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Optimization of honeycomb impact attenuator using genetic algorithm based on
response surface method and-design of experiment; Part I: crashworthiness

Maryam Alisadeghi, Jamshid Fazilati”

Aerospace Research Institute, Tehran, Iran.
*P.0.B. 14665-834, Tehran, Iran, jfazilati@ari.ac.ir

ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, the design and optimization of a honeycomb energy absorber is performed using genetic
Received 28 June 2015 algorithm. The main design goal is to absorb almost all the impact energy. Simultaneously, reduction of

Accepted 08 October 2015

Available Onfine 11 Novermber 2015 the shock force level is also considered as a main objective. In the first part, the crashworthiness

behavior of honeycomb structure is parametrically studied. The results are utilized in the second part to

Keywords: pptimi_ze shock_ absqrber o!esig_n. In this part, aluminum honeycomb str_ucture_under (_lenamic Iogding_ is
Honeycomb Structure investigated using simulation in LS-dyna finite element code. Parametric studies are invoked to identify
Crashworthiness the influence of different model parameters on crashworthiness characteristics of honeycomb structure.
LS-Dyna Finite Element Code Reducing the computational cost, a repeatable model of "Y' cross section column is numerically

Design Of Experiment

Parametric Study simulated. The effects of changes in material properties including Young's modulus, yield stress,

tangent modulus, geometrical properties such as cell size, foil thickness, as well as the effects of impact
velocity on the deformation behavior of the structure were investigated. A number of 25 different
geometries with same height and various cell sizes and thicknesses are studied and effects of thickness
and cell size on the energy absorption properties are investigated. Results showed that crashworthiness
parameters such as mean and peak stress depend mainly on cell size and thickness values, while the
friction coefficient and young's modulus are of less importance. Any change in absorber’s geometry
affects the mean collapse stress more severely than the peak stress. In the meantime, thickness change is
more effective in comparison with cell size change.
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Table 3 Tangent modulus effects study

4.7 0.15 0.143 () oot i 5550
-2 20.28 20.68 (mm) o5 Job
6.8 0.0074 0.0069 (kN) oeles (595w
0.45 0.03098 0.03084 (KN) i S 9y

ke G5 1 g0 4 99z
Table 4 Yield stress effects study

% s 265 pols s 70 plus s (MPa) uls i
62.0 0.15 0.05706 () ouls ©d> (55,
2.9 20.28 19.7 (mm) o525 Jobo
60.8 0.0074 0.0029 (kN) (1Sleo (55
72.3 0.03098 0.008581 (KN) dicion (59,0

Tangent modulus: 700 MPa
0.04

Tangent modulus: 350 MPa = = ——-

0 5 10 15 20 25
J (mm)
Fig. 7 Force-shortening curves for different tangent modulus
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Fig. 13 Force-shortening curve for impact mass effect study
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Fig. 14 Energy-shortening curves for impact mass effect study
00LS 3,55 5 o2 gy 2zl G5yl loges 14 S

L ==V=10 m/s
««a:V=30m/s ;
0.04"  mviy=70 m/s :
= ==V=100 m/s H
Z 0.03 ¥
<3

0 (mm)
Fig. 15 Force-shortening curves for different impact velocities
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Table 6 Effects of impact mass

05 0.0064 0.0016 0.0032 (kg) o>
25 0.32 0.08 0.16 () JS 35,
0.1591 0.1527 0.08 0.15 () oo ©i> 55,
20.82 20.42 10.86 20.28 (mm) 55 Job
0.0076 0.0075 0.0074 0.0074 (kN) oSiles (59,0
0.3101  0.03101  0.03098  0.03098 (KN) acin (55,5
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Fig. 9 Force-shortening curve for different yield stresses
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Fig. 10 Energy-shortening curves for different yield stresses
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Fig. 11 Force-shortening curves for different Young modulus
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Fig. 12 Energy-displacement curves for young's modulus effects study
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Table 7 Effects of impact velocity

100 70 30 10 (M) sy
16 7.84 1.44 0.16 (9) 0,95 5 55
0.2541 0.1793 0.1492 0.1388 (9) ooty Liz g5,
22.4 21 20.92 20.54 (mm) o 55 Jsb
0.8819 0.8268  0.8236 0.8087 STy L ,S
0.0113 0.0085  0.0071 0.0068 (KN) Slo (55,0
0.03099  0.02565 0.02695  0.02775 (KN) aicios (595
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Table 8 Cowper-Symond coefficients for strain rate sensitivity effects
study

D q

0 0
6500 4 gl 5T
570 3 o2 sere

0.35¢
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- =70 m/s
0.25+ V=100 m/s {
S 02 »
015l --" l:"..
‘ LI
0.1t T
-
Tt
0.05} P L
" > . ‘ . ‘ |
0 5 10 15 20 25
4 (mm)

Fig. 16 Energy-shortening curves for impact velocity effects study
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Table 9 Simulation results for strain rate sensitivity effects study

J5 55 ol iz g5l e, Jsb Sl s Ol S5y Anden 9
() (0) (mm) 7 (kN) (kN)
0.16 0.1388 20.54 0.8087 0.0068 0.0277 V=10, D=0, g=0
0.16 0.1504 20.42 0.8039 0.0074 0.0310 V=10, D=6500, q=4
0.16 0.1509 20.34 0.8008 0.0074 0.0316 V=10, D=570, =3
1.44 0.1492 20.92 0.8236 0.0071 0.0269 V=30, D=0, g=0
1.44 0.1744 21.01 0.8272 0.0083 0.0312 V=30, D=6500, q=4
1.44 0.1812 21.08 0.8299 0.0086 0.0321 V=30, D=570, =3
7.84 0.1793 21 0.8268 0.0085 0.0256 V=70, D=0, g=0
7.84 0.2117 21.48 0.8457 0.0099 0.0292 V=70, D=6500, q=4
7.84 0.2271 21.68 0.8535 0.0105 0.0311 V=70, D=570, q=3
16 0.2541 22.4 0.8819 0.0113 0.0310 V=100, D=0, q=0
16 0.2816 22.7 0.8937 0.0124 0.0360 V=100, D=6500, g=4
16 0.2875 22.7 0.8937 0.0127 0.0382 V=100, D=570, g=3

Table 10 Effects of material’s strain rate sensitivity (in percent)

(0,0 &) 5,5 zr 4 ook Cunlus 10 Jgu>

V=100 V=100 V=70 V=70 V=30 V=30 V=10 V=10
D=570, P=3 D=6500,P,=4 D=570,P=3 D=6500,P,=4 D=570,,=3 D=6500,P,=4 D=570,P=3 D=6500,P=4
13.1 10.8 26.7 18.1 21.4 16.9 8.7 8.4 () i oy
1.3 1.3 3.2 2.3 0.76 0.4 -1 0.6 oS5 iy
12.4 9.7 235 16.5 21.1 16.9 8.8 8.8 (KN) (eSileo (53505
23.2 16.1 215 14.1 19.3 16 14.1 11.9 (KN) Sy (55505
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Table 11 Cell height effects study

10 gles,) 15 ¢gly,l 20 elas)l 25.4 glas )| (mm) gl |l
0.06246 0.09131 0.1193 0.15 () oi> 5]

8.109 12.11 16.05 20.28 (Mmm) o, Jobo
0.3193 04768 0.6319  0.7984 STy S
0.0077 0.0075 0.0074  0.0074  (kN) .Sl (59
0.03019 0.03064 0.03076 0.03098 (kN) Sy (59,0
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Table 12 Full factorial method inputs in design of experiments method

n=2 n=1 (”) 58S
t (mm) C (mm) (r) U
0.0254 3.1750 r=1
0.0381 3.9688 r=2
0.0508 4.7625 r=3
0.0635 5.5562 r=4
0.0762 6.3500 r=5
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Fig. 17 Force-shortening curves for cell height effects study
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Fig. 18 Energy-shortening curves for cell height effects study
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Table 13 Simulation results

SEA, SEA, Om Op t C
(kd/Im3) (kJ/kg) (MPa) (MPa) (mm) (mm)
80289 29.9588 1.7128 7.0309 0.0254 3.175
99196 37.0138 3.1743 10.9758 0.0381 3.175
125566 46.8531 5.3575 14.4168 0.0508 3.175
142826 53.2933 7.6174 17.9242 0.0635 3.175
164261 61.2915 10.5127 21.4866 0.0762 3.175
66952 24,9824 1.1426 5.6154 0.0254 3.9688
85881 32.0455 2.1985 8.8204 0.0381 3.9688
104973 39.1692 3.5830 115724 0.0508 3.9688
126656 47.2599 5.4039 14.3537 0.0635 3.9688
148733 55.4975 7.6150 17.1540 0.0762 3.9688
59753 22.2959 0.8498 4.6806 0.0254 4.7625
77182 28.7994 1.6466 7.3595 0.0381 4.7625
95205 35.5244 2.7081 9.6952 0.0508 4.7625
111785 41.7109 3.9746 11.9637 0.0635 4.7625
131486 49.0621 5.6101 14.3056 0.0762 4.7625
54395 20.2968 0.6631 4.0074 0.0254 5.5562
69589 25.9662 1.2725 6.3032 0.0381 5.5562
89348 33.3389 2.1784 8.3335 0.0508 5.5562
106060 39.5747 3.2323 10.293 0.0635 5.5562
124511 46.4596 45536 12.3133 0.0762 5.5562
51136 19.0809 0.5455 3.4971 0.0254 6.35
66051 24.6461 1.0568 5.5131 0.0381 6.35
83323 31.0907 1.7776 7.3023 0.0508 6.35
104218 38.8874 2.7792 9.0148 0.0635 6.35
114569 42.7498 3.6662 10.7845 0.0762 6.35
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Fig. 19 Functionality of mean force with cell thickness
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Fig. 21 Functionality of peak force with cell thickness
Caloed s i g5 Ll 21 G

12 o plouds 15 093 1394 sl (3o SwilSe widse

35 15 7.03 3| Ky i 0.0254 Coslseds b Jshos 1o Jlie (gl e s
2149 3 Sy 15 0.0762 Caslieds b digas ;5 5 JISlSe 353 Juie 4
3 09790 bl @ azg b ulply b e (2al5 1071 e 4, 10.78 1
o Jobo oIl (s plpgd b o9l aid 5 I )3 Culi Culs &S (g0
LSl a5 cpl ) Jois 5500 Oole a il ool chal ddion S
blo) iy (25 O (lee il andly geld ax (55549
S35t o oximsplii 3 ogei ez s oo ol b pSas
awain Ol JUS 50 Al (A5 4 Cand (B8 5l WS

el (5552554 Jsk

Colbud 9 S 4 (12SSlae (595 o bLIH1-9-4

Caolbes b 1) S (6950 4 (5uNileo (69,8 Cannd L3127 S logas
ngju Cond as Q?‘“"G" oo live -A.«S‘So QL“’ i LgLQJ?JwJ o)b;‘ Lg‘)"
OS5 4 Cand BT Jolw o3l (p 7S5 (6l oSy 0 (Sl
Sl Sy a4 5l G508 S Sl iy 635 S Jske o5l
15 351 6.35 Jslo o5kl (sl g o ,3 50 5 25 3l fsga 3.175 Jskus o3l
Jobo culies ol L ots ol Guimad O3S o i duoyd 30 L
Al 238l

Jabes o3Il g (aSileo 4 Sy (5979 S bL3,1-10-4
Jobe o3Il L 15eSCo (69 0 41 (5 Silis (695 S L)1 28 S logas
Soe & Ol S S WS (0 Ol Wi slaculis ol
b Jsks sl Comd cnl o (50l sk o3l Gial3dl b aipiey
il S (35S cwlbs b ok b duslie (o cCulrs (1 5S>
Jsbos gl g oy 24 1515 51 Tsga 0.0254 colsess b Jglos (6l s
S Hp b ke a8 o yexd 200 50 30 5 0.0762 cwoles L

O eNle Ggpm Camd (pytia shils sl (5SS g Cwls
M),@Q,megu&u @ﬁfomwwiw

Canloid 3 Jolow 0311 (gax> 5 g0y 0329 5551 b1 -11-4
e Jsb Saled L ohg slags) pl Slpess 30 529 sla JS4 Jlages o
i 18505 )3 45 jebolen ansl o @) Cilie (gla Jok o)l
9 Cnlid 4 Cund po> 9 (0> oy sl 8, 5 bLSI
LaS Ojgo cnl el ain 5 Sl 5 )13 aline ¢ sl o5l
Sules I L 5wtk el ok lacs Sl ok ol (2l
s 05,50 b sk onlplts b oo el o3 (slagss ook

el 0329 53l oyt shlo Jskw o3l (n 5 S5 95

SXy e -5
oobus Jlasl b (5308 (5555 4 (Seolind (5,105 ,L (g5lwards callie ol 5o
L oawslie o ol ciw)d o350 5 bl Luls sgame oyledl 05 0 (55l
o ools s adly ladigel 5o (g3, » Sibislad (ge5] @l
2 S5 Belse Sl gwyn ok 4 i oo 25w sl glasaie plsie
plxl goae Jao (nl 59, bl asdllas (55554 (555 La L3,
9 eboe Jodo s i (Kl Jgde aile oole Clasin jl.cé 3
Pl oizmen g gla5 )] g Culs axg ojlail aile Jokw awais Olasice

34


www.sid.ir

b Sulien 9 S8Sbasle @10

A S s (1 Ghele )T Al 9 gty Zokaw ulwl x Sais 3 @ks )9Sl I o Skl b (599455858 65 il o dla (5 wding

Fo[Fo (%)

50r = C=3.1750 mm
- =& C'=3.9688 mm
~ C=4.7625 mm
4 C=5.5562 mm
- C=6.3500 mm

\
i
1
it )
Yuh b
AR R}
LS8 Y
A% R}
A%
\Y

10 1 L " L 1 L " L L 1 1 L 1 1 1 L 1 1 L 1 L 1 L 1 L 1
0.02 0.03 0.04 0.05 0.06 0.07
t (mm)

L ]
0.08

Fig. 27 Functionality of peak force to mean ratio with cell thickness

Fy [F (%)

Fig

SEAn (K]/Kg)

Fig

SEAy (k]/m?)

Fig

35

Calies § o uSleo (595w G bLS )1 27 S

60 - £=0.0254 mm
A £=0.0381 mm
50l -4~ 1=0.0508 mm
= 1=0.0635 mm
40| =3 =0.0762 mm
Se——— Ommme
P s B ©
301 b~ S >
i, -«
)] e - L L LT P oA
Y
L s |- L 1 PR | L L P L PR | i 1 L s |
19 35 4 45 5 55 6 6.5
C (mm)
. 28 Functionality of peak force to mean ratio with cell size

Jobes 0310ly (2aSiln 43 Sy (595 o b3 51 28 S5

70r - C=3.1750 mm
-+~ C=3.9688 mm
[ v C=47625 mm e
5ol ™= C=5.5562 mm -
~+ (= 6.3500 mm

60

0.08

40
30, -~ : -----
20F
10 1 1 1 1 1
0.02 0.03 0.04 0.05 0.06 0.07
t (mm)
. 29 Functionality of SEA, with cell size and thickness
ok 03131 5 a8 Caslieds 1 55 b ooy o329 (55l Sy 29 JSCi
,x10°
L wge C=3.1750 mm
[ = C=3.9688 mm
L == C=4.7625 mm aseer®
L5F A= C=55562 mm e

t (mm)

. 30 Functionality of SEA, with cell size and thickness

| 4 C=6.3500 mm it
[ . ’ L=
i+
o -‘:_--
0 L i .'_1::'1“‘ i i I 1 1 L 1 L 1 L 1 i 1
0?02 0.03 0.04 0.05 0.06 0.07

0.08

J9lw o)"d.}‘ 9 J;9$ Sl 9O s L > 0y LS))" g_:‘JM.su 30 JS-»»

ke Cow b -6

(M%) coloe A

(M) oo Jsbo ol

() &35! E

(N) 555 F

(m) elis) h

(I/Kg, M) ous Ciz o5 535,51 SEA
(M) cwles t

(Mms™) e o /4

0.257 -@ =0.0254 mm
= /=0.0381 mm
021 e —0.0508 mm o=
= + =0.0635 mm " v
& 0.15¢ - o S
= < /=0.0762 mm I L A
0.1" _-—_—-’"::_g--—-ﬂ":z-- ____--*—----- >
i i.-—:::::::*""'-__-:::_’_—--""-_-’.-_----_-_
0.05- p::--—-*"'*-::::____e.-.--—----'O""""-'-o
o--==== i
0...‘I..‘.Ia...l‘.“l‘..‘il..‘\....I
3 35 4 45 5 5.5 6 65

C (mm)
Fig. 22 Functionality of peak force with cell size

ol o3l by ez, 55,00 bl | 22 JSC

12r .e. ¢=3.1750 mm

-+ C=3.9688 mm )
g C=4.7625 mm

gl = C=5.5562mm
¢ C=63500 mm

10+

.
-
.
»®

om (MPa)

-

-
-----
v
----

0 1 1 1 | 1 ]
0.02 0.03 0.04 0.05 0.06 0.07 0.08
t (mm)

Fig. 23 Functionality of mean stress with cell thickness
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