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Theory
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Theory

= Underwater detonation
= Shock wave

= Gas bubble P(t) —

= Reflections

= Structural responses
= Plastic deformation

= Natural frequencies

= Numerical methods |
= Modelling ;1 \

= Coupling between solid and fluid




Theory

= Underwater detonation Ry — K6 - (W1/3/(D 4 9.8))1/3

=  Shock wave

- Gas bubble T =K5- (W1/3/(D + 9_8)5/6)

= Reflections

3rd l?ubble
= Structural responses e maximum
- Plastic deformation o ~ )
= Natural frequencies 1ot bubble -~

= Numerical methods

" st bubble
. minimum
= Modelling i

= Coupling between solid and fluid

* Waterdepth

1st bubble
pulse

2nd bubble
pulse
Hydrostatic /\

pressure &_/ ]
Time
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Theory

= Underwater detonation
= Shock wave ))))
Gas bubble
Water surface

= Reflections /\/—\/\/

= Structural responses R

Surface reflection *.

= Plastic deformation shock-wave ’7(//

- Compressive (((( - Tensile
shock-wave shock-wave

~

= Natural frequencies ‘., Cylindrical object
= Numerical methods Direct shock-wave )))) N
= Modelling L

= Coupling between solid and fluid
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Theory

= Underwater detonation

= Shock wave o P T
= @Gas bubble O(P - h . ]
= Reflections / Y
Ox
= Structural responses ox

= Plastic deformation

= Natural frequencies

= Numerical methods
= Modelling

= Coupling between solid and fluid



Theory

= Underwater detonation
= Shock wave
= Gas bubble
= Reflections

= Structural responses
= Plastic deformation

= Natural frequencies

= Numerical methods
= Modelling

= Coupling between solid and fluid




Theory

= Underwater detonation
Shock wave SSA
Gas bubble
Reflections

* No modelling of water domain needed

e Based on theoretical equations
= Structural responses

Plastic deformation

Natural frequencies

S-ALE

e Modelled water domain
e Modelled detonation
* Computationaly heavy

= Numerical methods
= Modelling

= Coupling between solid and fluid




Theory

= Underwater detonation
Shock wave SSA
Gas bubble
Reflections

BEM — Boundary Element Method

= Structural responses
Plastic deformation

Natural frequencies

= Numerical methods

S-ALE
= Modelling

= Coupling between solid and fluid FSI — Fluid Structure Interaction
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Project stages

Sub-Sea Analysis

h 4

= Modelling in LS-Dyna
= Increased complexity

= Experiments for validation

2

Multiphysical analysis with
SSA

3

Multiphysical analysis with
full detonation process

h 4

' )

Execution of experiment

\

\ 4

Validation of models

J

>

>

Detonation: Fluid domain:
*LOAD_SSA Not needed
Detonation: Fluid domain:
*LOAD_SSA S-ALE
Detonation: Fluid domain:
*HIGH_EXPLOSIVE_BURN S-ALE




Experiments

= Three series
= Varied distance to charge

= Varied weight of charge

0.69 m 0.85m
N N
0.45 m
Z
Y,
09 m/| oo @ L W [ S [ S &--&--‘--o.-# ------------------------------ v
1:1 1:2 1:3 1:4 1:5 2:1 2:2 2:3 2:4 2:5
3:3 31
3:4 3:2
v
4 m



Experiments

= Three series

= Varied distance to charge

Experiment | Distance to detonation [m] Weight for charge

= Varied weight of charge 11 2.50 wl
1:2 2.00 wil

1:3 1.50 wl

1:4 1.00 wl

1:5 0.75 wl

2:1 0.50 wl

o 009m 0.85 m 2:2 0.40 wl
2:3 0.30 wl

0.45 m 2:4 0.20 wil

0.9 m ’ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2:5 0.15 wl
o ” " a— e 3:1 1.00 w2

" b 3:2 1.00 w3

3:3 1.50 w4

4m 3:4 1.50 w5




Experiments

= Three series

= Varied distance to charge

Experiment | Distance to detonation [m] Weight for charge

= Varied weight of charge

1:2 2.00 wi
1:3 1.50 wl
1:4 1.00 wl
| 1:5 0.75 wil
2:1 0.50 wl
— 0m 0.85 m 2:2 0.40 wl
2:3 0.30 wil
Io.45 m 2:4 0.20 wl
09m ,..* ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | 25 0.15 wi |
; ” " e 3:1 1.00 w2
B B 3:2 1.00 w3
3:3 1.50 w4
4m



Experiments - Setup

/) -
‘z:"/w/ »

Pressure gauge




Experiment — Measuring instruments

Threaded rod

Extensometers

Cable entry

Accelerometer

Measuring direction




Model of test object

= Used for all simulation methods

= Used for all experiments

= Dimensions:
= L=300 mm
= =120 mm
S
= h=1.5mm ‘:‘;‘““““:fi‘:““:“%‘ \::“:‘?-“*&:“‘* SRR

Py
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s N W e
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= Material
= Alu 6060

= Yield stress — 140 Mpa
= Strain at failure — 11%




3 Detonation: Fluid domain:
b AnalySIS ) oA
2
[ ]
E E Multiphysical analysis with Detonation: Fluid domain:
u e EI n y I S - - -

3

Multiphysical analysis with Detonation: Fluid domain
EXPLOSIVE_BURN S-ALL

full detonation process GH

= Validation of analytical calculations

= Simulation of experients

Keyword Input Form

| Pick || Add || Accept || Delete || Default | Done |
[JUse *Parameter [ | Comment (Subsys: 1554 _run.k)

“LOAD_SSA (1)

|

1 Vs DS REFL i} ZSURF  EPsDD[s| Ppsi[e| &
|hsuu.uuuu ||1uuu.uuuuu ||1 v” _0.4500000 ||u.4suuuuu ||1 ||u |

Repeated Data by Button and List

2 A ALFHA GAMMA KTHETA  KAFPA
e e E w m w o
[015 [[o7s [ oo | [ 0.001 | [[0.e5 |
Data Pt. 1
|Replace || Insert |
“ Delete || Help |

Total Card: 1 Smallest ID: 1 Largest ID: 1 Total deleted card: 0




. ~ . Detonation: Fluid domain:
Sub-Sea Analysis o :
B LOAD_SSA Not needed

2

*LOAD_SSA S-ALE

Multiphysics analysis with SSA 777> EE= s

3

Multiphysical analysis with Detonation:
OSIVE_BURN S-A

Fluid domain

full detonation process

= Combination of SSA and S-ALE

= Including physics from water
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Multiphysics analysis with full detonation event

Sub-Sea Analysis

h 4

Multiphysical analysis with
SSA

h 4

= Three materials: Explosive, Water and Air

= Ambient BC along domain boundaries
= Intension to let shock wave travel out of the domain

= Mesh-verification
= Pressure in the fluid
= Stress in the cylinder

3

Multiphysical analysis with
full detonation process




Multiphysics analysis with full detonation event

Multiphysical analysis with ) Detonation: Fluid domain:
full detonation process *HIGH_EXPLOSIVE_BURN S-ALE

= Three materials: Explosive, Water and Air

= Ambient BC along domain boundaries A
= Intension to let shock wave travel out of the domain

= Mesh-verification Water
= Pressure in the fluid t : ,
Explosive Air inside cylinder

= Stress in the cylinder




Multiphysics analysis with full detonation event

3

Multiphysical analysis with ) Detonation: Fluid domain:
full detonation process *HIGH_EXPLOSIVE_BURN S-ALE

= Three materials: Explosive, Water and Air

= Ambient BC along domain boundaries

Air
= |ntension to let shock wave travel out of the domain
= Mesh-verification —_
= Pressure in the fluid } ,
. . Explosive .. . .
= Stress in the cylinder Air inside cylinder
0.5m
___________________________ Water surface
0.6 m 28 m 1.1 growth ratio 0.3 m 14 m
1.1 growth ;ati . Refined mesh H_’QZ( m_g:?wth ratio
1.1 growth ratio
0.3 m




Results & Discussion
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Analytical calculations vs SSA

- Tangential stress - Front

—*— Analytical
. —2m
20 B v - - . . - . . v T 10 m

—16m
. : : . . . ‘ . . —20m
15T i ———26m
—30m
—36m
S |40 m
—46m
—50m

| | | | | |
0 5 10 15 20 25 30 35
Time [ms]

Results & Discussion



Pressure study

= Normalized towards experiments Pressure

Experiment

= S-ALE underpredicts pressure 09} Analytical
= Smaller difference for larger explosive charge | |

= Experiments och Analytical
= Good aggrement to approx. 30% of Pmax

MMM

1 0,94 0,25
1,5 w4 1 0,55 0,35
1,35 wl 1 0,80 0,19 - — : :
0,75 wl 1 0,99 0,13 0 0.25 0.5 0.75 1

Time [ms]

Results & Discussion



Case 1:5 — Detonation event

= Distance 0.75 m

= Expected contact with bubble

Results & Discussion



Case 1:5 —Experiment

= Shock wave = 1st Bubble pulse
= Possible snatch from strings = 2nd Bubble pulse
%1078 Strain Case 1:5 Acceleration Case 1:5 Pressure Case 1:5
500 —— . - - . 200 ———— .- . : 12— - - s
|1 | ——EXP Top |l | | | I | |
R | oot e | | ] | |
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..... 08l
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S ‘ () 173
) | 8 | © o4r | I | |
g sor ] * | | |
250 | | -100 | | . | 0.2r | . |
| | | |
| 450 | | h 8 i R R | |
500 L . . . oo L | | L. oo L] ! | . .
0 20 40 60 80 10( 0 20 40 60 80 100 0 20 40 60 80 100
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Results & Discussion



Case 1:5 — comparison

= SSA has a clear bubble pulse effect
= Oscillations correlates to natural frequencies

= S-ALE oscillates
= Reflections

= Natural frequencies
= Experiments and SSA has similar magnitude

<10 Strain Case 1:5 x10°® Strain Case 1:5 %107 Strain Case 1:5
500 T T T TT T T 500 T T T TT T T T Wl T T T T T T T T
| [ | ——EXP Top ——SSA Top 3000 f] e e S-ALE Top
B | —— EXP Back ——— SSA Back . Prbael bk S-ALE Back
| ——— EXP Bottom ——— SSA Bottom 5 R R RN SR R, — SALE _B°t_t°_"_‘ |
50t || | 250 | ! - 000 ] | Pl |
| | | |
- 1000 || |} 1
- | ,‘ | - | : | ]
g 0 ‘\ ‘}‘ ‘ g 0 l el E‘S 0 | Il ¥
2 | 2 | &3 i
| | -1000 (| (| J1
-250 + | | -250 . | N 2000 _l | :
|l | | 2000
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_500 | 1 1 |I _500 1 1 1 |I I |I 1 1 1 1 1 1 1 |
0 20 40 60 80 100 0 20 40 60 80 100 0 5 10 15 20 25 30 35 40 45
Time [ms] Time [ms] Time [ms]

Results & Discussion



Case 1:5 — comparison

= SSA has a clear bubble pulse
= Oscillations correlates to natural frequencies

= S-ALE oscillates
= Reflections

= Natural frequencies
= Experiments and SSA has similar magnitude
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Case 1:5 —S-ALE bubble

= Bubble radius
= 0.8 m analytical

= 0.2 m with S-ALE

= No contact with the bubble

= Can be due to the distance to the
water surface

Results & Discussion



Case 2:5 — Experiment

Results & Discussion



Case 2:5 — Experiment

t=0.16 ms t=0.24 ms t=0.32 ms

Results & Discussion



Case 2:5 — Numerical results

= The bubble collides with the cylinder Displacement in y-direction, from detonation point
= SSA displaces it 0.1 mm

= S-ALE displaces it 70 mm

t="7.7ms

Results & Discussion



Conclusions
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Conclusions

= Natural frequencies have a significant impact on the results

= SSA
= No damping function from the water
= Only models the load applicaton as analytical functions
= Only accounts for the first bubble pulse

= S-ALE
= Difficult to avoid reflections at the boundaries
= Load transfer to cylinder aggreable with experiment
= Better pressure resolution can be obtained for larger explosive charge

= Large impact of how detailed the structure is modelled

= Experiments are sensetive to disturbances

Conclusion



Future work
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Future work

= More experiments
= Larger water domain
= Stiffer structure

= SSA
= Validate with upscaled experiments
= Mass scaling to account for water
= Combine with S-ALE

= S-ALE
= Investigate BCs with no reflections
= Validate with experiments with increased charge load

= Model the test object more accurate



Thanks for listening!
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