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Thermomechanical Coupling Effects for Metal Matrix Composites
Subject to Cyclic Loading Environments

Eui-Sup Shin* and Seung Jo Kim*

ABSTRACT

In this paper, a set of thermoviscoplastic analyses is performed to throw a light on the
thermomechanical coupling effects in a metal matrix composite. The orthotropic thermo-ela-
sto-viscoplastic behaviors are modeled by the matrix-partitioned unmixing-mixing scheme which
is based upon some micromechanical foundations with the appropriate viscoplastic flow rule for
matrix materials, such as the Bodner-Partom theory. Considering the thermodynamic constraints
and physical observations, the coupled energy balance equations are recast for a class of or-
thotropic thermoviscoplastic materials. As a numerical study, the temperature changes of off-axis
composite specimens are predicted under uniaxial cyclic loadings and on adiabatic thermal co-
nditions. The results indicate that heating effects due to the viscoplastic dissipation energy may
be significant depending on the types of cyclic loadings, the off-axis angles, and the applied
strain levels.
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Table 1. Thermomechanical properties of fiber and matrix
Fiber (SCS~6) Matrix (Ti-15-3)

23T 815¢C

Elastic Modulus E © GPa 394.0 97.812 51.781

v 0.25 0.32 0.32

Coefficient of Thermal Expansion o 11079k 4.86 8.73 16.0
Mass Density p kg/m® 3,099 4,428.43 4,428.43

Specific Heat ¢ ¢ Jkg-K 835.63 514.97 889.45

D, : 10" /sec 1.0 1.0

7, : MPa 965 553

Viscoplastic Constant Zy * MPa 1,172 1,172

my: 10%/Pa 0. 2466 0.2466

n 7.0 2.5

{Note) Other viscoplastic constants ; Z,=Z,, A= ;=0

Table 2. Numerical factors used in the unmixing-mixing equations.

Fiber (SCS~6) Matrix(Ti~15-3)
23C 815T 23¢C 815C
i Vem 0.3 0.3
Volume Fraction Vg 0.6 0.6 Ve 0.1 0.1

Dty 1.1828 | 1.2057 Dy .73580 | .70145
. P22 . 69580 . 66145
Stress Variation Factor Ppe | 1.1216 | 1.1501 Dz | 1.0176 | 97485
Pmi2 . 21760 . 17485
QU £z . 96944 . 98665 Umis2 . 87583 . 84814
. L U2 1.2758 1.2481
Strain Contribution Factor sz 1.0402 1.0732 Uiz .83970 79020
Amzpiz 1.2397 | 1.1902
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Specimen Stacking I:;rgggé egf I\(I)lflr?:sir
mark type optical fiber | specimens
TUO Unidirectional 0 9
TU1 Unidirectional 1 10
TU3 Unidirectional 3 10
TCO Cross-ply 0 9
TC1 Cross-ply 1 10
TC3 Cross-ply 3 10

1) T:tension specimen, C:cross-ply, U: unidirectional.
2) Number in the specimen mark means the number
of optical fiber embedded.
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Fig. 3. Schematic diagram showing specimen con-
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Fig.6. Cross-sectional view around the embedded
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Table 2. The material constants used in finite ele-
ment method,

Young’s . Shear
Material Modulus | Foisson’s | nodulus
(GPa) Ratio (GPa)

E1=38.6 | n12=0.26 | G12=4.14
GFRP E2=8.27 | n13=0.26 | G13=4,14
E3=8.27 1 n23=0.52 | G23=3.10
Optical Fiber] E=71.0 n=0,14

Resin E=3.44 n=0.34
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AlHo] oj2ldt dakg Byt ¥ £ 42 BF Table 4. The results of uniaxial tension test-
27]el) A A RSN A B e, T LA strength(mean value).
> 5 5 5 5 Tensile Standard Strength
&7lel AR Alde) W AR AR A Specimen strength deviation change
QAL g eshel Stk A= P G2 (MP2) | (MPa) (%
H2Z oz AzE o BaldlAle] o 2] 0kQ TUO 1028. 48 47.93 -
EESE dz}é‘_ ?“ A _1 4011,}. 1 w3t TUL 1054. 14 35.69 2.495
0] ol btz vk EF, dUEHZFA TU3 1034.21 48.39 0.557
He AmAFAE Aok AR =s FoBR, ¢ TCO 318.75 14.12 -
B Ade] Wiel W4 Qoo | slerz |z | 0304
a3, 7 AlBEe] ds) 9~10709) A|H g A - ; ;

Halgernz, 2+ AFAANEL HAFQ A4 E (no- Table 5. The results of uniaxial tension test-
rmal error distribution) & Z+ethi 7hAE 24 9f Poisson’s ratio(mean value),
o 2ed, d71A e A A (uncer- | ey | Poisson’s | Standard e
tainty) © 2 A% Z4gke] LAE H2:34517] 93 deviation | (%)
Zex¥ule] 71£[15](Chauvenet’s criterion)-& 24 $82 g ggg g 8(1)2 1—8 ;
&tgdth. o] 712l &sl TCO, TUL, TUO A) ol 4] TU3 0.279 0.013 4.10
Zr 108 9] Aol AL AatelA A=, TCO 0.118 0.006 -
TCO, TCl, TUO A4 2+ 17442 A]se TC1 0.122 0.005 3.39

] 1M 2 18 Aol TC3 0.129 0.013 9.32
Zeolfule] Aol A A=Egies, TU0 AAF
ol A 170] AlsHo] 7o) Aatell A A=), AFEA & Ge wHH] g fvEc).

o2} zho] Aik=l Zt AlHLel 3l A, =,
Zojgnle] Bk 9 EEAXE Table 3, 4, 51 4-2. 7] X|F D™= (Matrix Crack Density)
717y Jepide), mat, BAGE 9A o4 A9
o] #ate] W= o] vleliglct, Table 3, Fig. 115 A3 ZA|#e] g gz 78 4
4, 59141 R npel o], AR BAR-e] ol HE o 7IXgdUE AR g 24 TC3 A
FAR] A, AEE W 4% A= HAAE o] AAg g ook, HYES F7 ]'7“’1]
Holxm, Zopule 9] 102 Az #HAE X el JiRgdalele] 4L i3] e
drch. zelx, dWSARHFAUIY A 2HZFA] ofvz} ubekalZo] T A Z ol A Eﬁr%Vf}UG]
#Aol AFE wjws] B o FHFd AHHZ9 upeta], 7| A gdde] A E FAE F5he]
75 o] 7—'}55 JAEA ] £ 43E v 21(1) 3} 7ko] Aqtr] 247944 = (normalized matrix
AA otk olzdt Ak AFIEl FAHe] B crack density)EHe kS AR A sle] Al-gs}
87}k g e BARFAA L] Al B¢ Ak

o

Table 3. The results of uniaxial tension test- ——nu::%:'c Xbp e oY)
stiffness(mean value).
) Tensile Standard Strength 3714, D, & AFATLLE, N,+t 54
Specimen | sfiffpess | deviation | change FAN AAATLe %, Le F3T2e) 2ol (40
TUO 45.97 0.65 - mm), fre AWFFERS] FA(mm)elvh At
TU1 46.61 0.54 1.39 ZIATEdEs FUEg FA3FA0Ee] Zold
N IR R FIAGE Solse] FYUES) Tl A L
TC1 25,40 0.88 2.25 ol 1= isiA "rh
TC3 25.76 1.03 3.70 HY 5 AT/ ANFLLE Alo)e] WA= Fig
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