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Purpose of the Study

• Increase the operational effectiveness of 
IMPACT35 through the study and 
characterization of real-world naval mines.
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Introduction

• Mine Warfare
• Mine Impact Burial Prediction 

Models
• Mine Countermeasure Systems

Brief History
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Big Bang for the Buck

The Poor Man’s Navy

Big Bang for the Buck
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Mine Countermeasures

•Mine Countermeasure operations are difficult.
•Time is the target not equipment or people
•Most mines possess complex magnetic, acoustic, 
and pressure triggering.
•Significant challenges still remain in the 
surveillance, reconnaissance, detection, and 
neutralization of mines. 
•The primary challenge is to determine exactly 
where the waiting mines are located 
•Attempting to obtain accurate data of potential 
enemy shores may not be easy 

Mine Countermeasure
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1-Dimensional IBPM developed in 1980 by Arnone
and Bowen (improved later by Satkowiak in 1988)

Primary Weakness: Assumes a cylindrical shape 
with a constant mine orientation as it falls.

Impact Burial Prediction Model (IBPM)



UNCLASSIFIED

UNCLASSIFIED

IBPM Overview

• 2-Dimensional Model (IMPACT 28) developed by Hurst 
in 1992.

• Contained two momentum equations (in x- and z-
directions) and a moment of momentum equation (in the 
y-direction). 

• Able to predict the mine’s COM position in the x-z plane 
and the rotation about the y-axis.

IBPM
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IBPM Overview

• 2-Dimensional Model Weakness: Very difficult to 
include fluid motion, as any fluid motion in the y-
axis broke the two-dimensional plane.

• Latest iteration of IBPM, IMPACT 35, is 3-D.
• With full physics, the model contains three 

momentum equations and three moment of 
momentum equations, predicting the mine’s COM 
position in x,y, and z space and the rotation 
around all three axes.

• Significant improvement of three-dimensional 
modeling over two-dimensional.

Advances of IBPM
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“Full Physics Equations”

Momentum Equation:

g is the gravitational acceleration
is the shape volume
is the rigid body density
= m, is the shape mass

Fh is the hydrodynamic force
Fb = - is the buoyancy force

is the water density.  
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Mb and Mh are the buoyancy and 
hydrodynamic force torques. 
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Full Physics of IBPM
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2D Versus 3D IBPM 
NRL/NSWC-Caderock Experiment 2001
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2-D vs. 3-D Model Accuracy2D Versus 3D Burial Depth Prediction
Using NPS MIDEX Data
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IMPACT35 Weakness

• There is but one significant weakness of this 3-D model:  
Assumes the shape is CYLINDRICAL.

• If the model is to be used operationally, this is a big 
problem as the most widely-used bottom mines such as the 
Manta and the Rockan are not cylindrical. 

• Determination of the hydrodynamic force and torque for 
non-cylindrical mines is crucial, but there is no existing 
formulae for these.

Weakness of 3D IBPM (IMPACT35)
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Enter MIDEXII

• Direct continuation of IBPM testing process

• Use of scaled models representing real-world, 
non-cylindrical shapes to gather water-phase 
trajectory data.

• Ultimate goal is to make data available for follow-
on IBPM modeling work.

• Four shapes tested : Sphere, “Gumdrop,” Manta, 
and Rockan.

Non-Cylindrical Mine Shape



UNCLASSIFIED

UNCLASSIFIED

The Italian MANTA

• Anti-invasion bottom 
mine.

• Glass-Reinforced Plastic 
(GRP) casing

• Triggered acoustically or 
magnetically

• Shelf life:30 years
• Active life: 17 months

Diameter: 0.980 m
Height: 0.440 m
Weight: 220 kg
Charge: 130 kg (HBX-3)
Operating Depth: 3-100 m

The Italian Manta
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The Swedish ROCKAN

• Anti-invasion bottom 
mine

• Acoustic and magnetic 
triggering.

• GRP “gliding” case.
• Anechoic coatingLength: 1.015 m

Width: 0.800 m
Height: 0.385 m
Weight: 190 kg
Charge: 105 kg (Cemtex)
Operating Depth:  5-100 m

The Swedish Rockan
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Manta
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Rockan
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Trajectory Patterns
The Sphere and Gumdrop Shapes

Trajectory Pattern Description

Straight-Arc The shape follows a vertical path until 
roughly –100cm, then it follows a 
smooth arc away from the Z-axis.

Curve-Arc The shape follows a curved path in a 
smooth arc away from the Z-axis.

Slant The shape travels basically in a 
straight line angled off of the Z-
axis/surface intersection.
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Trajectory PatternsSphere and Gumdrop Shapes
Trajectory Patterns
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Trajectory PatternsThe Manta Shape

Manta Trajectory 
Pattern

Description

Flat Spiral The shape falls with its bottom side 
basically parallel to the X-Y plane and 
following a spiraling path.

Side Twist The shape falls with its bottom side 
perpendicular to the X-Y plane with the 
top side turning about the bottom in an 
alternating clockwise and anti-clockwise 
motion.

Erratic The shape falls in a flipping 
combination of side and flat spiraling 
and twisting.
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Trajectory Patterns
Manta Shape: Trajectory Patterns
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Trajectory PatternsThe Rockan Shape

Rockan Trajectory 
Pattern

Description

Flip-Dive-Flat The shape flips once, goes into a 
vertical dive and settles into a slowly 
spinning horizontal orientation for the 
remainder of the drop.

Flat Spin The shape immediately settles into a 
slowly spinning horizontal orientation 
and remains so for the whole of the 
drop.

Swoop-Flat Spin The shape makes a “U” swooping 
motion upon entering the water, after 
which it settles into a slowly spinning 
horizontal orientation.
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Trajectory Patterns
Rockan Shape: Trajectory Patterns
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Trajectory Summary
Trajectory Pattern: Summary

0.22Slant

0.56Curve-Arc(9 total drops)

0.22Straight-Arc1.462sGumdrop

0.00Slant

0.38Curve-Arc(13 total drops)

0.62Straight-Arc1.796sSphere

ProbabilityPatternAverage Time to –
250cm Z

Shape
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Trajectory Summary
Trajectory Pattern: Summary

0.50Swoop-Flat Spin

0.14Flat Spin(14 total drops)

0.36Flip-Dive-Flat4.688sRockan

0.20Erratic

0.40Side Twist(15 total drops)

0.40Flat Spiral3.703sManta

ProbabilityPatternAverage Time to –
250cm Z

Shape
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The Big Payoff
-12+ Mb of data for 51 drops.
-- Sample Data Section Below:
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MIDEX II - Conclusions

• Next step of ongoing process to understand and predict the 
various parameters that affect a mine’s water-phase trajectory.

• Observed trajectories were highly variable.

• The Manta and Rockan shapes’ trajectories were generally 
more complex than the Sphere and Gumdrop trajectories.

• The denser Gumdrop shape had the fastest and straightest 
drops overall.

• Because of important factors, the dispersion of all four shapes’
impact points was wide and variable.

Conclusions
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Future Work

• More realistic Manta and Rockan mine shapes 
(with detailed inner modeling)

• Larger scale versions of the Rockan to more 
closely mimic “gliding.”

• Changing the water column (e.g. adding currents 
or turbulence)

Future Work
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IMPACT35 Future Work

• The trajectory information gathered in MIDEX II needs to 
be compared with the results of IMPACT 35 using the 
same initial conditions.  

• Chaotic features of MIDEX II trajectories should be 
investigated with instability and predictability analyses.

• Differences and similarities with IMPACT 35 can then be 
used to generate the next iteration of the IBPM.

Future Work


