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Numerical investigation of the effect of material strain rate dependent
properties on high velocity impact behavior and ballistic limit velocity of
honeycomb structures

Meysam Khodaei, Majid Safarabadi Farahani®, Mojtaba Haghighi-Yazdi

Department of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran
*P.0.B. 1439955961, Tehran, Iran, msafarabadi@ut.ac.ir

Keywords Abstract

Honeycomb In this paper, high velocity impact behavior of honeycomb structures was modeled by implementing high strain
High velocity impact rate dependent properties of honeycomb and its ballistic limit velocities in collision with hemispherical as well as
Ballistic limit velocity _ flat ended projectiles were calculated. The obtained results were validated with those available in open literature
Strain rate dependent properties and numerical ballistic limit velocities were found to be in good agreement with experimental ballistic limit
Numerical modeling velocities. In addition, ballistic limit velocities in models without strain rate dependent properties were calculated

and compared with those in previous models to evaluate the influence of strain rate dependent properties.
Comparing the results of these two kinds of models showed that using strain rate dependent properties increases
absorbed energy as plastic dissipated and frictional dissipated energies which improve accuracy of numerical
modeling significantly. On the other hand, fracture mechanisms and damaged zones were investigated in
numerical models and were compared with experimental output. Damaged zones in front of honeycombs in
numerical models were similar to experiments but honeycomb manufacturing process and random collision of
projectile with honeycomb, made some differences in damaged zone at the back of the honeycombs.
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Fig. 2 A) Geometrical model for collision of hemispherical projectile
with honeycomb B) mesh around the collision region
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Fig. 1 The dimensions of cells in honeycomb used in ballistic impact
experiments (in mm) [11 ,16]
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Table 1 The projectiles characteristics used in ballistic impact
experiments [11, 16]
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Table 3 Experimental result of ballistic limit velocity for collision of
projectile with honeycomb [11, 16]
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Fig. 10 Projectile absolute velocity vs. time for collision of HS
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Fig. 21 Deformation of honeycombs with different cell dimensions
after F projectile collision

Faby 0,055 50 Sgline Joho olal b (55505545 ojler JSCo yuis 21 S

LY
pLsl (659354 ol 0 SEG g 0)Ses b Ay 3,95 0 (ilannd
slagilesl @b by und SV 51 plaS 0 (sl Seidl 0> Sy
GRS E5 A iy oleP (S il alie e o 485 )50
e b slaghi S 25 sl 6 peies] Ssdial HEE sileand 5
8555y Sl 9 (a3 (2LLe3T @l 4 Spo3 goue @l 4
g pae ) Jol> WS (rizman al (555054 oile 4 Laaliy gl
Ol 31986 slaJoe Sl a> analns b (25,5 5 4 ataly olos 4

T 9 <0y Slappilie (L35 JIF () g Son 3500 (M £
el 5 awlie 2l mli 5 jloans [0 oo sl ol

Jb ool b oo sanlie (5,5:554Y (s5l> <55 gshw 5 ol £35S0 50
by 5,55 5 BT Coale 5 60050 il o s Jlas] ) oolizl
Gy 50 00 ol ol Zolaw jo olacsglat sloyl Corge o5 y5554Y &
sl Gmals rizren w05 (AL @IS b awlis o 50549
Ol 4 el 05080 o glis 50 (T (59 Bai> b (5590854 Jskes
9050y b sla Al 0595 )3 i 4 Seidb a> Sy 225

&= y-6

[1] Safarabadi, M. Ashkani, I. and Ganjiani, S.M, “Finite Element
Simulation of High Velocity Impact on Polymer Composite Plates ’
Journal of Science and Technology of Composites, In press, 2016.

[2] Taghipoor, H., Malekzade Fard, K. and Bigdeli, A., "Experimental,
Numerical and Analytical Study of Energy Absorption in High
Velocity Penetration Phenomena on Composite Targets" Journal of
Science and Technology of Composites

[3] Arjangpay, A., Darvizeh, A., Yarmohammad Tooski, M. and Ansari,
R., "Modeling Damage Evolution of Composite Laminates under
Low Velocity Off-center Impact” Journal of Science and
Technology of Composites, Vol. 3, No. 3, pp. 243-252, 2016. [4]
Khoramishad, H., Khodaei, M. and Bagheri Tofighi, M., "
Sensitivity of the Impact Behavior of Multi-layered Metal
Laminates to the Position of Material Parameters Variations"
Journal of Science and Technology of Composites, Vol. 1, No. 1,
pp. 23-34, 2014.

[5] Cowper, GR. and Symonds, PS., "Strain-hardening and Strain-rate
Effects in the Impact Loading of Cantilever Beams" Division of
Applied Mathematics, Brown University, Tech. Rept. No. 28, 1957.

[6] Johnson, GR. and Cook, WH., "A Constitutive Model and Data for
Metals Subjected to Large Strains, High Strain Rates and High
Temperatures" Seventh International Symposium on Ballistics, The
Netherlands, pp. 541-547, 1983.

[7] Bodner, SR. and Symonds, PS., "Experimental and Theoretical
Investigation of the Plastic Deformation of Cantilever Beams

>

Cualied 1alS 05 (o0 )3 S0 Al p pj 50 6 e sla gk Slass
33 39790 §)95)8Y ggerme )d b 39d o cge il 4y (5 9554 o5l
WSS Glais Sl 4l 5
bl o rs3aY lojlgs Gip "21 USA" Gllae > cnl b
653958 Jokuo sl (2alS b b 09 co i go S5 s 450 985 ay] 8
S adsbe ojles oy b o S sbml g ojle cnl 5l 6 Hlaie
5 358 anld sledl o Wojlps by &5 |z wogd (554
Eyogn onl wade &) Al g3 m sl GLSe Loy oailedly culis
Jobo sl 285 b (555054 sladsb o)lpes (Hlre b 0gd o0 2
e pals Tl Jols Sezadly (B g5l 5 il el o
SHlGpl el b a4 e Joke olul e calple
Js 1) e85 e alin 955 Sl v Cop RalS (Sl

S5l

Sglaie (5,900545Y Jobw ol b (go0e sl Jow Sidl 0> S s 5 Joua
Table 5 Ballistic limit velocity for numerical models with
different honeycomb cell dimensions

Jab sl b Szl a> e o Sl o> sy a5
(m/s) pgoSy (m/s)
325 29.75 HS
425 455 F
;
m ALLPD-1 Cell
6T  mALLPD-1/2Cell
5 | WALLFD-1Cell

3 ALLFD-1/2 Cell

Energy (J)
w

HS F

Fig. 19 Plastic (ALLPD) and frictional dissipated energy (ALLFD) in
models with different honeycomb cell dimensions

L slaJas s (ALLFD) S\l 5 (ALLPD) Sdly 3051 (o5, 19 JSei
Sslize (550553 Jobo oled

1/2 Cell

Fig. 20 Deformation of honeycombs with different cell dimensions
after HS projectile collision

HS 4, 0,55 5 50 Sglie Jolw olal b (559050 o5l JSo s 20 JSC&




oo 5 HSs wive

Subjected to Impulsive Loading" Journal of Applied Mechanics,
Vol. 29, No. 4, pp. 719-728, 1962.

[8] Smerd, R., Winkler, S., Salisbury, C., Worswick, M., Lloyd, D., and
Finn, M., "High Strain Rate Tensile Testing of Automotive
Aluminum Alloy Sheet" International Journal of Impact
Engineering, Vol. 32, No. 1-4, pp. 541-560, 2005.

[9] Holt, DL., Babcock, SG., Green, SJ. and Maiden, CJ., "The Strain-
Rate Dependence of the Flow Stress in some Aluminum Alloys"
Transactions of the ASM: Transactions Quarterly, Vol. 60, No. 2,
pp. 152-159, 1967.

[10] Tanaka, K. and Nojima, T., "Strain Rate Change Tests of
Aluminum Alloys under High Strain Rate" Proceedings of the
Nineteenth Japan Congress on Materials Research, pp. 48-51, 1975.

[11] Dashti, M. R., “Experimental and Numerical Investigation of the
Effect of Polymeric Foam on the Penetration of Projectile in the
Foam-filled Honeycomb Structures” Tarbiat Modares University,
Tehran, 2011.

[12] Pirmohammadi, N., Liaghat, Gh.H., Pol, M.H. and Sabouri, H.,
"Analytical, Experimental and Numerical Investigation of
Sandwich Panels Made of Honeycomb Core Subjected Projectile
Impact" Modares Mechanical Engineering, Vol. 14, No. 5, pp. 153-
164, 2014.

[13] Wang, Zh., Tian, H., Lu, Z. and Zhou, W., "High-speed Axial
Impact of Aluminum Honeycomb — Experiments and Simulations"
Composites: Part B: Engineering, Vol. 56, pp. 1-8, 2014.

[14] Molatefi, H. and Mozafari, H., "Investigation on In-plane Behavior
of Bare and Foam-filled Honeycombs in Quasi-static and Dynamic
States by Using Numerical Method" Modares Mechanical
Engineering, Vol. 14, No. 15, pp. 177-185, 2015.

[15] AlaviNia, A. and Sadeghi, M.Z., " An Experimental Investigation
on the Effect of Strain Rate on the Behaviour of Bare and Foam-
Filled Aluminium Honeycombs" Materials and Design, Vol. 52, pp.
748-756,2013.

[16] Hassanpour Rudbeneh, F., Liaghat, G., Sabouri, H. and Hadavinia,
H., "Investigation of Interaction Between Aluminum Facing and
Honeycomb Structure in Quasi-static and Impact Loading"
Modares Mechanical Engineering, Vol. 16, No.7, pp. 23-31, 2016.

[17] Hooputra, H., Gese, H., Dell, H. and Werner, H., "A
Comprehensive Failure Model for Crashworthiness Simulation of
Aluminum Extrusions" International Journal of Crashworthiness,
Vol. 9, No. 5, pp. 449-464, 2004.

[18] "Abaqus Analysis Theory Manual™ Version V6.14, 2014.

[19] Malvern, L.E., “Mechanical Properties at High Rates of Strain”
Institute of Physics, p. 1, 1984.

[20] Metals Handbook “Vol. 2: Properties and Selection: Nonferrous
Alloys and Special-Purpose Materials” Tenth ed, American Society
of Metals, Metals Park, Ohio, 1990.

[21] Masuda, T., Kobayashi, T. and Toda, H., "High Strain Rate
Deformation Behavior of Al-Mg Alloys" International Conference
on Fracture, Honolulu, USA, pp. 363-368, 2001.

[22] Mukai, T., Higashi, K. and Tanimura, S. "Influence of the
Magnesium Concentration on the Relationship Between Fracture
Mechanism and Strain Rate in High Purity Al-Mg Alloys"
Materials Science and Engineering, Vol. 176, No.1-2, pp. 181-189,
1994.

[23] Pare, V., Modi, S. and Jonnalagadda, KN., "Thermo-mechanical
Behavior and Bulk Texture Studies on AA5052-H32 under
Dynamic Compression" Materials Science & Engineering, Vol.
668, pp. 38-49, 2016.

[24] Moosbrugger, C., “Atlas of Stress-Strain Curves” Second ed, ASM
International, Materials Park, p. 375, 2002.

[25] Pirmohammadi, N., “Analytical and Experimental Investigation on
Ballistic Behavior of Sandwich Panels made of Honeycomb Core,
M.S. Thesis, Department of Mechanical Engineering” Tarbiat
Modares University, Tehran, 2013.

[26] Abrate, S. "Impact Engineering of Composite Structures" Springer
Wien New York, p. 130, 2011.

520

il

J 93818 5)9Ud 9 pgle Ay yuis


http://www.gruppofrattura.it/ocs/index.php/ICF/
http://www.gruppofrattura.it/ocs/index.php/ICF/
http://www.gruppofrattura.it/ocs/index.php/ICF/ICF10/index

