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Simulated nano-indentation method for estimation of micro-residual
stresses of a unidirectional composite ply
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Indentation test is a method in which the behavior of a material, in response to the indentation can provide
a variety of information. Residual stresses within the body and modulus of elasticity are of the most
important information that can be obtained from this response. A composite material is a combination of
two or more different materials and due to this difference and heterogeneity a residual stress occurs in
them. Considering the destructive effects of this kind of stresses on performance of composite structures, it
is necessary to determine the magnitudes and distribution of them. Currently there are some mechanical
experimental methods for determining macro residual stresses in laminated composites. However, there is
no mechanical experimental method for determination of micro residual stresses in a unidirectional ply. In
this research, a finite element simulation of the indentation test for determining the modulus of elasticity
and micro-residual stresses of a unidirectional composite ply is presented. For this purpose, an appropriate
representative volume element of the unidirectional composite ply has been considered and a virtual
indentation has been applied on it. The results show that the estimated modulus of elasticity for the fiber in
this way depends on the penetration depth, while the estimated residual stresses are independent of the
penetration depth. To evaluate the effect of matrix on the results of the indentation in fibers, an isotropic
material with similar properties to the glass fiber, has been modeled and the results were compared with
the results of indentation on composites.
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“Simulated nano-indentation method for estimation of micro-residual stresses of a unidirectional composite ply”, In Persian, Journal of

Science and Technology of Composites, Vol. 2, No. 4, pp. 1-12, 2016.



Sebb s Semo @y )8 SIS je S goxo

SR 93olS A S AV (G Sslowy s 9 xKle (yuss (Sl 2 o (s ilwaub (5 )53 985936 by

WS g S0l (g ye diged g (g ) Wlewy A 0P 5 eediinns
ooy 1y s, cal eS8 dagtsy (nl iR S iz e
o) (b le o 2 e Slaghsy Sl s S (oo Sgue
5 $359 Dn CobIl (ye hle glsel TSl anal Ay
5 el yed Dyt |y oy slois wilyie (oll, (rimcid
Pl 69y 2 @ lFles, SISl gilulizr sl s a4 o et
Sl by, onl 1 g aals> leds o)lpen wilowmn 25 SIS 51 (S0 58
5,10 T e & e g (6 lwesle] a jLs avlie plo]

Wlony G235 503l Sl gy Comipd @ Dl &5 65505 b,
Olyreas o (5,5 39aigl Logas) conl o)l (6, F0555 g w05 &Ll
Gam3 93 )3 03l Sz g8 slapa> (Sele B3, Gt 50 Wre3 ;08 (LB,
b Sl g3 )5 6539k )5 Iy AT S ey ALY
W OIF bl Ceagliie ¢ o (S wiile) (Sl elgs Sl (sled
Sl lst rizen (CaSs Sajir L b 25 ol e
Oladees able e 5B JUl (5,535 sojlwl 31 o) (wliiieSzsS
e oy b s 1 Qe e slajll (Real St e
gy (e Sl oaalie 4 5L e 5 535 (D) (olelrog s
LF] 058 5y oSl gSng See

$559858l b9y 2 5950 -Y-)
L ged oole Bw g e glpil (6,535m560 Giolesl Lol oa
(=5 Ohalesl o g el 355 Gas g S35k )l (175 (g 3l oolici]
i b s 5l eusazs, S IS 4 b 45 wlendiud (55b 3si (3as 5 5y
18] 0580 o5 yho b arien (g95e5 5l o 5 Mg I3 aiety
ladsse 5l alamass SVl g ol adsl s gy Juloo
Gl wlal b e JS8 ans e 4l ond (5,555 sole Szl
il | USE L llas g ot s s b S0 0 il

__________________ max
; asio b Pyax
Il d_P Aigad _»Q}Tch_.,ﬂ)a-_:_*;,,vw hyax
f {//l kel Gos he
! :

oailal>ay i Gos hy

h
b b b e oleal> b

’ ;
[
f— &, —-L— h, —

h h, b Jsbe o Sl

c

h

max

)

[o] s 53585 (5, sl il st Y S

ond poal ghe drwlbre 5 (e sln 9, @)y B el B,
e colae [F0] cl Jgons dlge 10 StV Jgoe dnlns 5 oles
Goe bl gbgyre [F35a5 L 35 Jb iy Co A led oo

A = m(h,tan 8)? M

4. X-ray diffraction
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1. Hole-drilling
2. Saw-cutting
3. Layer-removal
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1. Elastic equi-biaxial residual stress at the Surface
2. Equi-biaxial residual stress at the indented surface
3. Pile-up
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