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1. BACKGROUND
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2. OBJECTIVES: Flow chart

Low frequency Global model

Modal Analysis of range (Coarse mesh) Shock Loading (Pressure input)
the equipment (Ssu & Mauricio)
High frequency

range .
Apply DDAM’s (Fine mesh)

coefficients — NRL

report ;
p ANSYS | Response of the equipment
Defining reliable Postprocessing
. frequency range and
Shock input values

and SRS mesh size for the model in Displacement- Acceleration-

, ——— transient analysis time hist time hist
ANSYS ime history ime history
ANSYS | SRS =) SRS

Local model : :
Transient Analysis

LS-DYNA

DDAM analysis of the equipment el ANSYS |

Modal superposition and combination NRLSUM REHEREE ANSYS

Response of the equipment & Postprocessing REHEREE ANSYS |
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3. DYNAMIC DESIGN ANALYSIS METHOD (DDAM)

. Based on Shock Response Spectrum (SRS)
theory

. Uses the modal analysis informations Modal Analysis

e Final response is obtained by modal e Modal solution
summation methods * Natural frequencies

e Mode shapes
e Modal effective mass

Shock Response Spectrum

Shock response spectrum calculation
From NRL coefficients or transient analysis
Excitation directions

Shock Design Value Dy (in/sec’)

Frequency (cps)

Response of the Structure

*  Modal superposition
e NRL summation (80% of effective mass)
 Displacement, Stress, strain, forces, etc.

Shock Analysis of On-board Equipment Submitted to Underwater Explosion
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4. SHOCK RESPONSE SPECTRUM (SRS)

e SRS is used to evaluate the peak response of the structures and

. GS - RESPOMNEE (In = 30 Hz, O=10) m :
Maximum G2 G - !
acceleration 1 X |
response (80 Hz, 82G)
100 '
(3042, 855 | b ke NN
A 007 1 I T B I
O oo o b
B ogliii :/{:::::: : SR
Q R | R
G G 2 i AR R R
Acceleration ] /
response ) g
\ U W conv o
|;| ™~ g 2
r H oo '
: %l ?
g = 1
noZp En Zn En B { : .
- : 5 10 100 1000
Transient Spring-mass system
T T T NATURAL FREQUENCY (Hz)

shock input

Building of shock response sprectrum

Shock Response Spectrum Generators
e MATLAB® (Acceleration time-history )
* ANSYS (Displacement time-history )
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5. DDAM ANALYSIS OF A CANTILEVER BEAM

|
T T Main Properties of a Cantilever Beam
| ur
! 1 72 (in) 1.8288 (m)
| i
| 4.64 (in) 0.117856 (m)
|
2 || 1 (in) 0.0254 (m)
|
: 2,9e7 (psi) 2el11 (N/m2)
i Z 0.00073 (Ibf-s2/in%) 7803.7 (kg/m3)
| .
! | : Nastran - Element Nastran - Element Nastran S.OUD- ANSYS, SI lfmt’
Reference . . Element size — Element size-
. e size - (0.2 m) size - (25.4 mm) (12.7 mm) (25.4 mm)
 Modal analysis cde o : : : o o
. . Radians  Radians Discr Radians Discr Radians Discr Radians Discr
o Part|C|pat|on factor (rad/sec) (rad/sec) ) -~ (rad/sec) " (rad/sec) ’
. 1 181.7 179.6 1.2% 181.9 -0.1% 180.5 0.7%
[ ]
MOdaI EffeCtlve mass 2 1134 1094.3 3.5% 1118.9 1.3% 1109.6 2.2%
e Percentage of the modal 3 31761 29575  6.9% 30453  4.1% 30184  5.0%
4 6223.4 5528.8 11.2% 5745.3 7.7% 5689.4 8.6%

effective mass 2o
Shock Response Spectrum along transversal x-direction

60.00
0]
. . . . C
* SRS is obtained by NRL coefficients 2 0%
e Shell mounted, Surface ship, Elastic 2 o0
§ .
* Final displacement response 0.00
181.88 1118.85 Rad/sec 3045.29 5745.30
i [ S O PR Nastran — SOLID-Element size — | ANSYS, Sl unit, Element
25.4 mm 12.7 mm size- (25.4 mm
WELICIEREEEEIE  Total displacement . Total displacement . Total displacement . . Total .
. Discr. . Discr. . Discr. displacement  Discr.
BTN - - - -
(in/ m)
¥P8  o0.0056 022  0.0056  -0.20% 0.22 0.0056  -0.30% 022  0.0055  0.60% 0.0056 -0.30%
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6. SHOCK ANALYSIS OF AN ANTENNA STRUCTURE

NRL Coefficient DDAM analysis

Transient analysis
(Direct integration method)

DDAM analysis from time history

Cross section of the antenna is square beams assembly
<

210000
p (kg/m3) 7810
0.3

800
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6.1. NRL Coefficient DDAM Analysis of the Antenna

e  Percentage of the modal effective mass Mmm
direction

0
passes % 80 at each direction Frequency  Percentage of the modal

(Hz) effective mass

. 250 Hz as an upper level in DDAM

P 11098 954 0 0
.. : R s 0 9469 0
*  NRL cofficients are taken into account for BEE 0 o o
deck mounting system and hull mounting = Lo L ¢ 0.36
180.45 0 1.49

system in a surface ship D 18936 142 0 0

197.75 0 0 0
R 2262 0 0 89.94

Total percentage of the 9687  96.18 903

modal effective mass

i \\’ - | \ "\
— 1 = . 1
X directed shock- [X directed shock-Hull| Y directed shock- |Y directed shock-Hull| Z directed shock-Deck |Z directed shock-Hull
Shock response at
Deck mounted mounted Deck mounted mounted mounted mounted
Total Displacement . . . . . .
0-5 Dispppam-nrL-y-HuLL 0-5 Dispppam-nRL-y-HutL 0-5Dispppam-nrLy-HuLL | Dispopam-nriy-Hutt | 0.42 Dispppam-nriy-Hutt  0-83 Dispppam-NRL-y-HULL
Maximum Von-Mises
Stress (MPa) 0.54 oppam-NRLy-HULL  0.54 Oppam-NRLy-HULL 0.5 OppAM-NRL-y-HULL ODDAM-NRL-y-HULL 0.32 GppAM-NRL-y-HULL 0.63 OppAM-NRLy-HULL
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6.2. Transient Analysis of the Antenna

Pt | Dimension(m)|

e Asimplified ship structure
- o . Around 100
. Structural properties are similar to a frigate Around 15

e Added mass is applied by Lewis coefficients
e Three different transient analysis are carried out

e  Global model (Coarse mesh) and section model
(Fine mesh) approaches are applied

e  Global models have only finer mesh around the

equipment
1:Global model - 200 mm element 2:Global model - 50 mm element 3:Section model - 50 mm element
size around the equipment size around the equipment size all over the structure

L e
. S,

T ]
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6.2. Transient Analysis of the Antenna

. Pressure field due to UNDEX is applied to | nitialconditons _______

the hull of the simplified ship TNT charge mass, mc=300 kg

The maximum pressure load in the middle and bottom of the hull

Distance from explosive to free surface, di=54.74

Distance from explosive to standoff point, r=50m

Density of the explosive, pc= 1600 kg/m3
g Shock factor=0.447
>
8 wi
3
g = Element in the middle and bottom of the hull
o
50m
A
0 0.2 0.4 0.6 08 1 1.2 14 )

" Time- sec

All simulations are carried out using elastic behavior law

Global model, coarser mesh Global model, finer mesh Section model fine mesh
Transient Analysis
(0.2m) around equipment (0.05m) around equipment (0.05 m)

Total response of the equipment
. . 1.95 O max-trans-section model 2l O max-trans-section model Omax-trans-section model
( Max-Von-Misses stress) in MPa

. Results in the global models are completely unrealistic.
. In the global models, the flexibility of structure is not modeled correctly in high-frequency
. The results in the section model seem to be more realistic

Shock Analysis of On-board Equipment Submitted to Underwater Explosion
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6.3. Comparison between the Transient Analysis and DDAM Analysis

. Section model with fine mesh Von-Mises Stress results comparison in section fine mesh model

is only studied

. DDAM is an alternative
. ==Transient Analysis-Section_Model_Max_Von-mises_Stress
methOd Of the tranSIent DBbAM=TimeHistorytnput-X_directed_shock

DDAM-Time Hic'rnr\’/ Input-Y directed _shock

analysis ©
s DDAM-Time History Input-Z directed shock
Transient-LSDYNA DDAM-ANSYS g . ol I
N
1
A | I LR | —
' v

V) 3 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
" i time- sec
h

Section Model with fine mes DDAM Analysis from Time DDAM Analysis from Time History]DDAM Analysis from Time History
History Input-x directed shock Input-y directed shock Input-z directed shock y

Total response of the equipment
(Max Von-mises stress) in MPa 0.31 Omax-trans-section model 0.96 O max-trans-section model 1.05 Omax-trans-section model Omax-trans-section model

. DDAM gives approximately 5 - 10 % more conservative results than the transient analysis
. DDAM is a very powerful method to define the most critical areas of the structure
. DDAM is faster than the transient analysis

Shock Analysis of On-board Equipment Submitted to Underwater Explosion
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6.4. Conclusions for Shock Analysis of the Antenna Structure

. NRL Coefficient DDAM analysis uses shock design response spectrum

Final maximum stress values in three NRL Coefficient DDAM-Y (Section mode.l fine me.sh) (Section model fine mesh)
) . . DDAM Analysis from Time . .
different shock analysis methods directed shock Hull mounted . . Transient analysis
History Input-Z directed shock

Total response of the equipment
(Max-Von-Mises stress) in MPa 0.77 Omax-trans-section model 1.05 Omax-trans-section model Omax-trans-section model

Limitations of NRL-Coefficients Deficiencies in the transient analysis

. No distinction between the type * The shock input signal is taken from a
and size of ships simplified ship structure model

. No definition about shock factor e A‘dry’ model with added water mass

e Presumes that the shock input inertia by Lewis coefficient leads to very
values are same anywhere at conservative results
defined mounting system * No damping is considered

*  The coefficients are very old and * The propagation of the shock wave
published in 1963 would not be same as in the global

model of the ship.

Shock Analysis of On-board Equipment Submitted to Underwater Explosion
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7. SHOCK LEVELS IN DIFFERENT MOUNTING LOCATIONS

. Different mounting locations are considered in

the section fine mesh model
SRS at y-direction

> —
e —F

\.,/

[9V)
Y -
g ==je=Shell- Mounted Hullmounted-Inner Deck
3
< ==f=Hull mounted- Fist Deck ===t Deck [mounted- Fisrt Deck

L _< Shell Mounted

’ === Hull ' mounted- Second Deck == Deck|mounted- Second Deck

=={Hull nllounted— Top Deck =@--Deck mounted- Top Deck

(; 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
Freg-(Hz)
e  Shock levels decrease from the bottom to top deck of the ship
. Deck mounted systems give higher response than hull mounted systems

Shell mounted systems have the highest response among all mounting systems
e SRS at Z direction has higher shock level than SRS at x and y-directions

Shock Analysis of On-board Equipment Submitted to Underwater Explosion
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8. CONCLUSION

. DDAM is the most convenient and fastest method for shock analysis of the equipments

. The available DDAM-NRL coefficients are old and not convenient for new type of the
ships and warfare

. More realistic shock response spectra should be obtained for DDAM

. In order to get more realistic SRS and results, a transient analysis should be applied to
refined enough mesh models

. DDAM analysis from time history input and transient analysis lead to have similar results

. The same methods can be applied for any type of equipment on any part of the ship

Shock Analysis of On-board Equipment Submitted to Underwater Explosion
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