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Abstract

e Case study: Student project to design, build and
race an automatous solar powered boat

* Development activities analyzed by:
* Four V-Model views

 Alternative development strategy is proposed
* Insight into the challenges of systems development
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SolarBoat challenge

 Lake Biwa (Japan) competition rules:

e Max 2m? of solar panels

* Max 20Wh of lead based batteries for power train
Complete the 20km course autonomously
* Possibility to repair boat on route

Image from: Frithiof et al. 2013 5
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SolarBoat project attributes

* Interdisciplinary:

* Engineering: Mechanical, Electrical, Software, Control,
Structural, Naval

e Operations: Design, Manufacturing, Testing, Logistics

* Complete problem:
e Concept to production to operation

* Providing a quality product that meets the user
needs:
* To win an interuniversity competition
e Learn about naval systems
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Definitions from the International Council
of Systems Engineering (INCOSE)

e Systems Engineering is an interdisciplinary approach and
means to enable the realization of successful systems. It
focuses on defining customer needs and required
functionality early in the development cycle, documenting
requirements, then proceeding with design synthesis and
system validation while considering the complete problem:
Operations, Cost & Schedule, Performance, Training &
Support, Test, Disposal and Manufacturing.

e Systems Engineering integrates all the disciplines and
specialty groups into a team effort forming a structured
development process that proceeds from concept to
Broduction to operation. Systems Engineering considers

oth the business and the technical needs of all customers
with the goal of providing a quality product that meets the
user needs.

INCOSE, “INCOSE - What is System Engineering?,” 14-Jun-2004.
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“2014-A” Ranked 3™ in Race
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14kg
2.4m x 2m

Rudder actuator &
Pitch actuator

/l\/lotor pod & Pitch control fin

Propeller
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SO

arBoat 2014: Project structure

Solar boat Product structure
2014-A

LBIe] Beams . Main foils Power. Side hulls Main hull Tail system
assembly Side hulls electronics
|

[ [
Pitch control/j Yaw control
Motor pod
system system

Control Contre:
surface surface

, Actuator Actuator

N ',—-

Control Team StructuresTeam Powertrain Team

NN N N, wih i iy s
A A A

Project manager o
Y Organizational

. structure
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Reflection on SolarBoat 2014
Race Result

Lost the race

| |

4 N 4 N
Lacked Core function
robustness failed
N\ J N\ J
| |
| | | |
4 ) 4 ) 4 ) 4 )
Solar insolation Yaw control
Pitch fin failure Water damage too low to spin
problem
motor

g J \_ J \_ J \_ J

Unpredicted Unpredicted Unpredicted Unpredicted

failure mode failure mode failure mode failure mode
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Research purpose and method

e Research purpose:
* Propose a better way to develop such a boat

* Method:

* Analyze and describe the project using V-Model views

* Output:
* Propose changes for future development
* Propose future research
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SolarBoat 2014
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Adapted from model proposed in: Scheithauer 2012
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Basic V
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Stakeholder Satisfaction

System Environment
System on Level 0

Ovwerall Product
or Service
System on Level 1

Abstract System
System on Level 2

Stakeholder Needs

Abstract System
System on Level 3

System Elements on the
Implementation Level

Logical Sequence

From: Scheithauer and Forsberg, 2013. 21
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The Basic V The Dynamic V

From: Scheithauer and Forsberg, 2013. 27
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Dynamic V

—D— lterations over a single System Element

—D— lterations over several Systems Architecture Levels including the Implemenation Level

From: Scheithauer and Forsberg, 2013. 28
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Dynamic V:
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Finkeel, big finkeel U New rudder
Cycle start:: 2014-04-17 0 Cycle start:: 2014-04-17
Cycle end: 2014-08-22 Cycle end: 2014-08-22

Overall product or service
The creation and racing of a solar boat

Abstract system level
Solar boat

o my e o e o e e e e e o o o W

Solar panel bending
Cycle start:: 2014-08-14
Cycle end: 2014-08-18

A 3 main hull e\/el
Cycle start:: 2014-08-12 | /
Cycle end: Never used :temb

V-foil vs. C-foil
Cycle start:: 2014-05-13
Cycle end: 2014-06-12

Powertrain gearbox integration
Cycle start:: 2014-07-22
Cycle end: 2014-08-22

— o o e e o e e Em me e o . e -

New side hull
Cycle start:: 2014-08-15
Cycle end: Never used

olar boat p

V-Foil angle of attack fault
Cycle start:: 2014-08-22
Cycle end: 2014-08-11

29
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Modelling based
architecture change

Finkeel, big finkeel

Cycle start:: 2014-04-17
Cycle end: 2014-08-22

| New rudder
0 Cycle start:: 2014404-17
Cycle end: 20#4-08-22

Abstract system level

Solar boat

v-foil vs. C-foil A
Cycle start:: 2014-05-13 -
Cycle end: 2014-06-12 A

— o o e o e o e e e e e A Y Em

- o o o o e o o o o W

evel
stems

34 main hull
Cycle start:: 2014-08-12
Cycle end: Never used

New side hull
Cycle start:: 2014-08-15
Cycle end: Never used

olar boat p

Solar panel bending
Cycle start:: 2014-08-14
Cycle end: 2014-08-18

Powertrain gearbox integration
Cycle start:: 2014-07-22
i Cycle end: 2014-08-22

V-Foil angle of attack fault
Cycle start:: 2014-08-22
Cycle end: 2014-08-11
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Dyn a m IC V Yaw control fault

S

discovered day before

O | a r B O at 2 O 1 4 race. Current architecture

cannot solve this.

T
Finkeel, big finkeel New rudder
Cycle start:: 2014-04-17 Cycle start:: 2014-04-17
Cycle end: 2014-08-22 Cycle end: 2014-08-22

Overall product or service
The creation and racing of a solar boat

Abstract system level
Solar boat

— e e - e o e e = e - - iw o —

Solar panel bending
Cycle start:: 2014-08-14
Cycle end: 2014-08-18

A 34 main hull e\/el
o, Cyclestart:: 2014-08-12
Q( Cycle end: Never used :tem

V-foil vs. C-foil
Cycle start:: 2014-05-13
Cycle end: 2014-06-12

Powertrain gearbox integration
Cycle start:: 2014-07-22
Cycle end: 2014-08-22

- e o . o o

New side hull
Cycle start:: 2014-08-15
Cycle end: Never used

olar boat {

V-Foil angle of attack fault
Cycle start:: 2014-08-22
Cycle end: 2014-08-11
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Dynamic V:
Gearbox rapidly
SO | a r B O at 2 O 14 integrated into the system

3 days before race

Finkeel, big finkeel 1 New rudder
Cycle start:: 2014-04-17 0 Cycle start:: 2014-04-17
Cycle end: 2014-08-22 Cycle end: 2014-08-22

Overall product or service
The creation and racing of a solar boat

Abstract system level
Solar boat

Solar panel bending
Cycle start:: 2014-08-14
Cycle end: 2014-08-18

A 34 main hull e\/el
o, Cyclestart:: 2014-08-12 /
Q( Cycle end: Never used :temb

V-foil vs. C-foil
Cycle start:: 2014-05-13
Cycle end: 2014-06-12

L |
Powertrain gearbox integration

Cycle start:: 2014-07-22
Cycle end: 2014-08-22

— o o o o e e e mm mm mm o mm me e e o e -

New side hull
Cycle start:: 2014-08-15
Cycle end: Never used

olar boat p

V-Foil angle of attack fault
Cycle start:: 2014-08-22
Cycle end: 2014-08-11
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Dynamic V:
Alternative strategy

System Environment
Race organization and location

Overall product or service
Item: Boat v1.0 Prototype

Cycle start:: 2014-05-01 The creation and racing of a solar boat
Cycle end: 2014-07-01 \i ______________________________________

\\ Abstract system level
; .

Solar boat / Race operations / PM Process

Abstract system level
Item: Sub system concept

Cycle start:: 2014-05-01 SOZ(I?' boar Sub SyStemS
= =« Cycleend:2014-06-01 @  «c <o == =\w\= =it - - = eme e e eememem e e e e e e et e e e e e e - —-—-

bstract system lev
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Dynamic V:
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Alternative strategy expiict protoype loop

System Envi
Race organizefion and location

Overall product or service
The creation and racing of a solar boat

Abstract system level
Solar boat / Race operations / PM Process

Item: Boat v1.0 Prototype
Cycle start:: 2014-05-01
Cycle end: 2014-07-01

Abstract system level
Item: Sub system concept

J
R Solar boat sub systems
= = J Cycleend:2014-06-01 | ;e e s e .\ =t - eeeeeee e e - e e e e e e e e e e e ===

bstract system lev
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Dynamic V:
Alternative strategy

Modelling based
architecture refinement

of all sub systems System Environment
\ Race organization and location
\ Overall product or service
Item: Boat v1.0 Prototype ) )
Cycle start:: 2014-05-01 The creation and racing of a solar boat
— —| ®ycle end: 2014-07-01 \i ______________________________________
\\ Abstract system level
Solar boat / Race operations / PM Process

Abstract system level
Item: Sub system concept

S )
g olar boat sub systems
= =« Cycleend:2014-06-01 | e e e ==\ = s eceeeeeeeeeee e e e e e e e e e e e e e e =- -

bstract system lev
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From: Scheithauer and Forsberg, 2013. 36
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Stakeholder Satisfaction

Stakeholder Needs

@ Walidation of Stakeholder Requirements Walidation of Virually Integrated System

Validation of Allocated Requirements Cperational Validation
Walidation of System Element’s Design Werification In-Service Walidation

From: Scheithauer and Forsberg, 2013. 37
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Assurance V:
SolarBoat 2014
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Energy balance System Environment Raceresul: |

simulation: @ or( "M and| Lake: 2014-08-19/2014-08-22

2014-06-12 simulation:

_____________ | 2014-06-12 - __ S
Drag/Thrust/Lift simulation: Cc
2014-06-18 Tank remote control; 2014-08-18
The creauorranu racy or a sol

————————————— MATLAB simulation: 2014-07- |= = = = = —_— e = -
31

Abstract SYSLETIT TEVET
Drag test: 2014-08-15 |

hetract cvictam 1oy e
Thrust test: 2014-08-??
Tar JUat SUD Sy ST

| Propeller spreadsheet: 2014-08-10 |

Ihetvrant ovictana Llovs I
V-foil Drag test: 2014-08-08 |
Motor endurance test: 2014-

Key- 08-08
Motor pod test: 2014-08-14

Validation
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From: Scheithauer and Forsberg, 2013. 39
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Development V

Stakeholder Satisfaction

Stakeholder Needs

@ Integrated System

System Integration Planning

Allocated Requirements
Stakeholder Requirements

From: Scheithauer and Forsberg, 2013. 40
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Presentation Overview

1. Definitions:
1. SolarBoat
2. Systems Engineering

SolarBoat 2014 results

V-Model to analyse development and determine
alternative work

4. Grouping solutions and building a new
development plan

5. Conclusions
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Reflection on SolarBoat 2014:
Race Result L

| |

Other designs Other designs
were more core functions
robust worked

I I
| | | |

Solar insolation
Pitch fin failure Water damage too low to spin
motor

Yaw control
problem

Unpredicted Unpredicted Unpredicted Unpredicted
failure mode failure mode failure mode failure mode

Validation Verification
(Virtual testing) (Physical testing) 42
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Linking: Work products, Validation
and Verification

== Verification test I
MATLAB
Work Product: SIMULINK
Prototype Vda
A yP MoDELICA

Validation | s ===
mOdel LANGUAGE L
Work Product: Object-Process

AN\ ¥ N | Realized part or Methodology
- sub system ’

.
I

Work Product:
Design
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Linking: Work products, Validation
and Verification

Modelling

== Verification test I
MATL
Work Product: SIMULINK
Prototype 7
7Y 42 MnnELl'cA\
Validation | st S50

odel HT I,
Wo'jk Product: Object-Process
Realized part or Methodology

sub system

A

Y

Work Product:
Design
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Linking: Work products, Validation
and Verification

1 I Modelling
1 Verification test |
MATLAB
Work Product: SIMULINK
Prototype Vda
A yP MoDELICA

Validation | surtis e’-%“’
mOdel LANGUAGE L
Wo'jk Product: Object-Process
Realized part or Methodology

sub system

A

Y

Work Product:
Design
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Linking: Work products, Validation
and Verification

1 I Modelling
1 Verification test |
MATLAB
Work Product: SIMULINK
Prototype Vda
A yP MoDELICA

Validation | s ===
mOdel LANGUAGE L
Work Product: Object-Process

\ "N | Realized part or Methodology
- sub system ’

Work Product:
Design
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Linking: Work products, Validation
and Verificatio

I Modelling
Verification test |
MATLAB
Work Product: SIMULINK
Prototype Vda
A yP MoDELICA

Validation | s ===
mOdel LANGUAGE L
Work Product: Object-Process

AN\ ¥ N | Realized part or Methodology
- sub system ’

.
I

Work Product:
Design
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April May June July August Race
System Environment: Weather
Race organization and location report
Lal)(e
2013 2013| |structure Whole T/énk
boat test boat structure
\b\tank lake Drag assembled
C-foil vs. Hull & Hull &
beam beam
pbstract system level - | e A ...........
Solar boat sub systems ~ Tail system Tail Tail /| Gear box
system Sysiem thrust
Control Micro controller
lecture
Systems elements on an Main hull Main hull 7 1
implementation level : Main foill [V-
Solar boat parts Main foil foit
L e N & Structure Structure
Key:| Manufacturing electronics | [@il PoINTail ytrut | St interfaces interface
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Virtual MO+ ¥ 2014
Learning L
testing Pod Motor nder
Theory Pod \vater
) Physical Motor
Design . .. __pod
testing Gearbox| Gearbox
Methods Read past <— Excel Prototype
CAD
reports Simulink
Communications Whole members Passive Active =1
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System Environment: Weather
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Sol operations bojt test Prototype - structre |/
in tapk PTOtO}!/pe Drag assembled /
Structure Concept
Abstract system level : . Concep Tail
Solar boat sub systems Tail system \system syster]
....................................................... |
Control conc ,pMi o controller
lectlre
Systems elements on an in hul \/Ia& hull Water gloof/
implementation level : GPS & : \ —7
Solar boat parts electronic mn foil Méin foit| V-foil /
Structure
i F0i Tai il foi trugture
Key: Manufacturing Tail fdjil Tail N‘fon interfac ﬁnte faces
O strut | [strut |\ oia
Learning x;lziunagl Motor %d Beam % d Underwater
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i Physical INJIO/ Mua'tor -
Design testing V GearboxGe % \,\\;
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CAD
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April May June July August Race

Weather
report

System Environment:
Race organization and location

9y Phase 1 Initial 2013
prototype: _ e |

Al Maximize learning Deslen egraton
SO . at test Prototype L] structare
by frontloading assembled /

activity to get
around prototype  |-...oii N N

4

Concept

Al

sJ 100p quickly

Design

oncept

Systems elements on an
implementation level :
Solar boat parts

o 71
| foil Structure tr
Key: Manufacturing Design \ ol interfac Snteffaces
T | Stra S&u{ \
Virtual 2014
Learning testin Motor %d Beam % Underwater
g Theory Pod /| pod
- \ Ideal?
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reports Simulink
Communications Whole members Passive Active
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April May June July August
System Environment: Weather
Race organization and location report
ovl Phase 2 Final 2013 Lake
The boat
prototype: lake _ y,
- N Design Integration
Absy Based on the 13 —=rotoly Structure WhoIEN| s
Sola . . bogt test Prototype structure N/
learning redesign in thnk Protojype Drag assembled /
using more Concept Hull &
beam
advanced = | N N L L
Abs . Concept Tail
sod t€Chniques | Design sy S imegration
Control conc ,pMi o controller
lectlre
Systems elements on an —, in hul \AaN hull
implementation level : \ :
Solar boat parts electronic M foll MAin foitl V2 \lln!teg'ratlon
Tail fail Tail ) Structure, trudfure
Key: Manufacturing aftq TOE:II —{ Design interfac Sinte faces
Virtual > |\
Learning telstiung Motor #Od Beam |B od Underwater
Theory P / pod
) Physical NOt(f \ A
Design . \IVI& or
testing V GearboxGe % IR
Methods Read past <—— Excel D Prototype
reports Simulink

Communications

Whole members

Sub teams

Passive

Active

&———— Passive

Proportion of team time on project

5h/week
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2014
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edge / Skill Growth curve:

Alternative strategy

DEPARTMENT OF

* SYSTEMS INNOVATION

100%

Knowledge
of the
system and
skill of the
team
Key: | Physical
testing
Design
2014
Improved
process
Ideal?

| Race 1

Lake

Adapted from model proposed in: Scheithauer 2012

Model
calibrated

Simple \ Drag Race
prototype

built and \ Thrust
tested Lake

2013 Simple
boat lake
I A— Tank
2013
boat drag Drag
2013 \
_bgat tank Hull Thrust
\ 2013 5013 prototype
\ C-foil vs, L_boat drag boat lake
2013 V-foil
boat tank >
April May June July . August Race
Time
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Know
Alternative strategy

DEPARTMENT OF
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edge / Skill Growth curve:

1
100% >
| Race '
Understand
Lake
past system by
Knowledge experiments Model
of the ’ calibrated Tank
system and Simple \ Drag Race
. prototype
skill of the built and \ Thrust \
team tested Lake
2013 Simple
Key: Physical boat lake system Tank
testing / 5013 | model a
, / boat drag Drag
DeSIgn 2013
2014 _bgat tank - I;|ut!l Thrust
2013 prototype
Improved — : 2013
process 2013 C-foil vs. L Roat drag boat lake
V-foil -
Ideal? [ boat tank >
April May June July . August Race
Time
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100%

Knowledge
of the
system and
skill of the
team
Key: | Physical
testing
Design
2014
Improved
process
Ideal?

Develop simple
model, design

| Race 1

and physical Lake
prototype Model
calibrated
Simple \ Race
’FPMLL
uilt and \ \ Thrust
tested Lake
I A— Tank
2013
boat drag Drag
2013
_bgat tank Hull Thrust
prototype
2013 2013
C-foil vs, L_boat drag boat lake
r~ 2013 V-foil
] boat tank >
April May June July . August Race
Time
54

Adapted from model proposed in: Scheithauer 2012




100%

£

Know

HRAPRPRLZRARH
SCHOOL OF ENGINEERING
THE UNIVERSITY OF TOKYO

edge / Skill Growth curve:
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Model
calibrated and
design refined

Knowledge
of the
system and
skill of the
team
Key: | Physical
testing
Design
2014
Improved
process
Ideal?

| Race 1

Lake

ModeJ
calibratdd

Simple \ Race

prototype

built and \ T \

tested Lake

2013 Simple
boat lake
i A— \ Tank
2013
boat drag \\\ Drag
2013
_bgat tank Hull Thrust
2013 5013 prototype

C-foil vs, L_boat drag boat lake
r~ 2013 V-foil
] boat tank >

April May June July . August Race
Time
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Knowledge
of the
system and
skill of the
team
Key: | Physical
testing
Design
2014
Improved
process
Ideal?

Alternative strate New desler
built and
® verified
Race
Lak
Model
calibrated Tan

Simple \ Drag Race

prototype

built and \ Thrust

tested Lake
2013 Simple
boat lake system
5013 model \ Tank
boat drag Drag
2013
_bgat tank Hull Thrust
2013 THE prototype

C-foil vs, L_boat drag boat lake
r~ 2013 V-foil
] boat tank >

April May June July . August Race
Time
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Presentation Overview

1. Definitions:
1. SolarBoat
2. Systems Engineering

SolarBoat 2014 results

V-Model to analyse development and determine
alternative work

4. Grouping solutions and building a new
development plan

5. Conclusions
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Product development process
Improvements

e As per Scheithauer 2012 "iterations are the rule in
systems engineering, not the exceptions."

e Appreciation of knowledge and skill should drive
decisions

* Using the four V-Model views forces a team to think
what work products are needed and ensure they are

tested
 Validated modeling can avoid rework cycles



DEPARTMEMNT OF

'. THE UNIVERSITY OF TOKYO 9 SYSTEMS INNOVATION

Conclusions

* The four V-Model views were an effective way to
present development activity

* Knowledge Growth Curve was effective way of
communicating the difficulties experienced on the
project

* Significant disconnect between the project and
what industry recognizes as being effective
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Future research

* V-Model views were made retrospectively,
investigate effectiveness during active
development

* Modeling is required early in the development
program. Increasing the speed at which models
can be created

* How to most effectively and efficiently teach
System Engineering best practices to appropriate
stakeholders
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Reflection on SolarBoat 2014:
Race and just prior

Long hours before and

during race

First systems

integration 4 days
before race

I | | I

Pitch fin Water Yaw control P:;A;ch;a;n Manufacturing
failure damage problem gearbox not complete
I
I |
Unpredicted Unpredicted Unpredicted Designs not Lack of
failure mode failure mode failure mode ready labour

Poor design

process
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Ref

Design period

G

DEPARTMENT OF
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ection on SolarBoat 2014

Unclear to the
project status

during the design

period

-

Parts developed
which were never
needed

~

Poor system
design

Unclear if the
design will work

N
How to select Not clear what
design work is being
parameters? done
J
N
Poor design Poor
process communication
J

Lack of
knowledge of the
system
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' MRAP AL T 2RARH DEPARTMENT OF

ASS u ra n Ce V Good simulation done at a high
SolarBoat 2014 o et

/

Sy t nVlronment Race result:

Energy balance > 2014-08-24

simulation: bl RO and| Lake: 2014-08-19/2014-08-22

2014-06-12 simulation:

_____________ .. 2014-06-12 e e e e e e e e Y Y L e
Drag/Thrust/Lift simulation: C
2014-06-18 . Tank remote control: 2014-08-18
The TEAUUIT AdlTU TdCITIY UI a4 SUlar vouat
————————————— MATLAB simulation: 2014-07-

31
Abstract SYSLEITT TEVET
| Drag test: 2014-08-15 |

A

hetract cvictam loy el
Thrust test: 2014-08-??

S ar vvuat suuy syolt S /

Propeller spreadsheet: 2014-08-10
Ihetvant ovictana lovs I
V-foil Drag test: 2014-08-08 |-
Motor endurance test: 2014-

Key- 08-08
Motor pod test: 2014-08-14

Validation
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Assurance V:

SolarBoat 2014

Energy balance
simulation:
<4—— 2014-06-12

e or( 5o

Drag/Thrust/Lift simulation:
2014-06-18

The Creauourranu dCIg Or d 50{

System Environment

DEPARTMENT OF

SYSTEMS INNOVATION

MATLAB simulation
created but lacked
verification

and

simulation:

Lake: 2014-08-

/2014-08-22

2014-06-12

/

Race result:
2014-08-24

/ Tank remote control: 2014-08-18

31

MATLAB simulation: 2014-07-

Abstractsysternrev
| Drag test: 2014-08-15 |

7 |

A

S ar vvuat suuy syolt

Key:

Validation

hetract cvictam loy
Thrust test: 2014-08-??

Propeller spreadsheet: 2014-08-10

hetvant cvictara Lavs

V-foil Drag test: 2014-08-08

./

Motor endurance test: 2014-
08-08

Motor pod test: 2014-08-14

al vuat
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Assurance V:

SolarBoat 2014

Energy balance

<4— 2014-06-12

System Environment

DEPARTMENT OF
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Experiments for data
gathering completed near
to the race. No time to
change designs

/

Race result:

{ simulation:

simulation: ~ pe or( R! and| Lake: 2014—08/9/2014—08—22

2014-08-24

2014-06-12

Drag/Thrust/Lift simulation:
2014-06-18

The Creauorranu rdaCIrng o1 d SO

Tank remote control: 2014-08-18

= = = = MATLAB simulation: 2014-07-

31
Abstract SYSLIETIT TEVI

Drag test: 2014-08-15

I oual

NAhctract cvictom lon e

Thrust test: 2014-08-??

S ar yudt ouuyv OyOLC

Key:

Validation

| Propeller spreadsheet: 2014-08-10 |

V-foil Drag test: 2014-08-08

Whetvant ovictara lavy y
. -

Motor endurance test: 2014-
08-08

Motor pod test: 2014-08-14
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Assurance V:

SolarBoat 2014
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Full system
verification test
conducted very close
to race

/

System Environment Race result:
Energy balance Roll 2014-08-24 >
simulation: B o Lake: 2014-08-19/ 2014-08-22
2014.008.12 "e Or‘ simulation: and
2014-06-12

Drag/Thrust/Lift simulation:
2014-06-18

The Creauorranu dCITy OT d SOlar muart

Tank remote control: 2014-08-18

—————— MATLAB simulation: 2014-07- |= = = = = —_—— e = === ==

31
Abstractsysterrev
| Drag test: 2014-08-15 |

cl

A

S ar vvuat suuy syolt

Key:

Validation

hetract cvictam loy
Thrust test: 2014-08-??

Propeller spreadsheet: 2014-08-10

hetvant cvictara Lavs

V-foil Drag test: 2014-08-08

Motor endurance test: 2014-
08-08

Motor pod test: 2014-08-14
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Assurance V:

Alternative strategy

April & May

DEPARTMENT OF

* SYSTEMS INNOVATION

Similar energy
balances but include
all powertrain

/ components

Key:

Validation

Systm

Energy balance
simulation:
2014-05-1?

Race o7g

RoII
simulation:
2014-05-2?

ind location

I

| Drag/Thrust/Lift 5|mulat|on 2014-05-2?

The creation and racing of a solar boat

- e e e e e R ey U e mms e R R M A e e S e R R R M e e S e R R M e e e S e R R e e e e e e e e o e

Abstract system level
Solar boat / Race operations / PM Process

Abstract system level
Solar boat sub systems

Abstract system level
Solar boat parts
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Assurance V:

Alternative strategy

DEPARTMENT OF
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Initial model validation.
Operational experience

June /
AN
N\ / /
\ e ./

Prototype test on lake: Prerequisite:2014-06-1?

\doe OFgdiizditon dard tOCditon

Prototype test in tank: 2014-06-0?

The creation and racing ()j a solar boat

Key:

Validation

AbStI"dCt { MATLAB simulation: ongoing

Abstract system level
Solar boat sub systems

Abstract system level

Solar boat parts

Solar boat / Race 'operations / PM Process

- o e e e e e e e e mms e R R R R e e M A e R R e e e Sme e R R M e e e e e e R M e e e s e e e e e

GPS/electronics test: 2014-05-1?
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' MRAP AL T 2RARH DEPARTMENT OF

ASS U ra n Ce V Detailed model construction

. and validation
uy Alternative strategy
\

N\

System Environment
Race organization and location

Overall product or service
The creation and racing of a solar

MATLAB simulation:2014-07-2?
Abstractl 0

Water proof test:2014-07-2? |

Solar boat / Race operations / PM Process

- o e e — e e e e e e e e e e e w— —— -

- Thrust test:2014-07-2? Powertrain(ESC) test:2014-07-2?

Abstract system level /

Solar boat sub systems

< V-foil test: 2014-07-2? ] Underwater pod test: 2014-07-2? |
Abstract system level

Solar boat parts
Key | Tail foil endurance test: 2014-07-0? I Motor endurance test: 2014-07-1? ” Hull water proof test: 2014-07-1? |

Validation
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Alternative strategy

Auqust

Verification of final design.

AN

Key:
-

Validation

The creation and racin

System Environment

Race result: 2014-08-24

Race organ fZCI in}’I Test boat on lake: 2014-08-1?

Overall product or service

Test boat in tank:2014-08-0?

ey

Abstract system level

Solar boat / Race operations / PM Process

Abstract system level
Solar boat sub systems

Abstract system level
Solar boat parts
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SolarBoat 2014

2014-05-09

requirements:

n

= = ¢ Concept design:

KTH

2014-05-7?

requirements:

mn A — - A

Learning of regulations & lake conditions: 2014-07-09

| Learning of how to operate boat: 2014-05-28 |

The creation and racing of a solar boat:

A hectvant evintara Lavial

2014-05-09

[

System design:

2014-05-??

Motor pod / Tail connection decision: 2014-07-03

Predicted thrust requirement: 2014-07-20
Predicted lift requirement: 2014-05-23

Sub system design :
2014-05-7?

Must use 2014
solar panels:
2014-04-17

5

Race: 2014-08-23,24 |

First operation on lake: 2014-08-19 |

First full assembly: 2014-08-14

A hctrart cvictam lavs |

Structures interfaces: 2014-08-03 1S

First full assembly: 2014-08-14 |-

Abstract system level
Solar boat parts

Design hull prototype: 2014-06-25

Design structure parts Manufacturing structure parts:
Deadline:2014-08-0? 2014-08-14
| Design tail system parts: 2014-08-0? Manufacturing tail system parts:
2014-08-14

Manufacture hull prototype: 2014-07-07
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Requirements which were

Deve Opment V: never validated
SolarBoat 2014

of regulatlons & Iak-e conditions: 2014-07-09
ce arganizauon ana rocaton

Race: 2014-08-23,24

requirements: Learning of how to operate boat: 2014-05-28

2014-05-09 o 5
. The creation and racing of a solar boat

— = { CONCEPtdesign: |m\= == == == o= - - = e e e e — — — — —f —
KTH 4-05-7? First operation on lake: 2014-08-19

. " N Nhectvant oy ictoara Lavinl
requirements: ) ) .

Motor pod / Tail connection decision: 2014-07-03

2014-05-09 System design: .

2044 00 20

Predicted thrust requirement: 2014-07-20
Predicted lift requirement: 2014-05-23 A hectrart cvzetam lay ’C‘I
Structures interfaces: 2014-08-03

Sub system design :

2014-05-7?
First full assembly: 2014-08-14
Must use 2014
solar panels: Abstract system level
2014-04-17
Solar boat parts
Design structure parts Manufacturing structure parts:
Deadline:2014-08-0? 2014-08-14
Design hull prototype: 2014-06-25 e Manufacture hull prototype: 2014-07-07
Design tail system parts: 2014-08-0? Manufacturing tail system parts:

2014-08-14
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Development V: SR
nKNnown wnen aesign
SolarBoat 2014 complet and vt

form they took

' MRAP AL T 2RARH DEPARTMENT OF

S L

Learning of regulations & lake conditions: 2014-07-
RdCe organiZation ana 1oc

Race: 2014-08-23,24

KTH

requirements:

2014-05-09

Ing of a solar boat
— =] Conceptdesign: |f=N= = = = = = = = = = = =l e e e e e e e e e e e e e
2014-05-?? First operation on lake: 2014-08-19
KTH t ant ovintara Lavial
requirements: .
d / Tail connection decision: 2014-07-03

2014-05-09 System design:

2014-05-??

Predicted thrust requirement: 2014-07-20

Predicted lift requirement: 2014-05-23 A hctracrt cvietam lov ’C‘I

Structures interfaces: 2014-08-03

Sub system design :

2014-05-7?
First full assembly: 2014-08-14
Must use 2014
solar panels: Abstract system level
2014-04-17
Solar boat parts
Design structure parts Manufacturing structure parts:
Deadline:2014-08-0? 2014-08-14
Design hull prototype: 2014-06-25 : : Manufacture hull prototype: 2014-07-07
Design tail system parts: 2014-08-0? Manufacturing tail system parts:

2014-08-14
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Development Vi | et e on
the same day (on same day)
SolarBoat 2014

S L

Learning of regulations & lake conditions: 2014-07-R9

' MRAP AL T 2RARH DEPARTMENT OF

Race: 2014-08-23,24

:Zgrirements: Learning of how to operate boat: 2014-05-28

— The creation and racing of a solar
T o [N T T T Sl Firtoperationan ke 2014.08.1
rZ%qlu;_rgng%gts: System design: Motor pod / Tail connection decision: 2014-07-03

2014-05-7?

Predicted thrust requirement: 2014-07-20

. . h ] First full assembly: 2014-08-14 |
Predicted lift requirement: 2014-05-23

A hctrart cvictam In\lnl
Structures interfaces: 2014-08-03
Sub system design :

2014-05-7?
| First full assembly: 2014-08-14 |-
Must use 2014
solar panels: Abstract system level
2014-04-17
Solar boat parts
Design structure parts Manufacturing structure parts:
Deadline:2014-08-0? 2014-08-14
Design hull prototype: 2014-06-25 e Manufacture hull prototype: 2014-07-07
Design tail system parts: 2014-08-0? Manufacturing tail system parts:
2014-08-14
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Deve opment V:
Alternative strategy

\

[l A — rl
Requirements: Learning of regulations & lake conditions:
2014-04-2? | 2014-05-0?
—l >
e . N Race: 2014-08-
Develop strategy : 23,24
2014-05-0? Learning of how to operate boat:

2014-04-2
Th

CTroOrroTe it 7 CiTig U O ooTor b()a.tk

Concept design :
- = « 2014-05-1?

Abstract system level

SO l (F'| Integration decision of Tail system & structure: rocess
2014-07-1?

First operation on
lake: 2014-08-1?

System design :
2014-05-2?

Integration decision of structure: 2014-07-1?
ADSIACL SYSLICIT 1ICVCL
| Integration decision of Tail system: 2014-07-1?

.I First assembly: 2014-08-0? |

Sub system design:
— e e e = — | 2014-06-1?

| Assemble structure parts: 2014-08-0? " =

Abstract system level
Solar boat parte

| Design structure parts: 2014-07-1? | Manufacturing structure
parts: 2014-07-2?

| Assemble tail system: 2014-08-0? |

Design prototype parts: 2014-05-1?

- - Manufacture prototype parts:2014-06-
| Design tail system parts: 2014-07-1? | Manufacturing tail system parts: Y2014- 0?
07-2?
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Simple requirements early
based on high level goals

Alternative strategy

o il

Learning of regulations & lake conditions:
2014-05-0?

Requirements:
2014-04-2?

Develop strategy :

2014-05-0? Learning of how to operate boat:

2014-04-2?
CTrCOarrores it T aCriteg Uy

The

Abstract system level

S()[a}" Integration decision of Tail system & structure:
2014-07-1?

Concept design :
2014-05-1?

System design :
2014-05-2?

Integration decision of structure: 2014-07-1?
ADSLIAdCL SYSLCIT ICVCL

) Integration decision of Tail system: 2014-07-1?
Sub system design:

—— o = = = = | 2014-06-1?

Abstract system level

Solar boat payrt=
Design structure parts: 2014-07-1?

Race: 2014-08-
23,24

aoovar DOAL

First operation on
lake: 2014-08-1?

rocess

First assembly: 2014-08-0?

Assemble structure parts: 2014-08-0?

Assemble tail system: 2014-08-0?

Manufacturing structure

parts: 2014-07-2?

Design prototype parts: 2014-05-1?
Design tail system parts: 2014-07-1?
07-2?

Manufacturing tail system parts: Y2014-

Manufacture prototype parts:2014-06-
0?
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D eve O p m e nt V Develop strategy, concept
Alte rn at|Ve St rategy ar.1d quickly develop and

integrate a prototype

' MRAP AL T 2RARH DEPARTMENT OF

Requirements:
2014-04-2?

Develop strategy :
2014-05-0?

2014-04-2?

The CTrCOre T Coreco

- = 4 2014-05-1? O U =

Concept design :

First operationfon ototype test on
ct system level bty ')‘é ype teston

System design : 2014-0
2014-05-2?

tegration decision of structure: 2014-07-1? First assembly: 2014-08-0?
ADSLIAdCL SYSLCIT ICVCL

Integration decision of Tail system: 2014-07-1?

Prototype assembly:
2014-06-20

Sub system design:
2014-06-1?

Assemble structure parts: 2014-08-0?

Ab stract SyStem level Assemble tail system: 2014-08-0?
Solar boat payrt=
Design structure parts: 2014-07-1? Manufacturing structure

parts: 2014-07-2?

Design prototype parts: 2014-05-1? Manufacture prototype parts:

Design tail system parts: 2014-07-1? Manufacturing tail system parts: Y2014- 2014-06-0?

07-2?
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Development V:
. Define work products which
Alternative strategy defne the systern

' MRAP AL T 2RARH DEPARTMENT OF

o

Requirements: Learning of regulatj
2014-04-2? ) 2014-05-0?

S & lake conditions:

Race: 2014-08-
Develop strategy :

23,24
2014-05-0? rning of how to operate boat:
2014-04-2?
COnCeptdesign: CTroCOarrore Gitur T Tty Uy o ooeed l)()al
- = { 2014-05-17 e e R e e e e e e e R R e R e = e e e —
Abstract system level SO C

lake: 2014-08-1?

S()[a}" Integration decision of Tail system & structure: rocess
System design : 2014-07-1?
2014-05-2> | A
Integration decision of structure: 2014-07-1? First assembly: 2014-08-0?

ADSLIAdCL SYSLCIT ICVCL
Integration decision of Tail system: 2014-07-1?

Sub system design:
2014-06-1?

Assemble structure parts: 2014-08-0? m
Abstract system level
Solar boat payrt=

| Design structure parts: 2014-07-1? | Manufacturing structure
parts: 2014-07-2?

Assemble tail system: 2014-08-0?

Design prototype parts: 2014-05-1?

Manufacture prototype parts:2014-06-
Manufacturing tail system parts: Y2014- 0?
07-2?

| Design tail system parts: 2014-07-1? |
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Reflection on SolarBoat 2014:
Race and just prior] ol

I I

First systems
Rework integration 4 days
before race

I I I I

Pitch fin Water Yaw control Powertrain Manufacturing not
) needed a
failure damage problem complete
gearbox
I
I I
Unpredicted Unpredicted Unpredicted Poor system Designs not Lack of
failure mode failure mode failure mode design ready labour

Poor design

N

Validation Verification
(Virtual testing) (Physical testing) 83
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Reflection on SolarBoat 2014:

Unclear to the

Design period | i

during the design
period

| | | |

s N e N e N e N
Parts developed How to select Not clear what :
: : : : Unclear if the
which were design work is being : :
design will work
never needed parameters? done
N J - J - J - J
s N s N s N e N
Poor system Poor design Poor Lack of
; . knowledge of the
design process communication
system
N J N J N J - J

Verification
(Physical testing)

Validation
(Virtual testing)




