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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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aracteristics of three point bending tests in low velocity impact

Table 1 Optimal designs using various criterion and initial full with crashworthiness ch

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 1441.58 934 169 157 7.96 3192 3414
BCO3-90 Initial full design 0.218 2247.81 79.9 492.154 494 -0.28 9658 12086
BCO3-90-90 Design for criterion 1 0.179 2642.72 924 473.8305 9003 9742
BCO3-80-90 Design for criterion 2 0.14 3593.22 58.3 515.4 10165 17413
BCO3-60-90 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 0.244 486.58 823 119.12 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 1830.5 934 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
Y
A
i | i 80 mm i
( 250 mm ) l( )'
(1) (<)

Fig. 4 A schematic view of the sandwich beam sample a) front view and b) side view
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Fig. 5 Mesh for an expanded metal cell
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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. 6 Validation of mesh size for finite element simulation
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Fig. 12 a view of the drop-weight machine for low-velocity impact
testing
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¥ Metal expanding

Fig. 9 Schematic of the manufacturing process for the expanded metal
sheets [25]
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Fig. 10 Definition of geometric parameters of an expanded metal sheet cell
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Fig. 11 Orientations of the expanded metal cells
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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) blsls 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
BCO2-95-0 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. 13 a) A comparison of force-displacement and energy-displacement curves and collapse of the sandwich structures with lattice core b) BCO2-88-
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Fig. 14 a) A comparison of force-displacement and energy-displacement curves and collapse of the sandwich structures with lattice core b) BCO3-64-
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Fig. 15 a) A comparison of force-displacement and energy-displacement curves and collapse of the sandwich structures with lattice core b) BCO3-70-
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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,
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BCO3-80- (z BCO3-60-90 (& Scio aiwnr b (mguils ojle (350,958 Jole ol ot 4y ¢ plral— 55,0 5 olailo—g 0 v (0,208 gl duslis (I 16 Y
BCO3-90¢. BCO3-90-90 (> .90

04 o louts 18 055 1397 15 (w0 Suilse wise 170



5095 PLolS a0 9 )93 rms

Ahismw“m';gs)l.\f)la_.:uﬁs}lé Sauino A b Z39 33w [C L SVEITS S RIRR EQEFT AL RYTSIF N ITRTS L VIR ETpe)

asly o3l adsl wged a4y o 2090 4 39% o5 5 4, 90 88 o>
S8 s 3l gg onl 5o ol le (glodig osill 15 5l Las )l i
Wy e Jobe xS iez 93 g ws 5 BRyss o ek
03,5 ey S50 IS j5b 4 (siluainte 50 e RS 5, L (BCO3-0)
85 ez ol L mgnile 5 cpl jo sl oad o3 100% 4 g
w5 1y ooy 22 5 21 39 iyl CFE e sy 4 64 5 70
S e

BCO3-) a5 45 sl s 5caz 53 g5 anen b (zrguiles 53 30
o5 o0k il aie 1 Jgar 5 18 S5 0 a5 jsbilen (45
S8 laen 5503l giluaiagy )3 5 039 100% 4 S0 (55958
a2 o Hlis |y oo, 8-1 iul58l s g 00,8 Laas |y 545

2 OVians oy ook s 90 pFear b sl 5 0
ol @Bl 33l e )0 13.5 90 oz ol b g lsle (gjluaig
Wrder S9 S9don patie 16-8 S ol ale -5 Jogel 4 S L
e b siloanae 3 ez talS wisy L ST b sced ol 4y
4 CFE 4 al 20331 30% b aicis g9, 60 5 80 oz  als
b oo 225 19% §37% s 5

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
S5 @iz e p s g3 i1 (slakes Jloges 17 S0

250
200
ngO
W
.
© 100
50
o
© 0 90 90 9 9 9 Q VW WV W WL o 9 9
38232333323 d34383
EggsBITTEIETR 2588
s22°8gg"8Eg 2324
@ @ o @ @ o
Fig. 18 Effect of cores on CFE
Ci3958 G903l as £93 1 glabia Jlogei 18 5B
600
500

S
[=]
=]

Energy absorption (J)
N w
(<] o
Q (=]

=
[=]
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 ShyB s 5 S sl 50519 S

171

Sl eSS ol gl S e Iy SLSU il g sl gluangs 5
v aslol jo il atils Jsb cya 0 5 ates )85 pae jo Ay,
el ol 48 wlagge il Loy (sjlotingr o 2 i 2815 1 g5
g By ()39 50 (Rl 5 K0S, 4 lediged (53, e ol S0

@23 90 (Joho (65 0ez 53 g9 St e b (Zmgile sl
28 pboles 5 lralr —655l 5 @lraly -9 Gblbged 4 az g L
Ok 5 @3z Ol YLl ead esls lis 16 S
0ayd 5 cpl 0 Bl ilhaige Ll s 1) oals cw)p sladiges
S ol Tyl aigad oj GRS 4 a2 b 5l ol & Ssdiee
sl (55 iz 5o (silodings e el caimolis (al &5 wile e

b mosle sloys (025 5 v (omyp 3l Jobb i anlis
Gl Jloges ;0 a5 ol Copn e 51080 Cov (S e
90 o> Bllai 9 YU Sligea 5 olas ccwl oad ooy las 17 S
D, RS b s,

&35 @3 53 o b ol dmlono -5-1
(Ba) 555! @i <od b «(Pmean) (uKilo 595 «(Ppeak) adgl Sy 595
o sl o s lagell (CFE)'Giipsd o5 o3k 5
43,8 S92y 5 6,50 yell Geigres Wgd (oo odliiul Q3> (oly>
Cde il as il loyem o YL ol 5l 65l sl odls dslllas (o
dwd 539 &S pl 4 as g b adllas ol 4o .cosl (SEA) T 59 alg oo
o Slp el oS sl 5 (Sl g (@YU Slxio (9 b amlie o
) s Gjg poad ©dx 5l Bl siluan S SESs
woi s 4 [26] (A3-10) Ly, pmlasion 2pme oy 35 iz lyie
9 P9 Sox o0k 5 adsl Sy s eddioda (5 eanmslis

el 0539 00l LA (55,

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

(10)
5max
Pren=5— [ F®) .
max J0
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 (55l e el saiiSagame 5iSls
2 oSl S9ye S L )98 95 033k el ey g
[27]007 (o s @y adsl Sy (9,0

oo 03ld aled (55,8 958 033k Ol labes logei 18 JSo 5o
L (BCO2-88-0) 2 g5 So disd L, adois ol gults ol
9,0 Laaiged ploe 1) (B30598 9 033k (e (n it %1344 i
b s SVl S8 i (99 05 4 4295 L 2 g9 i IS 5k @
S5 a8 jsbplen gy Jlosl b Seaadly JS8 s pls 595 £9,0
Aol 55 a5 anils il oo olrale —g50 ogel s ce oiys 15-2
2 g5 aid o 55, pl 5900 YU el ol S0y 1 b sk azilol |
el 00l diged cpl )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 oplass 18 0,93 1397 455 yo)e SailSe ouwditeo



5095 PLolS a0 9 )93 rms

Ao duw ired (51T )l s (5300 o diuad b 5935w (5L )15 ()51 3 alald )3 (5 LB (5 Hlwding S w3

2500

BCO2-0
2000

1500
1000
500
0

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

SEAC()/kg)

b)
900
800 BCO3-45
700
= 600
< 500
=
5 400
“ 300
200
100
V]
Initial full Design for Design for Design for
design criterion1 criterion2 criterion 3

d

1600
- BCO3-0

1200

1000
800
600
400
200

0

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

SEAc(J/kg)

a)
4500
4000 BCO3-90
3500
__ 3000
[}
-
S~
S
3
b

2500
2000
1500
1000
500
0

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

9)

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
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