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Damage detection on the graphene sheet due to impact loading
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Article Information Abstract

Original Research Paper Graphene sheets are subjected to various loads and events during the manufacturing process and their
Received: 6 November 2022 functional life, such as collisions with different masses or loads, which cause deformation, displacement, and
First Decision: 20 November 2022 vibrations in carbon atoms and sometimes rupture of graphene sheets. Graphene sheets with different lengths
Accepted: 1 March 2023 and impactors in different forms of selection and data collection tools are Lamps and Molecular Dynamics

software. Simulation by Lamps software, which is a very accurate method and close to laboratory conditions;

gr?;v;g;gs. Based on the time step and the deviation of the central point of the page; The effect of some parameters such

Impact as mass, number of layers of graphene sheet, different shapes including cube, sphere and cone as well as

Molecular dynamics simulation different lengths of graphene sheet on sheet tearing was investigated. Therefore, with the increase in the mass
of the spherical impactor and the increase in the length of the graphene sheet, the number of broken bonds
increased, while the speed of breaking the bonds decreased with the increase in the mass of the impactor, and
with the increase in the length of the graphene sheet, the speed of breaking the bonds increased. Then, by
examining the effect of different impactor geometries (spherical, cubic, and conical), it was observed that the
surface during the spherical impactor has the most displacement of the middle atoms of the plane and the
conical impactor has the highest number of broken bonds compared to the two impactors. also with the
increase in the number of layers, the amount of displacement of the atoms in the middle of the plane is less
and the speed required to break the bonds has increased.
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Table 3 Maximum displacement of the 50x50 angstrom square armchair

under the influence of a spherical impactor with a constant speed of
15A/ps with increasing impactor radius
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Table 1 The first failure speed in the 50x50 angstrom square armature
plate with increasing impactor radius
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Table 4 Maximum displacement of the 50x50 angstrom square zigzag 10 65 6.3 1
under the influence of a spherical impactor with a constant speed of 11 6.1 59 1
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15 29 15 Table 2 The first failure speed in the 50x50 angstrom square zigzag

Fig. 1 Impact of spherical impactor with graphene sheet
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plate with increasing impactor radius
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Fig. 3 The failure of the links of the 50x50 angstrom square zigzag
under the spherical impactor with radii: a) 10 angstrom b) 12 angstrom
c) 14 angstrom
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Fig. 2 The failure of the links of the 50x50 angstrom square armchair
under the spherical impactor with radii: a) 10 angstrom b) 12 angstrom
c¢) 14 angstrom
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Table 6 The maximum displacement of the middle atoms of the 50x50

angstrom square zigzag with a speed of 25 A/ps under different
impactors

iy g () plrals it ead 4SS glonigy ol
&85 -2.31034 14
S -0.71173 9
e -1.97595 15

(i 45 o9 odalla £ 5 0 logazr 4 azgi b

Sl Sy Cm amio Sl ol plaalr (e
@l Oliee (n S 5 59,5 odiijarpd alwgas aiije o
Slass o oy uiorad Cuwl 00ld F ) aSh 004 0 Lawgs
sbgPe BuSia 0 & Blaie axio )0 oul ALSE slawigy
39 ol dags 00 8,8 e (il bl ol o]
Ot sboml g 00 i )3 9y S pe3 ke g oaidiapo
p3Y S (eSS (et & el a pe IS5 el
0didjdy o 4 Bl i ladigy [0 CuSl obxl Cge
75 5 s olyed 4 (5t (S 35 o3 45 el Sy e

0AjA S A S ) Sle sl ol Ll o)l (6 S

el feS (59,5

1S &9 el i iU -
5| glite slaojlasl (3,5 59 olad ks 3B w2 sl
S o S13S05 g ezl U 90 50 B S5 Bllas (315 5
S g Py STV glad ) o2 L (55,5 o0y Sy
el 0ol (g 5lwdds ol

Ao b p0 CenSll 4SS U ce s ol gl o
Ol 0 aS Gladsl cae s ol sl ools & oas (g jluans
5V sladsaz mls Bilhe 095 o0 £9,5 g (m CnSd
b ce iy b lagsluancs mls e towl oals asein A
FBNV- 59 sloJgux jo el oahad aaign ol auSs oS
Cod gl CeSs Ce s g ezl GALS Gy sl e Y Jgux
@)V lad b g9, oasiju e
Table 7 Changing the Lengths of the armchair graphene sheet and the

initial fracture speed under a spherical impactor with a radius of 10
angstrom
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Fig. 4 Fracture of bonds on a 50x50 angstrom square plane with a
constant mass and speed of 25 (4/p) sunder: a) spherical impactor with
a radius of 10 angstrom b) cubic impactor with a length of 16.1199
angstrom c¢) cone impactor with a radius of 20 angstrom and a height of
10 angstrom
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Table 5 The maximum displacement of the middle atoms of the 50x50

angstrom square armchair with a speed of 25A/ps under different
impactors

o sl Slass s O iy Sy olass
A4) oS! S sl o AanSLE
A4/ps) )
50 ,5 50 1008 6.5 6.3 1
85.4 ,527.3 1008 4.5 4.0 1
100 5100 3936 8.8 -15.0 1
46.9 52002 3936 4.4 4.1 1

0B, g8 (A) plrals i edd atSe ladigy oluw
$95 -1.9 13
e 0.7 8
b -1.8 15

A oploits 4 0093 N E- Y OLT wlral 33 9 il Swliee



uhe 9 SI)98w0 Sl

6143338 G135 5L H31 S BT Axiuo S T oustin

S5 53,5 5ys 6 iy bllanl a8l T Lds a5 col on
B9 Sk ez slaps! 3l wolol Joe slaes] alols 2ol33l
Al s eilonds ool a8 318

oSyl CeaSl Ce e g SIS 3T G ol s A oo

AV gl b (55,5 oaiija,o
Table 8 Changing the Lengths of the zigzag graphene sheet and the
initial fracture speed under a spherical impactor with a radius of 10
angstrom
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Table 10 Changing the Lengths of the zigzag graphene sheet at a speed
of 25(A / ps) with a spherical impactor with a radius of 10 angstrom
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Fig. 5 Fracture of bonds under spherical impactor with radius 10
angstrom at speed 25 (A/ps) in graphene sheet: a) Armchair with
dimensions 50x50 angstrom square b) Armchair with Dimensions
100x100 angstrom square c) Zigzag with dimensions 174.3x56.7
angstrom square
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Table 11 The effect of the number of layers of the armchair graphene
sheet under a spherical impactor with a radius of 10 angstrom
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Table 12 The effect of the number of layers of the zigzag graphene
sheet under a spherical impactor with a radius of 10 angstrom
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Fig. 6 50x50 angstrom square plate under spherical impactor with radius
10 angstrom: a) one layer b) two layers
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