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E : Modulus of clasticily

g o oStress

avield - Yield stress

Feqv - von Mises cquivalent stress

" . Plastic strain

&
v o Poisson’s ratio

vi © Fiber volume fraction
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2.3 von Mises #H7} 7|5

von-Mises ¥ >  EASRE von-Mises?l  olifm W Aol
von-Mises 3ol o &8 #pAlshis slelu
von-Misesis A9 # o) ubA wAd gHEo] e ubA

von-Mises Stress® $71-&# e} &,
Mo &) 7} ol 3 Al ghell mwkshn glio] elofuk Aol vz

oA Azsk 40 olvl c1vin), o) B b A aetthydrostatio) el -

voa o] sk g @ Alitel] o] gk walou] ¥ i ghhel iz v|ofEhA] it
afepa] c1o9)e] gE Al o) rinl 31 &S H (deviatoric stress)A el €

3 W o A ute] Xt #lwe] oflvhir von Misese] S (von

[~ I T
Mises vield criterion) < thr¥ £
olzFal g Al ol MG S 5o HvESH A Ao dekabE S H g 7
¢b b A (D o] vhepdo] Xk,
(Gl_Gz)g‘k((fz‘0‘3)2‘*‘(53*0'1)2:2 Uyg (1)

iz 6ol S e s vEhA vt o)

(Oxx - 6\1\‘)2 + (G\;_\‘ - Gaz)z + ( Ozz: O-xx)z =+ 6( fx,\'z + z-\‘r:z —+ rzxz)

: ) (2)
=2 O'yf:6 Ty
oy=0¢) gl Feoiz thga} Fol e
O<1A*O-10‘2+ 022: O‘y;J (3)

gEzae gashl wye) aAs gelshs wleinl, oyl sy

f(]blz,lg) = K(/?) (4)
7ML, L, Lz b2 Al Az, A3el S Ewgela vhaa) &
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o} 71 1'24 = GU- O-u"
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. o — 3 . . 142
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Table 191 SiC 4% Ti VI

4Ae) AAH A G

3 A wdl

1=

G ] A Pl AFg s
B ghiHTi-15-3) S ws ARgs)

vhepu v,

Table 1 Mechanical properties of SiC/Ti-15-3 MM

] o - B [ .
Elastic modulus, paisson’ s h 101(] Sm?SSv
E((:Pa) ratiol v ) g (MPa)
SiCfiber 364 0.23
T1- 15 3imatrix 88 0.32 716
SIC AH Ty raasA AgetdHES d slog FHEE
olol, Ti 7] A A= bilinear $2-¥38& Hx5 7hale g4y Wy
128 sty Aow hg3tdoh aAAdgol 2ofslol dojAw whiAy
A% AT RAAL EAon Fojdr)
= 88000 &, (MPa) thAd 9 (10
o, = 675+5000 €, (MPa) A4 (11
o] 7} M ¢ 12 ZL}_B‘L%%O]F—, 0.8 o A0 AR 2 248 Y
o|tl, wrtbAl 4 A QL 7I6MPas 7R+ bilinear A& ShH,

ey

o]

Fig. 1 /)= 2

el ) A WA
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Fig. 1 Schematic of the stress—strain curves of the Ti=15-3

matrix and lhe composite materials.
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3.2 A A Ay (Volume fraction)

A A R e ekl gAY sk e Aol A A
rovfEh vk BghAlsie] A Ve daewte] AHEs AHs v
) F kel Al A Ehis A AL V., sl Ak Al e vielar sl

Vo= Vib Vot Vv, (12)

o el vk olwkAH o N v al gl 19 vfnbe] o YA sFaL ofv
& Vo e

vit vt vy o ovit vp=1 {13}

o, eV vzl A H 7R sl

vi= N (1)
Vi _
Vo == ’""\}( (19)

olth. A (1208 @39 2 (Rule of Mixture: ROM)el e}t S-gjo] 2}
vi AFAAHEE relky] fleke] alAlede el MA wAEE 05 1, 15
WO17Bmm)Z AEte] 5-60%2 e PALRE shdvt Fig. 2o @14

el el A A s 7] 9ieh AFNbE R, x5 "ZolUx)

f

a-[\

% 20y E hehgel, AMel el g xEE FoR ARl

FAlskis o] A A E ek
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Fig. 2 The schematic of model for various fiber volume fraction.
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Fig. 3 aisloide] febasrwsd Aol ot vpepidh freha s

sl A 2xbel WM S G vEo R X

b B

v E 2l (isoparametric) 84 24 Ab&sigcl, SiCAs AT v
Wl 2 g MMCAl = vhdel id 44 208 Srgjste] vl Ao 1/4
& EghEb ool S sfA) giake i sle] vE& ke R el WE SHE
& 8 skl

SICHRe Ti-15 13 714 ke ah oA s ARAlA . vl

o disiel 7p7 vhgol g,

A0

Table 2 The number of element and node according (o fiber volume

fraction

I'iber volume .
. . LElement Node

fractio, vi{%6)
5 1,015 3.170
20 1,295 4,010
40 1572 4,341
60 1,704 2,237

fRasdNe AEan ANSYSE Agde] Hit My

W, A4 E wagAES s Aon 1Fa
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Fig. 3 An example of finite element model under transverse loading.

16 -



332 AR
CEARImEe ek AR Abelel AL wlg e AAFS
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.4 Definition of multi thin interface layer modeling.

Fig

Fig. 4% AAZe AnSAdxes gadds vaks 4 U9)AF ¥
dj Ao st o ¢},

(15)

E,=CE,_(n=2,3,4) EE\E,

o714 Ce uldlggel o

7b AAEelA e Sl O RRUE g

delz Al Awel e wel wol AFHe vy AAY & 4
2leh
Au =171 = uy— u, = 0 (16)
U
o p7h AAZe W W AREe W W

o7 e w2

(o AR
Table 3olli= ch&A Mo A & E A4



Table 3 Properlies of interface layers characleristics

Laver | Elastic modulus. | poisson’s ratio,|  Yiekd stress, Tangential
No. [E(GPa) ty) a ., (MPa) modulus(GPa)

7 1 164 0.3 13344 5 a
2 224 0.28 1882.5 2
3 (.26 )

18 -



-~
2L
o/
_:-_t
ple
R
3%

4.1 x-y< von Mises & 7}-89

Fig. 5iz & 3h-52GPa) skl Al = 2 v aad e o
AR E o] xFol uht M abgl von Mises H7HSEEEE VERS
B R o e e R B B e B
d AaFe depddcl gEAE e
A9 Adl Ak F 7R E A= 7)ol Ap vEA s AT el M o] F b
e AN e mop 3 uhA sy AR A Sell A A
. 5%9) 45 xF % uel von Mises ¥ 2fAo] o] A AEFRNE
20~60% Az Andel] ksl A5 A skl A Al du e gk A
of whelAd iz 1] e S vERUISih 4] A delial i v el A
1ok Al Al Hul o] Waboll mhit von Mises F7FSH 2o g o &
Ael gl Ao dububy

Fig. 6 5o &-52GPa) dhellA] Al <y dz chEAd gt

th A Z e .\4’-?'011 T2 AHrel A8 A e HE s v

Gl vEE uhe SRR oA x5 A9} FAY ABE et
et

Fig. 79 %9 A8 A Hul(v=40%)e] disted 7t v shs del
A s AR R oA e xSl wiE AdFet V1A e Akl
von Mises S$7F&HEXE vehdu S Wale R sk g
ol Trhgtef wut Ao W Ho g Frhshy, xFeo] e FEH FUF &
Vas 7ol dAE Y xFel e YA SRS HEEE Figo 500A

18] whEA e} A9 7ol sh-dol skl 1wk
o R A 1A s, vhe A e Fe Adgh deATNR
EU I R I o S . S o I Rl B B e o
of wal & Azt AWES A oel ghubeh WS vepdiE

WA A A b A el Fert) " e ghe vehdigloh

3T

N

r_[



olel @ mae bl vl el #A A b e A e

an T
wool Al vk AT el A shge] 2GPad W xFa whebA H ol
Ao WAk Gobg ek 359 07718 vpEbsieh A e A
o]

s 9459k 0757 7H7h lold, H 4o tﬁ,ﬁl—-::— e gl e

Fig. 8% %9 4490010009 diskel 7H7] e sk 4 7o)
AoV R AR vFel 0 HFeh 1A bl
von Mises & 7bS @i a vhebuigioh v 58 it S 9A x5

o #9 fArahar

- 20 -



[

s O e

1
15
Single | Multi
1 Y
0.05 5 *
(.2 L] )
0.5 0.4 sl A
06 : ®
0
3] 1 s 3 q 5

normalized distance(x/T)

[Yig. 5 Normalized von Mises stress distributions according o [(iber

volume fractions: along x—axis toad level 2GPa).

i
bt

Lo

Geapd T eh

Single [ Mulii

diea(iles

e ue

) l 2 3 4 2

normalized distance(y/T)

Iig. 6 Normalized von Mises stress distributions according to fiber

volume fraction: along v-axis (load level 2GPa).
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The Stress Distributions According to the Interface
Characteristics tn Metal Matrix Composite(MMC)

under Transverse loading

Sang—Tace Kim

Department of Safety [Engineering,
(iraduate school of Industry,

Pukvong National University

Abstract

Unidirectional fiher-metal matrix composites have superior mechanical
properties along the longitudinal direction. However, the transverse
properties ol these composites have been shown to be weaker than
those of desired for some applications. The load transference between a
fiher and a matrix in a composites depends on the properties and
conditions of the fiber-matrix interfacial region. Thus, the mechanical
behaviors of MMC are significantly influenced by the properties of the
fiber-matrix interface. In this study, the interfacial stress states of
transversely  loaded unidirectional fiber reinforced metal matnx
composites investigated by using elastic—plastic finite element analysis.
The effects of different fiber volume fractions (5~60%) and load levels
(1 ~2GPa) were studied numerically. The interface was treated as three
thin laver (with different properties) with a finite thickness hetween the
fiher and the matrix. The fiber is modeled as transversely isotropic
linear-elastic, and the matrix as isotropic elastic-plastic material. The

analvses were based on a two-dimensional generalized plane strain
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model of a cross-section of an unidirectional composite by the ANSYS
finite element analysis code.

From this study, the [ollowing conclusions were drawn.
1. In the case of the single interface model, the von Mises equivalent
stresses have steep changes al the interface. On the contrary, the
stress distributions of mult layver model has muach less changes
comparced with a single interface case, because it has three thin layoer
with different linecar properties.
2. In the case of multi layer model, the maximum von Mises stress
values are 1/3 lower than those of a single interface case.
3. In the case of single interface model, the normalized von Mises
stress values along the interface rapidly change. However, those of a
multi laver model slowly change.
4. Maximum plastic strain occurred in a single interface model as well
as a multi laver model in about 45 degree orientation. Ilowever,
maximum plastic strain in a single interface maodel is about 3 times as

large as a multi layer model under the same loading.



7ol

WS SAstA 9 AANA V=52 o]l 2 d ¢li-
Ao Al shu-o] Ael9 A9 Fe pix %A]:a, AHFo g 2y
FA A ArwadA W Sol 4 AR ={ydg

ek hmA Folw B R wyla] AAstAel we Fas

1

ot 9l TR’S‘“ A T AR oA el w4
% WA vhES ol FARNE B UG rela g9
AAA B oMAFA L AL A BAFugy), oy
W,oolsEn e, AASaFEHA oz gab v
Womd S FAs i oA e v i 2A8 Fa o wag
T A9 F AR A, ZAE A 29 s s g §ot
=¥ Reol B el XEE FAY vAdAAAA A, #
AE, ook 1A, A, A2, oldig] R AER gl
B oS FANANA FA v AP

T QoA Aok A4S obAA F& wAd A, A5A
Al o) FME S viksta Ag VoA BE dstg @
A3 Apeid s A AAdA P §U1E Fi A, &
7, 89, 749, A9, 549 $A5ANAE wvkg e n& e Ay
.

vt o w shi e Wche @ flol nASAw Moo AFe
Al AAE 71912 A o] Rub ofs A Hylug Al on mi
H52 ey g4 vpgdoaz 94 oMy 2 Hyne np
3 A& ob7lA dgkd Ak Ae T FAAAL ol v}

o vEE Asta Agdo

20041 74

IR



	표지
	목차
	1. 서론
	2. 본 논문에 관련된 기본적 사항
	2.1 복합재료
	2.2 유한요소법
	2.3 von Miscs 평가 기준

	3. 수치해석 모델
	3.1 재료 및 기계적 특성 조건
	3.2 섬유체적비
	3.3 유한요소 모델링

	4. 해석 결과 및 고찰
	4.1 x-y축 von Mises 등가응력
	4.2 계면영역의 von Mises 등가응력
	4.3 계면영역의 소성변형

	5. 결론
	참고문헌
	초록

