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Objectives

« The primary objective of this study Is to
minimize the effect of impact blast In
pressure vessels and safe transportation
of the high explosive materials.

e To study the response of blast loaded
composite cylinder with a Inner steel
liner,and to compare the results from FEA
with the experimental results.




The parameters of interest

Peak Tensile Strain in the circumferential direction:
€

Peak Compressive Strain in the circumferential
direction: €,

The time to reach the peak tensile strain in the
circumferential direction: t,

Peak Tensile and Compressive Strain in the
longitudinal direction: e,

Radial oscillation fundamental tone period: T

The peak circumferential strain rate: de,/dt
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Modeling

e The model,open ended
cylinder is modeled using

ANSys. PNl == =
I |'|I|Ir 4 .-h;::i'\kll' T ’*'eﬂlfmn _T_‘I_
» The outer diameter of the ([ o )| =" o ™ |
. . oy .f'f HE: TH 550
Cyllnder IS 86.1mm and N — v
the inner diameter is 75 v e
mm

e There Is Inner steel liner
of 1 mm thickness
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Ansys Mode|
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Meshing Technique

e The model was simulated for two different
environments.

 First with composite cylinder meshed as
solid elements and inner steel liner as
shell elements.

e Second, with both composite cylinder and
iInner steel liner as solid elements.




Meshed Model

The model showing meshing of shell elements
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Meshed Model

Meshed model showing uniform square grid containing both shell
and solid elements
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Improved Mesh

* The mesh Is remeshed for
more elements In the
thickness direction,to see
the impact of blast on the
outer cylinder.

e There are three elements
INn the thickness direction.
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Material properties

Element Type Ivlaterial Wlodels | Duiaterial Properties

F,=1544 GPa

Linear E; (thickness direction) = 14 GPa
Solid 164 (outer compozite | Orthotropic Ey, =48.54 GPa

cylinder) Gy = 0.045 GPa

(=3 GPa

Gz =3 GPa

iy =0.098

e =R = 0.3

Densty = 2.06 glom®

ahell 163(Imer Steel Liner) Density = 7350 kg'm®
Linear [sotropic E=2000Gpa
=13

NOTE:
The Sl units were used consistently throughout the input deck: Length [m], Mass [kg],
Time [ms], Density [kg/m3], Modulus [GPa] and Strength [GPa]
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Control cards
For Environment - 1

e |n order to model the blast effects In Ls-
dyna,conwep function is used.

* Following three control cards are essential

to invoke conwep function:LOAD__ BLAST
,LOAD_ SEGMENT or LOAD_SHELL or and
LOAD_SEGMENT_SET.




Control cards (contd.)

*LOAD BLAST

5 WGT ¥BO YBO ZBO TBO IUNIT ISURE
R L . B . i it TR TR SRR, B

___+____3
0.051598 0 0 0.15 0 2 2

*LOAD_SHELL SET

$(Defines vhich shell to apply *LOAD BLAST)
L et e e e e e Bmtt e B

___+____H
5 5ID LCID SF aT
) -2 -1 1]

*SET_SHELL LIST GENERATE
e L . Bl o CEEEEEEI, EEEETSSE ST

___+____3
5 5ID il A2 ]k Iid
999
1 168
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Control Cards For Environment -2

e The control cards used in case of both solid
elements are LOAD BLAST , LOAD_
SEGMENT and LOAD_SEGMENT_ SET.

« LOAD SEGMENT Is obtained by applying
pressure on the surface on which the blast
will be created, this is done in hyper mesh .




Load Segment
Denotes the segment on which
pressure Is applied.

*LOAD SECGHMENT

-z =1.000 a_aoo 2 1 15 1
-z =1.000 a_aoo S0Z8 2027 1 £
' -1.000 0. 000 7ad 7a3 2000 1333

' -1.000 0. 000 055 7ad 1333 1353




Blast Card

*LOAD ELAST

- T ezl TE( zhl TED ITNIT ISTEF
05138 I I 0.1% I £ £

; CFH CFL CFT CFP
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Blast Material

e The actual blast material used IS a
combination of HE & TH

« TNT equivalent of HE is =Correction factor*mass
of HE

e Correction Factor used =1.13
 Mass of HE = 46.0 grams
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Stress Contours Enivronment-1

TRE+008
E+008
E+008
E+008

2 450E+008

JAE+008
E+008
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Stress Contours Enivronment-1

0NOY eybease 1: Time = 0.000000

4l4 Euu:g:
milite

L IR3EH0E Z

TRAAE+002

3.045E+008

2 43BE+(08
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Strain Contours Enivronment-1
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Strain Contours Enivronment-1

""”“t" Euhcaﬁﬂ Time = 0.000000

TE-003

41E- 103
L-,;;' E-00;
3281 E-003
?" E-|‘||'|:E:
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Effective Strain Enivronment-1

5-DNA user imput
0.003999 Fringe Levels

f Effective Stress [w-m) 2 grres 008
ipt. value GrResET R o
6,34463e+006, at elem# 335 2.636e+008
32e+008, at elem 398 ]
2.351e+008 _
2.06%c+00RB
S e+008 _
AN3e+0DB
L0 Fe+008 _
 9.217e+007 _
6.352c+007
3.493e+007F _
6.345%e4+006 _
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Strain Vs Time
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Results Enivronment-1

Test Parameters Expertental Ls-dyna Results
Eesults
Cammp. Thick. .6 f1.6
h [mmn
4.1 5198 with scale factor =
Mo Il 11%)
Peal: Tensile 044
Hoop Stram 29
Z ]
Time to Q0 27
Feach £,: 432
T [#s]
Feak Conmp. 0158
Hoop Stram -14
£ [%]
Feak Long. 383
Strain, 1.85
£ %]
Period, T [#] 112 <0017
Max. Hoop 769
S train Fate [1/s] 21
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Stress contours

LS-D%MA user input .

Time = 0.00061998 Fringe Levels
Contours of Effective Stress [v-m)

min=1.05619¢+008, at elem# 3623 1.754e+009 _
max=1.75391e+009, at elem# 14101 1.589e+009 _

1.424e+009 _
1.259e+009 _
1.095e+009 _
9.298e+008 _
7.649e+008 _
6.001e+008 _
4.353e+008 _
2.704e+008 _
1.056+008 _
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Plastic strain Environment-2

L5-D%NA user input ]

Time = 0.00097997 Fringe Levels
Contours of Effective Plastic Strain

min=-0.00255333, at elem# 1589 1.050e-004 _
max=0.000105017, at elemdt 15761 -1.608e-004 _

-4.267e-004 _
-6.925e-004 _
-9.583e-004 _
-1.224e-003 _
-1.490e-003 _
-1.756e-003 _
-2.022e-003 _
-2.287e-003 _
-2.553e-003 _
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The plot for calculating peak Hoop
tensile strain.

i_"_ FI. =
0.016 LoD MA user |r||JT|[ . |

Elemant Mo

0 (4 ' ! ! ! ! 4 A 4164
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Results Enivronment-2

Test Parameters FExperimental Ls-dyna Results
Results {From Project 2 Fefined
MMesh)
Conp . Thicle
Iy [rom f.1 f.1
My [2] 48.0 51 Dﬁ(mtlisic?:lle factor =
Peal: Tensile
Hoop Strain 29 14231
£1 [%0]
Tie to
Reach ? 1 431 ]
a[? s]
Peal: Conp.
Hoop Strain -14 -1.6003
£ [%0]
Peal: Long.
Strain, 185 0.554
£3 [o]
Period, T [us] 112 254
Max. Hoop
Strain Rate [Lis] 891 662
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Plot for peak longitudinal strain

& L5 DY NA user ingul
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Conclusions

 The results from the mesh with one component
as solid elements and other as shell elements
had huge deviations from experimental results.

e The mesh with both components as solid
elements(Enivionment-2) gave more close
results to experiments.
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Conclusions cont’'d

o Comparison of the experimental data and the
computational data shows there Is some
discrepancies In the magnitude of the
parameters under consideration.

 The reasons for such variation in results may
be afttributed to the discrepancy of conwep
function In interpreting the TNT equivalent of
HE.
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