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Micromechanical damage analysis of short fiber titanium
matrix composites under combined axial loading
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Abstract- In this paper, a unit cell based micromechanical model is presented to predict the elastic-viscoplastic
response of aligned short fiber titanium matrix composites subjected to combined axial loading in the presence of
fiber/matrix interfacial damage. The effects of manufacturing process thermal Residual Stress (RS) are also included in
the analysis. The representative volume element (RVE) of the short fiber composites consists of cxrxh cells in three
dimensions in which a quarter of the short fiber is surrounded by matrix sub-cells. In order to obtain elastic-viscoplastic
curves, the fiber is assumed to be linear elastic, while the matrix exhibits elastic-viscoplastic behavior. The Evolving
Compliance Interface (ECI) model is employed to analysis interface damage. This model allows debonding to progress
via unloading of interfacial stresses even as global loading of the composite continues. Results revealed that for more
realistic predictions, in comparison with available experimental and the other models results, both interfacial damage
and thermal residual stress effects should be considered in the analysis.

Keywords: Micromechanics, Short Fiber Composites, Elastic-Viscoplastic Behavior, Interface Damage, Thermal Residual Stress.



o2 g pudl 0ol e bl doxo

<o b (oguilind o) o8 po 03bo (2B (SilSog e Julow

)0 D9 L)L"'” U’“ﬁ) 9 é...ul&ojjxuo J..\.A )l oolazwl l) W)

ol ool [VY]

Joe bl wlge L8, i 59w Jolos alox
ST IV S WO W I
Do sl YU glales jo 5 (Sl (6,185,100 o Clél
e Lulyh g NS, iz cos Wl 18 Yk
aps ) Se¥ld 5 oley 4 atly Gl JSs s Slse
i sl D] s Kbl sSany Jas 5l aiss o
Les 5 G55 5 Sl 51 slod S aspioen 3 S8 el
Joe cpl a8 cul ool ools lid yioren 0gd o oolaul
Slge loy & atuly 5 SVl Ful gileans oy
Sy 5L e S 2l 53,005 sk
Vol o LS 5 uass; s ” Sl 25 &b ol
S Hoj @ pol SdlysSy Jao el o
iz Sl a5 olSim ohrg) odar Saia¥lpud S s
“o0 5 00la )3 (395 48,5 L5 53 S 1o Slge po ' Sloo Y
a2 oo plil oo gesls 4 G SUOE i aB
Sl el Jleme GBS Jaa ol 08 4 pamio (S V]
2 S oo Bix 1y gylop)b b o IAS,L oy Lall &S
ol Sl b IS Sl dan sl g e am
Seiadly UK s Joe 02l b 08 oolil meias
Ol osle SVl L) ools aS oS Lol ool 5429 ddian
JOM BRI TV
sl 4 aiw; ¢ S o L JESl (S e olge o
Otree &5 S8 g L g, cnl el (S Sl
b o3lail b as” aiil Sl slaay¥ S e oole G yo 53>
g JiS Gl Y o (Sair lagys y ules
Sy dlge Sl A (o o Ch il slaJas
5 ye>  pivclhnl Sle Y Jae sosl ol oad il
b Sle @Y Jaa I¥] a8 5 a0 Jslo i) 501, 5005
Gy A Vsl 53 g s gl bs b
Jlow cp syl laolas V] 0 a8 5 10 Joke
wos &) Sl Y y0 S &S Gloy <5 e ool L,
95 0 o sl 5 gogl 45 eud )l elag by

6. Overstress

7. Interfacial Debonding

8. Flexible Interface Model

9. Constant Compliance Interface

AY

doddo —)
Slge o5y 4 538 Aoy <5 o Slge jl oslitul sLlje alex
Vi sloo 5o Ll canslin 3,515 CollB « sl 4l o5 5
P A Y [P AR R AV RO
Slgo (SB35 5 25 b)) SVl Eal 3 ) (oo
b Sl o ol S o0 Wl (pogeilid iy o5 50
a6l sleo b S e 0ole ol (loo 5l ol o s anl8
Sy eaiile izl Sl blasl cope S L
9 4y Om et (Slae Y 0550 50 K00 Jule igd o0
el S

SIS Sley BLIIL ool Cugiis o e olge IS L3,
Slidon Sl (St JB (09> 4 its ail  digy
Ol g (hebow (Sleg S slaoe Jolds a5 (5 ken
il BLIN S pe olge Jl8, co i sl il oo Sguse
[a-v] el azs 5 vl

L, acubre allis TolisS BLII S e Slge Lo L
oz 5l BLI Covguse dusie OIS Lo &4 S e o0le
I Joe [V Ll g cdln)) sed oo Sodumn laie o
Wlowy (25 dmlne (gl BLL-5 90—l (5,55 bl 2
S ae) b Lwlyen oligST SLII Sy Slge o ()1~
~Selmge i diey B8, Jae gl o i )S sleriny
ool Sl Jobo Joo b a3l e Sadly
o8le S-St )13, (b sl (g 95
by 58 ane) bo)d 5 oligS SLII L oud Cogl oS 5
oole i3 S— il g b oliin [NV Sy 5 >
Sgazme (el gy 5l eolitul b (5318 die; obigS SLII S 1o
FOW PRV ) § IRV I W R o U I T K 5
b aid sl s Lol e ()l sl 25 S
e A g SUI LS, sgase Lol Ll cnl o
Wad P S-StV ge 5 s S
s s o 4 e Sl S p50 @ e g S (nimen
S e oole KoM Si Yl e pls> aiad 4w
Cogli Ll )pn oligS BLII L oS (pomivegdl] ) (5318 atns;

1. Residual Stress

2. Interface Damage

3. Short Fiber Composites
4. Aspect Ratio

5. Bonded

£ Bolads VY 855 AVAY j5 (9 g0 S (o



o2 g padl 00l yums bl oo

o b (oguilind o) o8 po 03bo (gl B (Silog e Julo

Y Sz 50 @i b X Sz o ok 51 S e Jsb 5 358 o0
Sydse pamie G LZ Cqz 1o 5 by L

Glogls Sl g5l Joe (el Baiod oyl o oo &) e
ESUC) "widly 5y onds osles asly Joho Jos el
ol 00 00l LaS Y S 0 a5 e oo (5,105 e

oSy oole sanles saze> lall 5l Jskoo ¥ USE (illas
5 85 slul )l Jsko ol 0gi e 48,5 L s GLII el
wibe @D (ruye ghie mhaw b n 4w o Oy by
Slp IVl ass asin 1) Jlate cons S=O /a1 058 o0 559
i St o ol Bl 5 (sloyd iy LTS e oo
gl oo &85 a3 (38> 4S=) (§—00 |, §>>)

J5L.a J..\.a L oL"'jf a.“%L:.” J),o oole OA.Z.)'LQ.; (= QLo.” \ J.iw

o ool ..\.>|5

{20

/
D~

LJ“\“" )o 0U5§ JL.J‘ “S)A ools oA.’\iLo.; T uLo..” é.’a.u Y J&w
XY azmas jo a8l b S ool oolw uxly Joluw

3. Extended Simplified Unit Cell
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2. Simplified Unit Cell Model
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