.98 | 107.62 | 4.99 ] 107.62 | 5.00
0-7 200TC 11599561 | 116,18 | 543 | 116.71 | 544 | 116.76 | 553 | 116.74 [ 5.48 | 116.76| 548 | 116.79 | 5.45 | 116.79 | 5.45
0-8 225C 11401 | 563 | 11438 | 552 | 114.89 | 5.48 | 11489} 5.46 | 114.93 | 5.46 | 11493 | 551 |114.93 ] 5.49 | 114.98 | 5.49




Table 4. Variation of moduli (E,Gia) ( unit : GPa )

Peak temperaure 0 rev 10 rev 20 rev 30 rev 40 rev 50 rev 60 rev 70 rev
No. | ermal oe| B2 |G13| E2 |G| Ey |Gi3| Ey | Gi3|Ey (G| Ey |G| Ey |G| Ey | Gis
90-1 50C 865|493 |863]491 | 863|491 863|491 863|491 863|491 863|491 |863/|401
90-2 75T 8374721824 (4671828 |4.66|816 | 466|819 466|819 (466 |8.16! 466819 | 466
90-3 100°C 829 4811818475811 474|817 }4.76 | 8171474 8181476817 ] 476]812| 474
90-4 125C 8.87|497)839|487| 89 | 489|860 |4.90 (871491 [870|490(873|489|870| 487
90-5/ 150TC 850 |4.841843|4.82]839(4.82|836|4.80(8.37|4.79{8.29|4.79 (8.33 14.80 |8.34{4.79
90-6 175TC 8874988721492 |870|4.92 867 |49018731492|8741492 8761492872493
90-7 200°C 8931501881 (499872492 |872(492 871491871 (492|871|491 871|491
90-8 225C 8.62 [ 4.78 | 853 | 4.75| 851 (4.74 | 851 | 473 | 8.45 | 4.69 {8.43 14.69 |8.43 (4.70 | 843 | 469
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