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Abstract

As an alternative of the existing honeycomb shock absorbing device, the new approach on shock absorbing
design using the extrusion of hyper-viscoelastic material such as silicon rubber is studied in this paper. The
strain energy and stress-strain characteristic of viscoelastic material at extrusion process through the metered
orifice has a similarity with the honeycomb core for maximizing shock absorbing capability. And in order to
evaluate the design feasibility of this device and to understand the shock absorbing mechanism of energy
transformation, finite element analysis and quasi-static compression test of the multi-stage extrusion shock
absorber are examined in this paper.
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Fig. 5 Direct/Indirect Extrusion & Ram Pressure
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Fig. 8 Generalized Model for Viscoelasticity
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Table 1 FE Analysis Input Data
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Fig. 11 Multi-Extrusion Element Flow Trace
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Fig. 13 3D FE Model of Multi-Extrusion

6. ZEEHE MZ AFAIH

i)

(c) Von-Mise Stress

R TR TR

Fig. 15 Shock Absorber Components &
Multi-Extrusion Ratio

QY ZAgAdAR 292 A3 A2 (Shore 7
% 59 2= xﬂz}% AA Xinus SHO189ZA] A+
o] AGFAD 2 B(E 3 ])E =53ste] Azl om
Az F8 EAA ‘3—3 @32 Table 29 2t}

A ey ASE AE a4t
q3= 3000+£200 mPa.s
eI= 1.0 g/cm®
235t 24 A2t
a2 5+2 Shore A
jel=p=tg== 10 kgf/cm 0l &t
omAT 30 kgf/cm? Ol 4
[ =1 400 % Ol &




S I S I S O e S ) T =T N _
W od T o TR W AR gy g
—_— ) TH —
AT -l T IR Z
do FoP T m T p M B Boom T oW
2 CHD Aom = oF nzno oy Mo g oy X o o N dr 8
O T ) 0
A I R T T S L 2
@ g 2 T oM T o T T oo B G g
5 ] I S " MS oy r S~ NN &
: s A =" oy B © % o o N om o %0 »
] £ M4, Mo N WS gy Wog B = owE R o
@ 1R TR RRE .= 2 T = B WE g w (T 3 5
i d 2 FRT T el sl PN F ¥ G <
W ,mm Jﬁiala‘ml.A;o ~ dﬂE_ﬁ ~ [0}
& NS Pl g ﬂ,ﬁ x Wy T Em A AE o q_%l‘_ Moo XA o) .
% TH Ve _wm R L L RE gt X g
B " . ! = 2 | = . (0]
3 mm _ N~ - "oy o O % X M X m m.ﬁ S M = o A <o o z
@ g e - S T P R S U L g %
R 2 8 3 N ur S CICLST I = o} 2m oz TF
Rz = 9 A o 08 5 T A 5 &
< 2 o ogo oM o W N g 48 T B e
s | 88 T o BT T o % 8 X 4 .
a8 S TN R T S A 5
= A T Emoe T R e ® 2T R TR e g
o - T T A @y FE gL T e E
3 g . BN ow PR LW o 5 o0 Mo 0 T = =
o " (N)peOT Uejssaudiuoy .Wo _5.0 ﬂ_EH o_vL OW ‘_Iryl Mﬂ M ﬂlﬂ ﬂﬂ m wmﬁ U\m \ﬂv —_ W
W = & o Em M o 7o do 5B T B N T _
o~ + TT T H T TRTFA T S B M moor =
N
oF
% m%? E%%Zrﬂﬂ %%.mﬂ._&_zrmm@r%
)] — _\l_lhv g ) 1]
2 ¥ f SITFTz TTofisize
. — T el [—— —
o N 2 2 Xomomo WX TEENR _dwd@
R = . E < _ T gEdo RrES TR @
W%.m s E%Tmof_omn %ai.@maWﬂga
M oz S %@ s e T Y¥®exT wZg XD BNy
w g g = |8 S Ry EeP R BSE2aTf¥®
< S = s = 4 = @ ﬂhﬂaﬂwﬁopxﬂl%ﬂ‘_m_/ = ~
- 2 = & I T I - T i
5 m ” £ § 7 & i T i B o ow oy P2y " w
= E 2 s g W i 2 = = N i CES gt oo .
o &3 Z._i 1%} o1 I N «m o ‘q‘_ o 21 ﬂ.ﬁ i AT -~ jand A~T WA_.O s ;OL
Moo %R A o i 0 HEL TR anT _ mpwole e
= 2 o @ P o CON U S SR g m oS
g S S TR IR aas R e
G s 5 - v h kT FETET oo
w03 &3 -5 S e
m B0 A < ) " = ~ .
- R e i R R
T rid ; - :  d T A iR ETLUE S T D T o
< _&.E ) N m .Wb ~ o~ 0 © =y wir = T HL. 1_._! E o ‘.W T
wFow . Bl 1 F LR TRy By oA EYLERE
- TR 1 £ g P g S ZueE e e oy
CEGHRCRE I 8 PRt 7 - T R - B . R O
o ~ B w . Ex N T A o T W .o
= © "o R = No o B % o T ooE A B R ORT Np

Lunar Module Landing Gear Subsystem ", NASA TN



ojy

)

1

41

D-6850,1972.

[2] Karen E. Jackson, " Experimental and Analytical
Evaluation of a Composite Honeycomb Deployable
Energy Absorber " NASA/TM-011-217301, 2011.

[3] R. K. Mcfarland, Jr " The Development of Metal
Honeycomb Energy-Absorbing Elements " NASA JPL
Technical Report No. 32-639, 1964.

[4] F. Doengi , “ Lander Shock-Alleviation Techniques ”
ESA bulletin 93 ,1998.

[5] M.J. Ribeiro " Extrusion of alumina and
cordierite-based tubes containingAl-rich anodising
sludge " Journal of the European Ceramic Society
26 (2006) 817-823, 2005.

[6] X.P.Chi " Extrusion Pressure Generated in High

Alumina  Content Paste  Extrusion " ICMA

International Conference , 2010.
[7] Amarasinghe "
Data " [ChemE Vol 76, 1998.

[8] E.-H. Lee and R.L. Mallett, “Stress and Deformation

Interpretation of Paste Extrusion

]

Analysis of the Metal Extrusion Process ”, Computer
Methods in Applied Mechanics and Engineering,
1977.

[9] Stephen L Rosen “ Fundamental Principles of
Polymeric Materials”, WILEY, 2012.

[10] Choon-Woo Lee, Gul-In Kim “ Shock Absorbing by
Multiple Extrusion of Hyper-Viscoelastic Material ” ,
KSAS Fall Conference, 2016

[11] Shin Kim, “ Study of Crush Strength of Aluminum
Honeycomb for Shock Absorber of Lunar Lander ”
, Journal of Aerospace System Engineering Vol 4,
September. 2010

[12] Mi-Seon Yi, “ Analytical and Experimental Studies
on the design of Electromagnetic Shock Absorber ”

, Journal of Aerospace System Engineering Vol 6,

March. 2012



