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In this research, an influence of topology optimization in energy absorption of lattice core sandwich
beams by using ABAQUS software was an investigation. Relationships between the force and
displacement at the midspan of the sandwich beams were obtained from the experiments. Two types of
Steel lattice cores with three cell orientation were subjected to the low-velocity impact test under three-
point bending. The core of sandwich beams was made from expanded metal sheets and a topology
optimization with Solid Isotropic Microstructure with Penalization (SIMP) method was used to remove
the redundant expanded metal cell. In the following, by studying the topology optimization to evaluate
the impact parameters, including Specific Energy Absorption (SEA), as discussed testing purposes. The
energy absorbing system can be used in the aerospace industry, shipbuilding, automotive, railway
industry and elevators to absorb impact energy. Experimental and numerical results showed that
topology optimization could significantly increase specific absorbed energy. Results of three-point
bending crushing tests showed that the SEA of a sandwich beam with optimal core structure increased
between 45% and 94% compared to the initial design structure of the core. In addition, appropriate
orientation of expanded metal cell in the core of sandwich beam caused to increase the specific energy
absorption by more than 90%. Finally, an appropriate optimal geometric structure with three tape of
volume fraction and the best examples of criteria considered with respect to the objectives were
introduced.
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Table 1 Optimal designs using various criterion and initial full with crashworthiness characteristics of three point bending tests in low velocity impact

Aiged Design We (kg) SEAc (J/kg) CFE (%) Eamml(J)Sim Ego! (J)exp Error (%) Pmean Ppeak
BCO3-0 Initial full design 0.22 958.92 72.7 218.22 238 -8.31 4158 5712
BCO3-85-0 Design for criterion 1 0.19 1077.43 119.8 208.04 199 4.54 3934 3281
BCO3-70-0 Design for criterion 2 0.15 1187.83 93 188.4 179 5.26 3668 3943
BCO3-64-0 Design for criterion 3 0.11 1441.58 93.4 169 157 7.96 3192 3414
BCO3-90 Initial full design 0.218 2247.81 79.9 492.154 494 -0.28 9658 12086
BC63-90-90 Design for criterion 1 0.179 2642.72 92.4 473.8305 9003 9742
BC63-80-90 Design for criterion 2 0.14 3593.22 58.3 515.4 10165 17413
BCO63-60-90 Design for criterion 3 0.128 4133.31 67.1 532.3 10104 15043
BCO3-45 Initial full design 0.338 856.22 80.9 290.06 276 5.22 5655 6982
BCO3-90-45 Design for criterion 1 0.274 411.19 76.4 113.07 2480 3244
BCO3-80-45 Design for criterion 2 0.244 486.58 82.3 119.12 2180 2649
BCO3-70-45 Design for criterion 3 0.175 505.94 87.9 88.97 1663 1891.
BCO2-0 Initial full design 0.043 1614.17 134.4 70.40562 75 -6.36 1281 953
BCO2-95-0 Design for criterion 1 0.032 1830.5 93.4 59.96 1089 1165
BCO2-90-0 Design for criterion 2 0.023 2062.38 169.9 48 881 518
BCO2-88-0 Design for criterion 3 0.014 2251.94 220.4 33 577 261

250 mm

()

Fig. 4 A schematic view of the sandwich beam sample a) front view and b) side view

Fig. 7 Steel sheet tensile test
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Fig. 8 Engineering stress versus engineering strain curve for steel sheet
(substrate and core)
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Fig. 12 a view of the drop-weight machine for low-velocity impact
testing

Ol Sty 005 ialoj] g 459 boghas olSws 5l oles 12 S8l

04 o louts 18 055 1397 45 (i Suile wise

¥ Metal expanding

Fig. 9 Schematic of the manufacturing process for the expanded metal
sheets [25]
[25] (5355 Sio loxio Ay a0ld 5| Sl £ 9 JSS

Y

rLz --)-u *’ 7/ :
L

L

Fig. 10 Definition of geometric parameters of an expanded metal sheet cell
i Se Slmio Jolo ot (gl jlyb iy a5 10 S

/ 6=45

Fig. 11 Orientations of the expanded metal cells
Sedo i sl Jobo (55 11 S5

SYgd (Sl o> 2 Jguer

Table 2 Properties of steel.
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Table 3 Dimentions of the expanded metal cells

C Li(mm) Lo(mm) W(mm) a(mm)
2 34 11 2.2 15
3 64 22 4 3
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Table 4. Computational design of the experiments

wged C Vi) (8) bsks asly  Win(kg)
BCO3-0 3 100 0 0.75
BCO3-850 3 85 0 071
BCO3-70-0 3 70 0 0.68
BCO3-64-0 3 64 0 0.63
BCO3-90 3 100 90 0.74
BCO3-90-90 3 90 90 0.68
BCO3-80-90 3 80 90 0.63
BCO3-60-90 3 60 90 0.6
BCO3-45 3 100 45 0.86
BCO3-90-45 3 90 45 0.77
BCO3-80-45 3 80 45 0.74
BCO3-70-45 3 70 45 0.67
BCO2-0 2 100 0 0.568
BCO295-0 2 95 0 0.558
BCO2-90-0 2 90 0 0.549
BCO2-88-0 2 88 0 0.539
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Fig. 16 a) A comparison of force-displacement and energy-displacement curves and collapse of the sandwich structures with lattice core b) BCO3-60-90,
¢) BCO3-80-90, d) BCO3-90-90, ¢) BCO3-90

BCO3-80- (z BCO3-60-90 (& Scio aiwn b (uguils ojle (350,958 Jole ol ot 4y ¢ plral— 55,0l 5 olailo—g 0 v (0,208 gl duslis (I 16 Yo

BCO3-90¢. .BCO3-90-90 (s 90

04 o louts 18 055 1397 45 (i Suile wise 170


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.30.3
https://mme.modares.ac.ir/article-15-16856-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1397.18.4.30.3 ]

509 PLolS a0 9 )93 rms

Ahi.imw"m';,_s)l.\f)b_.:uﬁs}lé Saino diaud by Z39 33w [C L SVEITS S RIRR EQEFT AL SRYTS1F N ITRTS FRL VIR Epe)

asly o3l adsl wged a4y o 2090 4 39% o5 5 4, 90 88 o>
S8 e 3l gg onl 5o o lle (g loding osdll 15 51 Las ! i
a2y e Jobe xS iez 93 g wes 5 Bngs o ek
03,5 ey S50 IS j5b 4 (siluainge 50 e RS 5, L (BCO3-0)
85 ez ol L omgniles 0 cpl jo sl oad o3 100% 4
w5 |y ooy 22 5 21 39« iliél CFE s iy 4 64 5 70
WS e

BCO3-) a5 45 sl 55 caz 53 g5 anen b (zrgailes 53 30
o5 o0k el aie 1 Jgar 5 18 S5 0 a5 jsbilen (45
kS laen 5503 giluaiagy )3 5 039 100% 4 S0 (B398
a2 o Hlis |y oo, 8-1 ul58l s g 00,8 Laias |y 545

2 OVians oy ook s 90 pFear b sl 5 0
ol @Bl 33l e )0 13.5 90 oz ol b o ksle gjluaig
ey S9 S9den patie 16-8 S Sl ale -5 Jlogel 4 0 L
e b siloaiae 3 ez talS sy L &S0l b sced ol 4yl
4 CFE 4 al o331 30% b acis g9, 60 5 80 o  als
e SialS 19% 5 37% s

600

s Simulation
500 m Experimental

Energy absorption ()
8
o

=]
3
a8

B(O3-85-0
BCO3-70-0
BCO3-64-0
BCB3-90
BCO3-45
BCO2-0

Fig. 17 Effect of cores on energy absorption
Sl @i Jlade p ains g9 1 glabee Hloges 17 ST

250
200
ngO
w
.
© 100
50
(1]
© O O ©O O O 9O 9 W WV W 1w O O O o
hh &3 2222 T T T T AL S R
mqwgmoosmogomc_\m\:‘u
2222383283 aadgs s
s22°8gg"8Eg 2324
@ @ o @ @ @
Fig. 18 Effect of cores on CFE
Go32588 G903l aied g8 il (glale Jlo5ei 18 YK
600
500

S
[=]
=]

Energy absorption (J)
N w
[=] [=]
(=] (=]

=
[=]
o

o

BCO3-0
BCO3-85-0
BCO3-70-0
BCO3-64-0

BCO3-90
B(C63-90-90
BCO3-80-90

BCO3-45
BCO3-90-45
BCO3-80-45
BCO3-70-45

BCO2-0
BCO2-95-0
BCO2-90-0
BCS2-88-0

BCO3-60-90

Fig. 19 Effect of cores on E,
S5l i ShiB i 5 S sl 50519 S

171

Sl eSS ol el S e Iy SLSU il g sl gluangs 5
s aslol jo il atils Jsb cya 0 3 ates )85 pae jo Ay,
el ol & wilagge <ol Loy (sjlotingy o 2 i 2815 L g5
Dy By ()39 50 (Rl 5 K0S, 4 ediged (53, e ol S0

@23 90 (Joho (65 0ez 53 g9 St e b (Zmgile sl
28 boles s glralr —655l 5 @lraly -5 Glalssel 4 4z L
Ok 5 @3z e YL el ead esls s 16 S
0aud 5 opl 0 Bl ilhaige Ll s 1) oals w)p sladiges
S ol Ty aigad oj Rl 4 a2 b5l ol & Ssdiee
sl (55 iz 5o (silodinge e el eaimolis (al &5 wile o

b mosle sloys (025 5 sove oy 3l Jobb @l anlis
Gl Jloges ;0 a5 ol Copn e 51080 Cov (S diusn
90 s> Bllai 9 YU Sligea 5 olas sl oads ooy las 17 S
2,0 RS b s,

G R
(Ba) 3, i cud b d(Pmean) (5o55kee (595 «(Ppeak) adsl Sy (5955
Ot Sl o s ol el CFE) (o558 o5 ook 5
4 9)00 0929 1 6,505 bl rizmes Nigd (e edlitul L3l elo
Cde il as il loyem o oYL ol 5l 65l slbodls dalllas (o
dwd 539 &S opl 4 as g b adllas ol jo ool (SEA) T 39 0y oo
2 Sl el oS Sl 5 (Gl 9 VL Slxho (59 b anslia o
) aes Gig poad ©d 5l Bl siluan Sl SESs
woi s 4 [26] (A3-10) Ly, pmlesion 2pme oy 35 iz e
5 A9 S 033k g gl S 9y b i (655 snaslis

| 029 odu ol 6))"‘

6max
E, = f F(5)ds
0

(10)
1 ‘Smax
Proan = —— F(8)ds
e = 5= f ©) .
P
CFE = =21 % 100
Ppeak (12)
E,
SEA; = —
We (13)

Oy & Bis 5 s e Sl (PLb e )3 bl )l
e 5 g lod enbin (g5l e el saiiSagame 5iSls
2 oSk S9ye S L B)98 S95 033k el ey -9
[27]007 (o s @y adsl Sy (9,0

oo 03ld aled (555,85 958 033k Ol labes logei 18 JSo 5o
L (BCO2-88-0) 2 g5 So dis L 5 adois ol mults el
9,0 Laaiged ploe 1) (B30598 S9 033k Gliee (n i %1344 i
b s SVl S8 et (09 05 4 4295 L 2 g9 i IS 5k @
JS8 a8 jsbplen o9y Jlesl b Seaadly JS8 s plis 595 £9,8
ol 55 a5 ansls il mae ol ale —g50 ogel s ce oiys 15-2
2 g5 aid o 55, nl 5900 YU el ol S0y s Lo sk 4zl |
el 00l diged cnl )3 (B30598 (S9 035k 39 b el

5ol g2 g aa b augile slays gl CFE ol aslsl (o

* crashing force efficiency
2 specific energy absorption

04 oplash 18 0,93 1397 455 yo)0 SailSe uditeo


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.30.3
https://mme.modares.ac.ir/article-15-16856-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1397.18.4.30.3 ]

509 PLolS a0 9 )93 rms

Ao duw ired (5135 )l s (5300 Ko diuad b 5935w (5L )15 ()51 3D alald ) S (5 LB (5 Hlwding S ) 3

2500

BCO2-0
2000
1500
1000
500
0

Initial full Design for Design for Design for
design criterion 1 criterion 2 criterion 3

b)

SEAC()/kg)

900
BCO3-45

800
700
600
500
400
300
200
100

[}

Initial full Design for Design for Design for
design criterion1 criterion2 criterion 3

d

SEAc()/kg)

1600

1400 BCO3-0
1200
1000
800
600
400
200
0

Initial full Design for Design for Design for
design criterion 1  criterion 2 criterion 3

a)

SEAc(J/kg)

4500
4000

BCO3-90

3500
3000
2500
2000
1500
1000
500
]

Initial full Design for Design for Design for
design criterion1 criterion2 criterion 3

9)

SEAc()/kg)

Fig. 20 Comparison of SEA during topology optimization by volume fraction between specimens with core type of a)BCO©2-0, b)BCO3-0, c)

BCO3-45, d) BCO3-90

(s BCO3-45 (z BCO3-0 (o BCO2-0 (Wl g4 e b ladiges ooz 1S b (5,5l (gjloaigs anld (b ohg 65,5 wdz polie oy aumlie 20 Jsio

g s odaline 5 i )3 (5 i (359 SR (siluding 9, (b

S5 om -6

8 Jols 5 mls 485 plxil oo 2 5|

3 S5Pl @dr Sl Gl Gl Caz e slagty, Sl S —
Gilwaig 5l eslatul soye L cow (g5l slaodl>
@l S8 8 pmyn g 4z 3590 anlllan (nl )0 &S el (5 5L
Sl gy ol 5l eolanwl L 94% B o5y (o5, iz Lial3l 5l las

B oS 5 omin )90 o (ol )0 &S el e 5L —
Sl a3 oo Slnio slaJsho 5z b s S
iz Gl ol @S ey @l il 2 (Augle
33-11 5 a0 90 pScqs 40 94% U 45% o oy (5
L Jsbe &5 sl Jls jo cpl )ls ax 0 a0 g pScqs )0 doys
Gl s 655l @iz Ced b e S 4 a0 45 S
el 03,5 a5 1,520% el oy oSl cazil

oS 035 s od yme Sk dies b mswile sbodls -
85 A plyoe (nlpln 1S o0 D32 1) o0k 551 5 e
On demlie o aitee oYL 6550 a3l sl bl 45 ) a5
Loky 5l @iz lade a5 ol ssnlin 3 52 58 Siies sladis
Stz b g 5 lige Gl oo basle Lo 2ol
W &y S 3 g5 a0 g (55, iz Sl ks le

ol 22 gy

04 o leib 18 0,53 1397 5« yw 0 Splo uwditgo

BCO3-90

90 ,5cuz b Jsko 53 g9 So e b 15 50 (5551 iz cod b
Sogei jo 4 jebiilen dadiges ol b dawslis ;o (BCO3-90) ax o
gools olaisl sgs a1y Jlade oy i (S o0 0online 19 S5 glal
el 05,5 oy 20133194% - 45% -\

Wk (9 A Comd ohis G5 Ldr Ced bl Slss W)
b as Sl s digai gl g )ile (giluangs sl p (b o SEAC)
Jslos 93 g5 Stio atua b 15 61,0 20 IS 0 el 0001 20 US40
4 60 380 90 o> ol L aS coul astine 4,0 90 5, 5egx b
SEAC) o539 65, wdz ooyl i 10 45.6% 437.5% 15% 5 5
sl azdly gl

53 &5 s b (ugule 5 diged odigrie B9 15 SO 5o
oud 03l (LS anngy LSl g adgl IS sl 4255 45 Jsho (s S e
o @ Eies 90 ez 2ol L oaiygy Jlisle ol SEA e ool
2 Py el 00,5 oy 2elS caas 4y 20-0 glale jloges sl adsl
SEA Jlie iuljdl 0,bss 70 580 oz alS U (g5lwaigs dig, sl
el a8 agl Sl 31 e ol lizmad g 29 e o0nlie

BCO2-0)2 ¢4 s BCO3-0)3 £55 o atwdr b (250l slo 5
o @ cond gy LSl a4z jho Jile xS ez
4,55 SEA 5w 0 1) gawo,e 283 5335 ulil sy oa plol
sbisly o g el giluags 5l alol> mls o awslio b cusl 05 )5
et 3 g aed 5 gy nl ol 23l (3l e Sud )b spue
25 A Gl ()39 2 g5 Al dy Carnd it () &5 [z 05 o0

172


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.30.3
https://mme.modares.ac.ir/article-15-16856-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1397.18.4.30.3 ]

509 PLolS a0 9 )93 rms

Ao duw ired (5135 )l s (5300 Ko diuad b 5935w (5L )15 ()51 3D alald ) S (5 LB (5 Hlwding S ) 3

[4] F. N. Deshpande VS, Collapse of truss core sandwich beams in 3-point
bending, Solids and Structures, Vol. 38, No. 1, pp. 6275-305, 2001.

[5] G. L. Simone, Aluminum foams produced by liquid- state processes, Acta
Materialia, Vol. 46, No. 3, pp. 3109-23, 1998.

[6] S. 1. Frostig Y, Baruch M, Vilnay O, High-Order theory for sandwich-beam
behavior with transversely flexible core, Engineering Mechanics, Vol. 118,
No. 1, pp. 102643, 1992.

[7] F. Taheri-Behrooz, M. Mansourinik, Experimental and numerical analysis of
sandwich composite beam under four-point bending, Modares Mechanical
Engineering, Vol. 17, No. 1, pp. 241-252, 2017. (in Persian _..,i3)

[8] K. T. Cheng, N. Olhoff, An investigation concerning optimal design of solid
elastic plates, Solids and Structures, Vol. 17, No. 3, pp. 305-323, 1981.

[9] R. V Kohn, G. Strang, Optimal design and relaxation of variational problems,
I, Communications on Pure and Applied Mathematics, Vol. 39, No. 1, pp.
113-137, 1986.

[10] K. A. Lurie, A. V Cherkaev, A. V Fedorov, Regularization of optimal design
problems for bars and plates, part 2, Optimization Theory and Applications,
Vol. 37, No. 4, pp. 523-543, 1982.

[11] G. I. N. Rozvany, T. G. Ong, W. T. Szeto, R. Sandler, N. Olhoff, M. P.
Bendsge, Least-weight design of perforated elastic plates—I, Solids and
Structures, Vol. 23, No. 4, pp. 521-536, 1987.

[12] T. G. Ong, G. I. N. Rozvany, W.-T. Szeto, Least-weight design of perforated
elastic plates for given compliance: Nonzero Poisson’s ratio, Computer
Methods in Applied Mechanics and Engineering, Vol. 66, No. 3, pp. 301-
322, 1988.

[13] X. Huang, Y. M. Xie, G. Lu, Topology optimization of energy absorbing
structures, Crashworthiness, Vol. 12, No. 6, pp. 663-675, 2007.

[14] A. Ghoddosian, M. Sheykhi, M. Rostami, Contact shape optimization of
structures under multiple loading using bi-directional evolutionary structures,
Modeling in Engineering, Vol. 10, No. 30, pp. 76-86, 2013. (in
Persian .. s)

[15] W. Zhang, W. Zhong, X. Guo, An explicit length scale control approach in
SIMP-based topology optimization, Computer Methods in Applied
Mechanics and Engineering, Vol. 282, No. 1, pp. 71-86, 2014.

[16] L. Siva Rama Krishna, N. Mahesh, N. Sateesh, Topology optimization using
solid isotropic material with penalization technique for additive
manufacturing, Materials Today: Proceedings, Vol. 4, No. 2, pp. 1414-1422,
2017.

[17]J. Liu, Y. Ma, A survey of manufacturing oriented topology optimization
methods, Advances in Engineering Software, Vol. 100, No. 1, pp. 161-175,
2016.

[18] N. Chen, D. Yu, B. Xia, J. Liu, Z. Ma, Interval and subinterval
homogenization-based method for determining the effective elastic
properties of periodic microstructure with interval parameters, Solids and
Structures, Vol. 106-107, No. Supplement C, pp. 174-182, 2017.

[19] M. Zhou, G. I. N. Rozvany, The COC algorithm, Part Il: Topological,
geometrical and generalized shape optimization, Computer Methods in
Applied Mechanics and Engineering, Vol. 89, No. 1-3, pp. 309-336, 1991.

[20] H. Long, Y. Hu, X. Jin, H. Yu, H. Zhu, An optimization procedure for spot-
welded structures based on SIMP method, Computational Materials Science,
Vol. 117, No. 1, pp. 602-607, 2016.

[21] N. P. Garcia-Lopez, M. Sanchez-Silva, A. L. Medaglia, A. Chateauneuf, A
hybrid topology optimization methodology combining simulated annealing
and SIMP, Computers and Structures, Vol. 89, No. 15, pp. 1512-1522, 2011.

[22] M. Abdi, Evolutionary topology optimization of continuum structures using
X-FEM and isovalues of structural performance. PhD thesis, University of
Nottingham, 2015.

[23] R. T. Haftka, H. M. Adelman, Recent developments in structural sensitivity
analysis, Structural Optimization, Vol. 1, No. 3, pp. 137-151, 1989.

[24] ASTM Int., Standard Specification for Steel , Sheet , Carbon , and High-
Strength, Low-Alloy, Hot-rolled and Cold-rolled, ASTM, no. A 568/A 568M,
2000.

[25] G. W. Kooistra, H. N. G. Wadley, Lattice truss structures from expanded
metal sheet, Materials and Design, Vol. 28, No. 2, pp. 507-514, 2007.

[26] M. Damghani Nouri, H. Hatami, A. Ghodsbin Jahromi, Experimental
investigation of expanded metal tube absorber under axial, Modares
Mechanical Engineering, Vol. 15, No. 1, pp. 371-378, 2015. (in
Persian ...,s)

[27] C. Graciano, G. Martinez, D. Smith, Experimental investigation on the axial
collapse of expanded metal tubes, Thin-walled Structural, Vol. 47, No. 8-9,
pp. 953-961, 2009.

173

el CFE Jlade VU shls 2 g95 S 4 b (omgiilos 15 —
A dg; sy, S il (b e Rl 0ty b oS
75 opl o aee 598 gg 4o Al Jele (pl 08 e 03
SIS 055 slo Jaie ;8 9y (pyeS L2 £ S diwd W3)ls
anlp onl )3 4 )lSo b 4 ook (seled 5 0sls Seadly Y
S e OS5

Glojlo S5 Jds 4 St atn b (mpaile 550 glaodl> —
3 e el dles )3 (Ken g )l (05598 plSe il
Soxs &g 3l (o5 ke adgl anie 69,8 O g5
S Gy 03l b IS8 oo anbre ol Soo5 (eKke
ool 990 e Lo

Gl L (CFE) (o358 5955 003k 2 5 )i Lo sjlwange x36 =
Shge @ azys 90 U jao 5l ans glasle xSoez wul;
Gl azyd jho GpSiur b a0 a5 Gsb a4 el (usSa
Loy 420 45 (6, 5q> b aian ;5 wod o CFE e o,
2 ol cel 4250 90 Jolo gz 5o plalm 5 pibio
D9 (59,8 Sy 003k

e S yed -7
wsey C
JSo e CFE

Sl Jgaa  E
D oil g3l oir ci b Ea
mm) wges Jsb L
Cd ;0 S Olas Y olass Ne
Ny (Silea (5555 Prean
Ny gl Sy s98 Pocak
IKG) 3> 35 45 » o0 i g3 SEA
(UIKG) ass (y39 9>ty 5ot iz 53, SEAC
mm) 5 sl s YL Slxio culks T

sl o & s oz palS wops Vi
k) wigei i35 W
Sy mode
mm) plal> 8
kg/m®) J&=  p
&xlp-8

[1] S. Guruprasad, A. Mukherjee, Layered sacricial claddings under blast
loading Part | analytical studies, Impact Engineering, Vol. 24, No. 9, pp.
975-984, 2000.

[2] S. Guruprasad, A. Mukherjee, Layered sacrificial claddings under blast
loading. Part 1l experimental studies, Impact Engineering, Vol. 24, No. 9, pp.
975-984, 2000.

[3] E. A. Wadley HNG, Fleck NA, Fabrication and structural performance of
periodic cellular metal sandwich structures, Composites Science and
Technology, Vol. 63, No. 1, pp. 233143, 2003.

04 o )lois 18 0,93 1397 DB e Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.30.3
https://mme.modares.ac.ir/article-15-16856-en.html
http://www.tcpdf.org

