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Laser induced graphene interlaminar reinforcement for tough carbon fiber/
epoxy compasites
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et al. reported a 170.8% increase in Gic when GO sheets are i

in the form of an interleave in CFRCs [70]. In  series of studies, Liu et al.
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The positive benefit of CNTs and multi-layered graphene sheets
have been proven for carbon/epoxy laminates [25]. As a matter of fact,
some wbon nano-fillers used rein-
forcing phase in order to increase fracture energy especially in sand-
wich composites [26,27). Damage has been modeled also via
elasticity considering non-uniform mechanical properties in Ref.
' (28], However, manufacturing process results (o be quite challenging.
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3.3. Impact Testing
33.1. Scarf Repairs under Low-Velocity Impacts
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Liu et al. [23] used a drop test machine with a 16 mm diameter impactor to in-
vestigate how the repaired composite material would respond to impact. The samples
were first impacted and then tested under tension, meaning the dimensions chosen were

300 % 50 x 4 mm® to ensure suitability for the latter. Focusing on the impact Ilshn! a A
Jwas found d below -
which composite delamination and matrix cracking was the fadure mode. This suggests
that, below a specific impact energy, the repaired joint behaves similar to a pristine sample
in terms of the failure modes that are present. Liu et al [23] also state that the adhesive e yp 1 e
damage occurs at the scarf feathered tip of the back face, implying that this is the most B A Z KT
hn P, Dea casily broken area on the repaired joint. i i
i ¢ Low-velocity impacts were performed on scarf-repaired CFRP composites by Lin MahdiDamghani
etal. [24] using a drop weight machine. The samples tested were 250 x 25 x 6 mm”, with Ei&id
the stepped repair spanning 90 mm over the 100 mm cut-out window of the impact set up.
RESRTERREL Later, after testing, the panels were cut along the central line and assessed using optical KN 3] B AR
lm;mcm;moru,il»,s,md lOl»\mns(d,wuhnncmrgymmcil N "
= ct d along the ge occurred within steps one iul19,21,
V3 ong teps Liu[19,21, 23]
/ to five, which ddition to te | 3k gr o b EHR
1%4{1\: :"l“mal Contrastingly, steps six oA o *
pressive forces that did not aid in the progression of the adhesive failure. Figure3 | 4% for A XA
Liu[23, 24] below where the nag Mmlmhmngnlﬂllmm zgﬁq@]wily;,
g 2% failure from the impacts reduces the residual )urng!hnlmemkn‘lﬂmlhz-bdlvh 1 2 b 45
R, withstand tensile forces is greatly reduced. Secondly, delamination of the composite itself A AL A 42
@,%Eﬁlﬁ g and p aslow rate through the material . obFHHERX
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Figure 3. Location of cracks from 10 impact performed by Liu et al. [24)
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Liu et al. [19] investigated the impact damage mechanisms, re-
sponses, and load-carrying capacity of Tension After Impact (TAI) for
the composite ramped scarf repair. They considered nine increasing
impact energy levels ranging from 4.J to 30 J. They suggested that the
scarfed adhesive damage occurred at the scarf feathered tip of the back
side. The adhesive damage had considerable influence over TAI
capability.
damage hole.
Liu et al. [21] impacted ramped scarf repair laminates at five equally

spaced locations along the repair bond-line using nine varying impact

energies ranging from 4 J to 30 J. A key finding was that at low impact
energy only composite damage occurred whereas at higher energy levels
both composite and adhesive damage occurred. Furthermore, after a
high impact energy of 25 J, the TAI capability decreased by 41.5%. It
was also observed when the point of impact was central to the scarf the
highest damage level occurred.

Tensile strength capability of stepped scarf repair after LVI (3 —
10 J) was studied by Liu et al. [23]. It was concluded that when the
impact energy level exceeded 4 J, the microscopic visible damage could
be found along the stepped adhesive line. The adhesive damage
happened instantaneously leading to a sudden drop of the impact con-
tact load. In all cases, catastrophic residual TAI strength capacity was
reported. Feng et al. [24] studied the impact and TAI behaviours of
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ferences method and obtained an analytical Ga(*) =
ss distribution along with the adhesive bond .
line. Howev did not consider differently oriented plies  Replacing the stress-strain relationship «, = o, /£, of each integral
of the composite adherends, and the predicted peak shear stress of the  * R Co e
adhesive at the intersection of 0° layers was too low and asymmetrical,

as shown in Fig. 2. More recently, Liu Bin [15], based on Harman P —— —
and Wang's method, introduced the rule of composite ply stiffness . | /e eco

istribution and modified semi-analytical method (MAM) {1 Cr s
0 determine the shear stress distribution of the adhesive. While the R — X 0f1:17 ratio. A dramatic decrease of 50 % in residual tensile strength of
results obtained by this method were consistent with those obtained by n tested specimens was observed at an impact energy threshold of 4 J. The
FEM, the predicted peak shear stress in the adhesive was consi d et = same type on study was conducted on 5° scarf joint specimens [130], it
underestimated, as shown in Fig. 2, and the effect of the wedge-shaped **"Fo=!* bonded sl repiss - i was stated that impact damage in the adhesive joint would occur with

high enough impact energy and have significant effect on the tensile
strength of scarf joints. Given the small number of studies dealing with
impacts on bonded repairs, there is room for more investigation.

geometry at the boundary of the adhesive on the stress state was not
captured. In addition, the smaller the number of layers was, or the
smaller the scarf angle was, the greater the error between the results
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