Designing and Building Center
Console Boats — A Case Study
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Bristol Harbor Group, Inc.

» Started by four friends in
1993 while still in
college.
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» Became self sufficient
(read self employed) in

1997.




Bristol Harbor Group, Inc. cont.

» Design everything from 18’
fiberglass power boats to

400’ long oil tankers.

» Currently employ twelve
naval architects and |
support staff.

» In 2005, partners looked
into all manner of business
opportunities for
diversification from naval
architectural
services...Bristol Harbor

Boats was born.




First Decisions

What type of boats to
build?

What style to build?
What size to build?

How much money are we
going to need?
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The classic shear of the Bristol Harbor 21 will stir your soul.
Below the waterline, the deep forefoot develops into a 17-degree
deadrise at the transom, providing a smooth, dry ride. The
efficient hull design of the Bristol Harbor 21 will easily achieve
40 mph with a 150 hp engine, minimizing fuel consumption

and maximizing time on the water.
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Always wear a personal floatation
device while boating and read your
owner's manual




Market Analysis

3.2 Annual retail unit sales estimates
572.300 new boats were sold In 2009: kayaks \ed unit sales followed by ouloard boats
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Style Options
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~ BRISTOL 21 C.C.




The concept for Bristol Harbor Boats was developed
around an innovative supply chain.

Rhode Island company, but only do in the State that
which makes SENSE to do in Little Rhody:

Design

Market

Assemble

Rig
FRP (fiberglass) work done by a third party.

Innovative supply chain, boat parts fit INSIDE standard
53’ trailers (one of which is the hull itself).

Parts are offloaded and assembled in our final assembly
facility in Bristol, Rhode Island.



nitial Dealer Network

~ saiatoga
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Amsterdam




Design Elements

» K.I.S.S.
» Family Fun

» Minimal
Maintenance







Hull

Bristol Harbor Group,
Inc. employed its years
of experience to design

the modified deep-vee
hull.

Modified deep-vee hull,
17° dead rise at transom,
21° amidship.

Hard chine

Deep forefoot

High gunnels




Laminate

Schedule

BOTTOM LAMINATE
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Weight
Estimate

Tedious

Brute force effort

Often most junior task
However, it has to float!

Very important for
EVERY design

Margin, margin, margin

This one came out
within several pounds,
which was luck (best
+/- 2%), nonetheless,
we took this as a good
omen.
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Hull Plug

Computer model sent to
Boeing subcontractor
and plug for tooling was
milled out of 22’ block
of foam.




Tooling
Development

Hull plug sent to
laminating
subcontractor for
finishing.

Laminating
subcontractor
responsible for building
all tooling (ensuring
that parts fit together at
the end of the project).




Structural
Grid

One piece grid makes
up all of the structural
components for the
boat.

Hollow stringers save
weight without losing
strength, and hollow
longitudinals serve as
rigging tubes.

Cavities outboard and
forward filled with
closed cell floatation

foam.
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Center
Console

Combining modern
curves with a
traditional hull sheer
line.

Mock up to determine
optimum use of space.

Can accept up to a full
10” integrated display.

Head space also
provides excellent
access to the batteries
and electronics.




Parts




21CC Sea Trial

Bristol Habor 21 CC Sea Trial

0 1000 2000 3000 4000  S000 €000

Date: August 14, 2007
Time: 1100
Weather: flat calm, wind from NNE @ 8 knots
Load: 1 POB, 31.875gal luel (85 gal tank), safety equipment
Propeller: 1434 X 17"
Heading: 348° 168% Average
Revolutions. Speed Congumption Speed Congumption Speed Consumgtion Range
QPu &PH) EH-I) w-l) {GPH) ‘_M’H) EPH) miles)'
2000 90 1] 9 ; 9 ; 795!
2500 11. 11 11 L 440
3000 14. i 15. 14. 1 420
3500 20. 7 20. 20 B 454
4000 24 25 24 3 403!
4500 29. 29. 29.4 L 366.
5000 33. 33 334 4 330
5500 36. 11, 37. 36. 7 262
5680 38, 138 38 138 38, 138 231
1. based on 84 gal
0o 50 10.0 150 200 250 300 350 400
MPH
Speed and Fuel Consumption
400
360
w4
x 250
[C)
2w ft—m——————— —=Speed
E —=—Consumption
= 150




Common -
Tooling
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Hull mold for 21CC is Q/ BE R
also used for the 19CC \ \ T
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19CC and 21CC Models







USCG TESTING




Vanquish Boats
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» 23’ Bristol Harbor Series Center Console
» 23’ Bristol Harbor Series Cuddy Cabin

———




Bristol Harbor 23” Cuddy Cabin

» Began new model
development in 2011.




23’ Cuddy Cabin

Bass boat style

21CC hull

New liner

New deck ring and
foredeck

Addition of an engine
well or transom bracket




Bristol Harbor 23’ Cuddy Cabin




Advanced Technologies in
Commercial Naval Architecture
and Marine Engineering

O




Full service naval architecture, marine engineering and marine surveying
companies; Bristol Harbor Group, Inc. in Rhode Island; and The Shearer

Group, Inc. in Texas.

Technical team includes naval architects, designers and marine surveyors who
have graduated from some of the top engineering schools in the country:

U.S. Coast Guard Academy

University of Michigan

Webb Institute

Texas A&M University

Virginia Polytechnic Institute and State University
University of New Orleans

The Core Purpose of our companies is: . This purpose, combined
with a passion for boats, serves as a motivation for our talented staff.




Advanced Technologies
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Finite Element Analysis

Models range from global
to detailed submodels

Analysis also spans a large
range, from crude beam
element models for load
determinations to detailed

solid models with STHGILITY ASSESSMENT
nonlinear gap elements
for thorough
understanding of contact
between structures

FEMAP and Nastran o




FEA - Stern Coupling
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FIGURE 02: GEOMETRY - IMAGE 02 - Isometric View 2 FIGURE 63: LOAD CASE 2 - STRESS - IMAGE 01 - Isometric View (psi)




FEA - Thermal Stress Analysis
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Techniques - CFD

» Computational Fluid
Dynamics

Open Water Curves: KA5-75 + 19A Nozzle

» Reynolds -averaged
Navier-Stoke (RANS)
based code

Simerics
Star-CCM +

» Resistance and flow
optimization as well as e ——
detailed seakeeping
analyses
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CFD - Results
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CFD - Results




BHGI understands the
need to ground-truth CFD
results

Therefore, tank test with
alternate bows

One model with two bows,
one ship shape and the
other a spoon bow

Tested at University of
Michigan Marine
Hydrodynamics Laboratory

Data matches CFD delta
approximation +/-1%




Track actual units on Marine
Traffic to understand full scale
(real life) transit speeds versus
calculated

This example shows that over
10 months, loaded transit speed
on average matches our
calculated speed for 80% MCR

Interestingly, when light, this
vessel only Eicks up about 12
knot at less than 80% MCR

Point being we “trust but
Veri?r” our computational
results
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Operational Modeling
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» Marine Electrical Propulsion Simulation Lab (MEPS)

Vision Excerpt

MEPS provides a high-impact research capability for hybrid and
all-electric marine vessels through collaboration with naval and
commercial industries along with other universities




Examples - Alternative Fuels

* LNG

~ Clean Jacksonville

~ First LNG bunker
barge built in North
America

~ Delivered in 2018

~ GTT Membrane
Technology

© Capacity of 2,200m3




* LNG

Towboats
Retrofits

o Dual-Fuel via
Air Fumigation

Ellen-G
o AiP from ABS




» Biodiesel

In 2013, USACE had BHGI investigate the viability of using
various types of biodiesel on a variety of vessels

Focused on power output and environmental and emissions
effects

Physically inspected and assessed nine candidate vessels
including installing monitoring equipment and conducting
extended trials

Culminated in a paper entitled: Measurement of Criteria
Pollutant Emissions from Vessels Operated by the US Army
Corps of Engineers and using Advanced Fuels; Gysel, Miller,
Welch &; Cocker; Final Report (Amended), April 2014



Examples — Electrical Propulsion

Mechanical power train Electric power train




Electric motor provides shaft power to propeller or
thruster

Several generators instead of main engines + generator

Generators provide energy for propulsion system as well
as house loads — no extra house generator needed

Ability to shed prime movers when less power is needed

Redundancy in the event of a prime mover failure, while
failure of any part of a direct drive system means loss of
propulsion



Diesel electric systems do require additional
considerations such as climate controlled area for
electronics

Recent studies indicate that capital expense of diesel
electric system very similar to Tier 4 w/ EGR direct drive
system

Diesel electric system generators have shorter
maintenance intervals than typical low speed diesels, but
ability to make speed with less than the total # of
generators available reduces time on each engine and
extends maintenance intervals

More flexibility for maintenance

Out-of-service time minimized



Examples — Electrical Propulsion
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» Texas DOT Galveston to
Bolivar Peninsula

» 203’ x 66 Car Ferry

» 70 Cars and 495
Passengers

» Voith Schneider
Propulsion

* 1.4MWHr Energy
Storage




Examples — Electrical Propulsion




Examples — Electrical Propulsion
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Examples — Robotics and Automation

» ARMOR 1
» 188’ x 74’ Mat Boat

» Floating concrete mat
factory for armoring the
bends of the Mississippi

» Carnegie Mellon
University’s National
Robotics and
Engineering Center




Examples — Unique Cargo - NASA

NASA — RoRo — Flight
Article (i.e. very light)

First Space Launch System
(SLS) rocket core stage for
Artemis program

En route from Michoud
(NOLA) to Stennis
(Mississippi)

Preparation for the Green
Run test series, final test
campaign

Larger than Saturn V

rocket stages built at
Michoud

O




Examples — Unique Cargo - NASA
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Examples — Unique Cargo - NASA
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OTB — RoRo — HEAVY

395’ X 100’ ocean
transport barge for
General Dynamics
Electric Boat

Under construction at
Bollinger Marine
Fabrication, Amelia, LA

Simple answers to
complex problems —
simple rule for human
OpS 1n an emergency




o Committed to the use of
advanced techni(}ues and
automation for efficiency

» Actively promoting and
exploring opportunities for
the advancement of
alternative fuel AND electric
propulsion for tugs and
towboats (already doing this
for ferries)

» Exploring other
opportunities from LNG
Dredges to all electric barges

» Exciting time to be a naval
architect!




Thank You




