
Kinematically Roving Autonomously Kontrolled Electro-Nautic



Briefing Overview
·Background 

·Mission objectives

·System design

·Subsystem design

·Structures (STR)

·Electronics (ELC)

·Navigation (NAV)

·Motion Control System (MCS)

·Conclusions
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Background

·0ÒÅÖÉÏÕÓ  ÇÅÎÅÒÁÔÉÏÎ #5 556ȭÓɕ 

·4th Generation CU UUV

·Fully autonomous

·Closed-Loop control

·Image recognition
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Hydro-Buff[1] (02 / 03) - top; RAV[2] (03/04) - bottom

CALAMAR-E[3] (05/06) * Unmanned Underwater Vehicle



Mission Definition
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Dock
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Buoy
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Target

Octagon

·1st Generation AUVSI* Competitor

·Maintain heading through gate

·Ȱ$ÏÃËȱ ×ÉÔÈ ÂÕÏÙ

·Follow dashed line

·Locate target

·Surface within octagon

*Autonomous Unmanned Vehicle Systems International

~ 6ft (1.82m)

Scale



Top Level Requirements
·Project Requirements

·Weight < 84 lbs. (38kg)

·Locate and orient 2 unique 
objects

·4 DOF* motion

·Autonomous control

·Integrate Vortex Ring 
Thrusters (VRTs)

·System Requirements

·Depth: 4 ft (1.22 m)

·Operate for at least 15 min

·Determine inertial motion, 
relative heading, depth

·Capable of following rates:

· 1.36 ft/s (.4167 m/s) - fwd

· .108 ft/s (.033m/s) ɀrwd, 
up, down, lateral

· 4 [deg/s], yaw 

·Compute desired action 
based on sensor data
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* Degrees of Freedom



University of Rhode Island;  RAM-Boat 8 [6]

Design Options
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University of Florida; SubjuGator 2007[8]

Cornell University; Proteus 2007[7]

Bluefin Robotics; Bluefin-21[5]

Woods Hole Oceanographic Institution;  HROV[4]

Glazed Doughnut; 

KRAKEN Design Option
Box;

KRAKEN Design Option

·Design Considerations

·Sealability

·Manufacturability

·Passive Stability

·Experience

·Available Equipment

·Endurance

·Cost

·Performance

Dual Tube;

KRAKEN Design Option

Spheroid;

KRAKEN Design Option



Preliminary Design
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·Windows on Mini-ITX dual core 
processor

·MATLAB & Simulink

·PID control

·Least squares sensor blending

·State machine autonomy

·Closed Hull

·Passive Stability

·Motion Control

·4 ɀVRTs

·2 ɀVertical thrusters

·1 ɀForward thruster

GrossMass: 84 lbs (38 kg)

Dimension(L x D): 3.84 ft X 0.667 ft
1.17 mX 0.203 m

AR (L/D): 5.76

Max Design Speed: 3.57 ft/s
1.087 m/s

Max Design Depth: 24 ft
7.3 m

Quick Facts



Preliminary Design Options 
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(STR)
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Design Options - Hull
·Design Specifications:

·Dissipate 590W of heat

·ID* > 7.5 in (.109 m)

·Passive stability: Pitch & Roll

·Design Considerations:

·Visibility / Integration

·Low drag

·Manufacturability

·Design experience

·Design Budget

·Mass < 25 lbs. (11.33 kg)

·Volume < 15% of Vdisp

·Cost < $550
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ÅHigh volume efficiency

ÅIncreased stability

ÅOptimal accessibility

ÅLarge mass

ÅReduced internal volume

ÅDifficult hydrodynamic model

* Inner Dimension about VRTs

ÅDeformation resistance

ÅMitigated integration concerns

ÅLow mass

ÅDifficult hydrodynamics

ÅAdded machining

ÅAdditional sealing

Box Design

Tube w/ appendages design

ÅImproved hydrodynamics

ÅDeformation resistance

ÅDesign experience

ÅLow mass

ÅLimited accessibility

ÅAdded machining
Tube Design



Preliminary Design - Hull
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Design driven by analysis of design -to specifications

·Tube Design Option

·Al (6061-T6)outer sections

·Clear Acrylic center section

·OD = 8in (.203m); Al & Acrylic

· ID = 7.75in (.197m) ɀAl

· ID = 7.25in (.191m) - Acrylic

·Quantitative results

·d = .905in (.023m)  

·Max Pressure: 27.4 psi (189 kPa)

·CDS:  241 in2 (.1556m2) [9]

·Cost: $436

·Heat Dissipation:  > 2500 W

Stability Assumptions:

ÅBatteries act as pt. mass at r

ÅCB acts at cylinder centroid

ÅOther masses act in CB Plane

Buckling Assumptions:

ÅThin wall pressure vessel; 10t < L

Qgen

Qcond = Qgen

Where:

Thermal Assumptions:

ÅStill water surrounding vehicle

ÅAll heat sunk directly to hull


