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Abstract— Honeycomb sandwich structures are most
effective components for the applications where the energy
absorption and reduction in weight of the component are the
primary criteria. Honeycomb sandwiches are showed to be
good energy absorbers with higher strength to weight ratios
when compared to the conventional structures. The present
papers deals with energy absorption of ejected blade during
blade off events. The numerical analysis is carried out by
using commercial explicit finite element solver Ls-Dyna. In
this paper impact analysis is carried out on solid and
sandwich thin walled structures with honeycomb core in
between two face-sheet. Finally a comparative analysis is
carried out based on the energy absorption capability of solid
and sandwich thin walled structures.
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. INTRODUCTION

The blade off event of the gas turbine engine due to high-
cycle fatigues, bird strikes, hail stone impact, overheating,
material defects etc. causes heavy losses to the airplane
structure sin turn passengers. The blade-out event cannot be
avoided seven in modern advanced gas turbine engines.
Failed rotating components can be released as high-energy
fragments which could perforate the engine scowling and
damage fuel tanks, hydraulic lines, auxiliary power units and
other accessories, affecting flying performance sin a number
of direct and indirect ways. The ejected blade has to be
contained within the engine with the help of the casing. Many
of the engine casing structures is made up of metals but in
order to contain the high speed ejected blade the thickness of
the casing has to be increased which in turn increases the
weight of the component which is not preferable in aerospace
industries. In order to overcome this drawback one of the
alternative method is the using of honeycomb structures in
place of metallic casing structure.

Il. LITERATURE REVIEW

In order to carry out the entitled work an extensive literature
survey was done by collecting and studying the number of
relevant journals, articles and technical papers from the
available resources.

Modern aero gas turbine engines operate with
stringent conditions to meet the demand of higher thrust and
lower fuel consumption without compromising safety and
reliability. The engine components experience both high
thermal and high mechanical loading which promote creep-
fatigue damages at its hot and cold end components was
predicted by Ozaltun et.al [1] and Koul et.al [2]. In the field
of blade containment during blade off event many researchers
carried out numerical and experimental works. Carney et.al
[17] and Kelly et.al [18] carried out the work on containment

analysis with an alternate geometry. In this study they
considered the projectile which resembles the fan blade and
casing is modelled as flat and other alternate geometry
structure. Damodar etal [19] carried out numerical
simulations for studying the impact and penetration of thin
plates by small fragment impactors. In these study threshold
velocities for different combinations of pitch and yaw angles
of the impactor were obtained for the impactor-target test.
Conclusions drawn from such predictions contribute
to improvements in the design of impact loaded sandwich thin
walled structures components and help in reducing the
experimental effort associated with their design.

I1l. METHODOLOGY

In order to understand the blade containment on honeycomb
structures for energy absorbing characteristics during impact
event, the following methodology is adopted. Based on the
study of available literature the process of energy absorption
behaviour of thin walled structures is examined.

The containment analysis is carried out for an
alternate geometry. The alternate geometry is considered to
be flat solid thin walled plate and honeycomb plate. The
numerical analysis is carried out by changing material for thin
walled sandwich plate. In the initial stage the modelling of
the solid and honeycomb sandwich plate is done by using
HYPERMESH V12.0 by checking quality parameters like
warpage, jocobian, skew angle and aspect ratio. In the next
step the analysis is carried out on solid and honeycomb plate
by changing the material properties of the plate to
investigated the structural and material behaviour on impact.

IV. FINITE ELEMENT MODEL

The numerical modelling is carried out in Hypermesh VV12.0
which consists of blade and target modelled as shown in Fig
land Fig 2.
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Fig. 1: Geometric model of blade and target
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Fig. 2: Specifications of blade geometry
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The plate and blade is meshed using 8-Noded brick
elements. The Fig-3 shows the meshed model of the plate and
blade structure.

Fig. 3: Meshed model of blade and target

V. BOUNDARY AND LOADING CONDITIONS

The blade impacts the 4.7625mm thickness target with a
velocity of 457m/s and the due to the impact the Kinetic
energy of blade decreases and tear the target and the blade is
also get fragmented. The blade is impacted at angle of 45 on
honeycomb sandwich and solid plate. Surface to surface
contact is given between plate and blade during impact. In
case of honeycomb and face-sheet tie break contact is
applied.

VI. MATERIAL PROPERTIES

-  *MAT_PIECEWISE_LINEAR_PLASTICTY,

-  *MAT_ELASTIC and

- *MAT_PLASTICITY_WITH_DAMAGE
Respectively, the mechanical properties of blade and

the target are as shown in Table 1, Table 2 and Table 3

respectively.

Density 4650.22 kg/m?
Young s modulus 110.316 GPa
Poission’s ratio 0.31
Plastic strain to failure 0.22
Yield stress 1.00663 GPa
Tangent modulus 1.59269 GPa

Table 1: Properties of Ti-6Al-4V blade

Density 7750.373 kg/m3
Young's modulus 193.053 GPa
Plastic strain to failure 0.56
Poisson’s ratio 0.305
Yield stress 339.222 MPa
Tangent modulus 165 MPa

Table 2: Properties of

Steel 304L target

Density
’ 7750.373 ka/m?
Young's modulus 193.053 GPa
Plastic strain to failure 0.56
Poisson’s ratio 0.305
Yield stress 336.222 MPa
Tangent modulus 165A

Table 3: Properties of Alumina blade

VII.

JOHNSON COOK MATERIAL MODEL

*MAT_JOHNSON_COOK is especially used as material
model in case of high strain rate conditions and the same is
considered as the material modelling for honeycomb target.
The parameters used in the study are as shown in Table-3.

The Johnson—-Cook (J-C) constitutive relations and
fracture criterion was selected as the material model for
target. The Johnson—-Cook(J-C) constitutive relation scan
describe the behaviour of material subjected to large strains,
high strain rates and high temperatures, sand can be expressed
as

*;.
o= (.4+B;;‘J(1+c:n_—‘:](1 - Ty
]

1)

Where A, B, C, n and m are material constants.

The Johnson—Cook fracture criterion is based on
damage evolution, where the damage D of a material element
is expressed as

D= Epe
71 @
The fracture strain depend on stress triaxiality, strain
rate and temperature, and is given by
<, = (D, + D,exp(=D,0")(1 + D, In&)(1+D,T") | 3)

Where D1 to D5 are material constants, o™ is the

stress triaxiality ratio
A B C [M]1,] T
1380 948 | 0.005 | 1 | 1800 | 293
Dy D, Dy | b,| Ds
0.0001 | 1283 [-1.716| 0 | 0
Table 4: Parameters of Steel 304L target
A B|] C | M| T.]|T
1380 | 948 [0.005| 1 | 1800293

D, | D,| D, | D, | D

-0.09 | 0.27| 0.48 | 0.014 | 3.87
Table 5: Parameters of Ti-6Al-4V target

VIII. FINITE ELEMENT ANALYSIS-1

The impact test is carried out on these honeycomb structures
with Ti-6Al-4V as target and Alumina as target material, the
simulation results are as follows.

Fig. 4: Model of the honeycomb structures
Y’
ms

Fig. 5: Containment results of honeycomb structures with
different core
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Fig. 6: Energy absorption of honeycomb structures
By combining all the results including flat,
hexagonal and circular honeycomb structures, the specific
energy absorption of the each one is calculated and the values
are as shown in the Table 6.

Target Energy absobed (7) | Weaght (Kg) | Specific energy abseebed (TEg
Flar metallic 215543 E63 249760

Circular 25120000 5.55 452612
Hexagonal 154743 540 471746

Table 6: Specific energy absorption comparison

IX. FINITE ELEMENT ANALYSIS-2

In the next part of the analysis the impact test is carried out
on these honeycomb structures with Steel 304L as target and
as target Ti-6Al-4V material, the simulation results are as
follows:

t=3ms
t=6ms
Based on the above results the energy absorption of

t=0ms
Fig. 8: Containment results of honeycomb structures with
the honeycomb structure and metallic flat plate are tabulated

Fig. 7: Model of the honeycomb structures
different core
and these are as shown in Fig-9.
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Fig. 9: Energy absorption of honeycomb structures
By combining all the results including flat,
hexagonal and circular honeycomb structures, the specific
energy absorption of the each one is calculated and the values
are as shown in the Table-7.

Target Energy absorbed () | Weight (Kg) | Specific energy absorbed (JKg)
Flat metallic 25628.7 13.72 1867.98

Circular 32588.6 10.75 3031.49
Hexagonal 38297.1 10.56 3626.61

Table 7: Specific energy absorption comparison

X. CONCLUSION

From this investigation it can be concluded that honeycomb
structure with different core cellular structure showed the best
results for containing the blade. It can also be observed that
the weight reduction in case of honeycomb structure is more
compared to the solid structure which is an advantage of
honeycomb structure and this can be implemented in
aerospace as well as automotive industry. Hence the
honeycomb structures with different materials with
hexagonal core showed good containment capability and the
higher specific energy absorption behaviour compared to
metallic solid plate.
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